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Introduction
The core symptoms of inattention, impulsivity, and motor 

activity are highly correlated with neuroanatomical differences 
[1] identified discrete categories of function of the frontal lobes, 
one being executive functioning. They indicated, however, that the 
executive category does not refer solely to a central executive system 
and that the frontal lobes do not have a unitary organizing role. 
Rather, they described impairments in a multitude of anatomical 
and functional attentional control processes that are interrelated. 
This argument supports the view that the frontal lobes work in 
tandem with many other areas of the brain. Executive function has 
many dimensions, including choosing, planning, programming, 
implementing, monitoring, and adjusting or ending a volitional act. 
Attention is another facet of executive function. Attention is selective 
and well sustained when functioning appropriately. Attention is 
discriminating and, in some ways, biased toward achieving an end 
or desired goal [2].

On the other hand, several authors have proposed that 
symptoms of attention deficit/ hyperactivity disorder (ADHD) 
arise from a primary deficit in a specific EF domain such as 
response inhibition or working memory or a more general 
weakness in executive control [3-6]. This hypothesis is based 
on the observation that prefrontal lesions sometimes produce 
behavioural hyperactivity, distractibility, or impulsivity, as well as 
deficits on EF tasks [7,8]. EF weaknesses may be one of several 
important components in a multifactorial neuropsychological 
model of ADHD. Neuroimaging studies in children with ADHD have 
shown consistent abnormalities relative to control subjects in late-
developing inferior front ostriatal and frontocerebellar circuitries  

 
that mediate these cognitive control functions that are impaired in 
the disorder. Thus, structural magnetic resonance imaging (MRI) 
studies found reduced volume and cortical thickness in inferior 
prefrontal cortex (IFC) but also other frontal brain regions, as well 
as parietotemporal regions, the basal ganglia, the splenium of the 
corpus callosum, and the cerebellum [9,10,11].

Other work carries out by Goldman-Rakic and colleagues [12] 
emphasized the role of a frontoparietal system in visual attention/
working memory tasks and showed the role and anatomy of the 
dopaminergic components of this circuit. Longitudinal imaging 
studies have provided evidence that the structural abnormalities in 
these late-developing fronto-striato-cerebellar and frontoparietal 
systems are due to a late structural maturation of these regions [3]. 
Thus, the peak of cortical thickness maturation has been shown to 
be delayed in children with ADHD compared with healthy peers 
by an average of 3 years, with some regions, including frontal and 
temporal areas, being delayed in their cortical maturation by up to 
4 to 5 years [13]. Several studies conclude that dorsal frontostriatal, 
orbitofronto-striatal, and fronto-cerebellar circuits are involved 
in ADHD. These circuits interact through spiralling loops in the 
striatum and connections from the cerebellum to the prefrontal 
cortex and the striatum, although there are more connections 
within than between circuits.

 Dysfunction in any of these circuits might cause symptoms of 
ADHD. Dysfunction of the prefrontal cortex is likely to result in a 
reduced ability to exert control [14]. Dysfunction in dorsal striatum 
might lead to differences in the ability to predict what events are 
going to occur, whereas dysfunction in ventral striatum is more 
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likely to lead to deficits in motivation and reward processing. 
Dysfunction of the cerebellum is likely associated with problems 
in the ability to predict when events are going to occur and other 
problems with timing. The implication of this is that, although this 
wide range of neurobiological differences can lead to symptoms 
of ADHD, the cognitive effects of dysfunction at the various levels 
might be quite different. According to previous studies, executive 
function deficits are suggested to be an important component of 
attention-deficit hyperactivity disorder (ADHD) [15]. In many 
studies ADHD has been associated with weaknesses in several key 
EF domains. EF difficulties appear to be one of several important 
weaknesses that compromise the overall neuropsychological 
etiology of ADHD [16,17].

 Childhood ADHD is characterized by structural and 
functional deficits compared to healthy children. This occurs in 
predominantly inferior but also medial and dorsolateral prefrontal 
cortices, anterior cingulate, the basal ganglia, cerebellum, and 
temporo-parietal brain regions and their functional and structural 
interconnectivity, causing poor top-down control over inhibitory, 
attention, and timing functions. It has been suggested that 
neurobiological dysfunction in any of these circuits can lead to 
symptoms of ADHD. Deficits in the prefrontal cortex could affect 
control systems directly. Also, problems in the circuits relaying 
information to the prefrontal cortex could lead to reduced signalling 
for control [18]. In both scenarios, behavioural control would be 
compromised, leading to behavioural changes, such as impulsive 
and inattentive behaviour. We have taken this data into account to 
design our intervention program. Strategies that address executive 
function processes therefore provide a starting point for improving 
academic performance. When students use executive function 
strategies, they become more efficient and they begin to improve 
academically.

To build their motivation and persistence, students need to 
understand their strengths and weaknesses, which strategies work 
well for them, as well as why, where, when, and how to apply specific 
strategies. This understanding, referred to as metacognition, or the 
ability to think about their own thinking and learning, underlies 
students’ use of executive function processes. Students need to 
learn when to use which strategies and in what contexts. They also 
need to recognize that not all strategies work for all tasks and all 
content areas. In other words, strategies need to fit well with the 
student’s learning style as well as the task content and the context. 
Preliminary evidence that such dissociation might be possible 
comes from [19]. They used principal component analysis to show 
that three separable components contributed to the variance in their 
neuropsychological task battery. These components corresponded 
to timing, cognitive control (termed inhibition in their report), and 
reward (termed delay aversion). Of the 77 children with ADHD 
included in this study, 55 could be identified as having a deficit on 
one of these components, and the overlap between components 
was no greater than would be expected by chance. 

This suggests that these components might indeed rely on 
neurobiological separable systems. However, these data were based 
on computer testing only, so no direct measures of neurobiology 

were available. Nonetheless, the cognitive areas with which these 
components are related suggest they might map onto the three 
circuits described: timing is associated with fronto-cerebellar 
loops, cognitive control with dorsal frontostriatal loops, and reward 
with orbitofronto-striatal loops. There might be at least three 
neurobiological pathways to ADHD, involving disruption of dorsal 
frontostriatal, orbitofronto-striatal, or fronto-cerebellar circuits. 
However, there might be other circuits involved. For example, the 
amygdala has reciprocal connections with the prefrontal cortex and 
has been suggested to play a role in ADHD [20]. Fronto-amygdalar 
circuits could be involved in attributing emotional value to events, 
and inputs from amygdala could affect the recruitment of prefrontal 
control. Only indirect evidence of the involvement of this circuitry 
in ADHD comes from the observation of differences in medial 
temporal lobe structures in ADHD [21,22]. 

Students’ attention and their ability to engage actively in the 
learning process are associated with their ability to regulate 
their emotions in and outside the classroom [23-25]. The effects 
of emotion on the learning process range along a continuum. 
Specifically, extreme emotional reactions (e.g., anxiety, anger) often 
disrupt students’ attention and ability to stay on task as well as 
their ability to learn and remember new information [26,27]. In 
contrast, moderate emotional arousal has a positive influence on 
students’ attention and executive function processes including 
working memory, cognitive flexibility, and inhibition [28,29]. More 
specifically, the relationship between anxiety and performance is 
characterized by an inverted U-shaped curve, e.g., test performance 
is often poor when students either are not anxious and have 
consequently not studied or are excessively anxious which interferes 
with attention, working memory, and overall performance [30]. 
Similarly, negative moods disrupt attention, concentration, memory 
and processing speed.

The SMARTS program focuses on promoting resilience and 
academic success by teaching executive function strategies and 
building metacognitive awareness and persistence in all students, 
and particularly in students with learning difficulties [31-33]. 
Gender is also considered in ADHD studies [34] did not find any 
significant gender differences in children diagnosed with ADHD. 
However, some authors have reported some gender differences; 
boys show a tendency to be more impulsive and have a poorer 
motor control than girls [34-36]. Information about the child’s 
neuropsychological, cognitive, academic, and psychosocial status 
forms the basis for designing integrated intervention and treatment 
plans for children and adolescents with brain-related disorders. 
Efforts to develop models of neuropsychological intervention have 
been expanding in recent years. In an effort to provide a framework 
for linking assessment to interventions The Amsterdam attention 
and memory training program is based on a modified version of the 
Sohlberg and Mateer model [37]. 

The program contains elements that address: process training 
for attention and memory; metacognitive strategy training; social 
contact and support [38] found that, following an executive 
intervention treatment, children showed an improvement on 
neuropsychological measures of sustained and selective attention; 
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a modest improvement on memory tests, and improvement on 
teacher and parent reports of behaviours, learning and social-
emotional factors. Other interventions that promote executive 
control skills have revealed to improve behaviour in children with 
ADHD [39]. It is increasingly recognized that ADHD is a lifelong 
disorder and the focus on mental health interventions needs to be 
long-term: individualized plans that require ongoing evaluation, 
modification, and implementation, over months and years. Taking 
this data into account, future research should focus also on the 
elaboration and assessment of intervention programs taking as a 
starting point the alteration in executive functions in children with 
ADHD.
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