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Abstract: Background

Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental
condition of childhood and a major driver of academic underachievement and psychosocial
difficulties. Executive functions (EF)—a family of higher-order cognitive control
processes—are central to adaptive learning and behavior in school-age children. Despite
decades of research, controversy persists regarding the specificity of EF deficits in ADHD,
their developmental stability, and the degree to which treatment modifies EF trajectories.

Methods

A systematic review was conducted to synthesize evidence on EF development in
school-age children (6-12 years) with ADHD. Searches were performed in
PubMed/MEDLINE and open-access repositories for peer-reviewed studies and meta-
analyses addressing EF domains (inhibitory control, working memory, cognitive flexibility,
planning/organization) assessed by performance-based neuropsychological tasks and/or
ecologically valid rating scales. Studies were screened for diagnostic rigor, age range, EF
measurement, and reporting of developmental or functional outcomes. Evidence was
qualitatively integrated by EF domain and assessment modality.

Results

Across included meta-analyses and empirical studies, school-age children with ADHD
consistently demonstrated impairments in working memory and inhibitory control, with
variability in cognitive flexibility and planning depending on task demands and
comorbidity. Rating-scale measures captured broader real-world executive dysfunction than
laboratory tasks, highlighting ecological validity gaps. Medication and multimodal
interventions improved symptom control and functional outcomes, but effects on higher-
order EF performance were heterogeneous, suggesting partial dissociation between
behavioral symptom reduction and EF normalization.

Conclusion

EF difficulties in ADHD are robust at the group level but heterogeneous across
individuals and measurement methods. Clinical care should integrate performance-based EF
testing with functional ratings and educational outcomes to guide individualized
intervention and school supports.
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Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
characterized by developmentally inappropriate and impairing levels of inattention and/or
hyperactivity-impulsivity. The DSM-5-TR framework maintains ADHD as a disorder
defined by functional impairment with onset in childhood, while emphasizing that
symptoms must be excessive relative to age and development and present across settings. In
global terms, ADHD represents one of the most common pediatric neuropsychiatric
conditions, with an umbrella review of meta-analyses estimating a worldwide prevalence of
approximately 8% in children and adolescents, and a male predominance. National
estimates can be higher depending on diagnostic practices and ascertainment methods; for
example, a large U.S. analysis reported that roughly 11% of children have ever received an
ADHD diagnosis.

Clinical and developmental significance in school-age children

The school-age period (approximately 6-12 years) is a neurodevelopmentally sensitive
epoch during which academic demands intensify and executive control becomes
increasingly necessary to sustain attention, inhibit prepotent responses, manage multi-step
tasks, and flexibly shift strategies. At the same time, executive functions (EF) undergo rapid
refinement supported by maturation of prefrontal networks and frontostriatal/frontoparietal
connectivity. In this developmental context, ADHD-associated difficulties frequently
manifest as classroom underachievement, incomplete work, reduced organizational skills,
peer conflict, and emotional dysregulation—outcomes that can persist even when core
ADHD symptoms appear partially controlled.

Executive function: constructs and measurement controversies

EF is not a unitary construct. It is commonly operationalized as a set of partially
separable processes including:

Inhibitory control (suppressing automatic or impulsive responses),

Working memory (holding and manipulating information over short intervals),

Cognitive flexibility (switching rules/sets and adapting to changing demands),

Planning and organization (multi-step goal management and sequencing), and

Error monitoring/self-regulation (online adjustment based on performance feedback).

A major controversy in ADHD research concerns whether EF deficits are primary
(core) to ADHD pathogenesis or represent downstream consequences of attentional
dysregulation, motivational factors, task reinforcement contingencies, or comorbidity.
Further, different measurement traditions vyield systematically different inferences:
performance-based neuropsychological tasks often detect moderate group-level differences
but can show substantial overlap between ADHD and typically developing children,
whereas behavioral EF rating scales often reveal marked real-world impairment and
correlate strongly with functional outcomes.

Pathophysiologic rationale

Neurobiologically, ADHD has been linked to atypical development of frontostriatal
circuits, catecholaminergic signaling (dopamine and norepinephrine), and large-scale neural
network coordination. These systems are integral to EF operations such as response
selection, working memory updating, and top-down attentional control. In school-age
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children—when EF demands are externally amplified by curricula and social expectations—
small differences in neural efficiency can translate into substantial functional consequences.
However, heterogeneity is the rule rather than the exception: ADHD is clinically diverse,
and EF performance is influenced by 1Q, socioeconomic context, sleep, emotional state,
classroom structure, and comorbid learning or anxiety disorders.

Research gaps and study objectives

Despite extensive literature, important gaps remain:

1. Domain specificity: Which EF domains are most consistently impaired in school-
age ADHD—across tasks, settings, and cultures?

2. Developmental trajectory: Are EF deficits stable, widening, or partially remitting
across the school-age period?

3. Measurement convergence: Why do laboratory task outcomes and rating-scale EF
measures often diverge, and how should clinicians interpret discordant results?

4. Treatment impact: Do pharmacologic and non-pharmacologic treatments improve
EF itself, or mainly reduce symptoms and improve functioning via other pathways?

Aim: To synthesize evidence on executive function development and outcomes in
school-age children with ADHD, integrating performance-based and ecologically valid
assessments.

Objectives:

- To summarize EF domain findings (inhibition, working memory, flexibility,
planning) in school-age ADHD;

- To compare measurement approaches and their relationship to functional outcomes;

- To evaluate evidence regarding treatment effects on EF and academic/behavioral
outcomes;

- To propose an outcomes-oriented clinical framework for EF-informed ADHD care.

Methods

Study design

This manuscript is a systematic review synthesizing peer-reviewed evidence on EF
development in school-age children with ADHD. The review approach was selected
because EF-ADHD relationships have been studied across heterogeneous methodologies
(neuropsychological tasks, teacher/parent ratings, neuroimaging correlates, and intervention
trials), and integrative synthesis is required to interpret convergent and discordant patterns.

Eligibility criteria

Population

Children aged 6-12 years (school-age), diagnosed with ADHD using DSM-based
clinical assessment and/or validated structured interviews. Studies including broader age
ranges were eligible if school-age data were reported separately or comprised the majority
of the sample.

Inclusion criteria

Empirical studies or meta-analyses examining executive function in ADHD using:

- performance-based EF tasks (e.g., working memory span, go/no-go, stop-signal, set-
shifting tasks), and/or
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- EF rating scales (e.g., BRIEF/BRIEF-2) with measurable functional correlates.

Studies reporting at least one EF-related outcome and one of the following: academic
outcomes, adaptive functioning, behavior problems, or developmental correlates.

Exclusion criteria

- Studies focused exclusively on preschool (<6 years) or adolescent/adult samples
without separable school-age data.

- Samples defined primarily by neurological disease (e.g., epilepsy), genetic
syndromes, or severe intellectual disability where ADHD was not the primary clinical
construct.

- Case reports, non-systematic opinion pieces, and studies without clear diagnostic
ascertainment.

Information sources and search strategy

Searches were performed in PubMed/MEDLINE and supplemented by open-access
full-text repositories when necessary. Search terms combined: “ADHD” OR “attention-
deficit/hyperactivity disorder” AND “executive function” AND (“working memory” OR
“inhibitory control” OR “cognitive flexibility” OR “planning”) AND “children” AND
“school-age”.

Study selection and data extraction

Titles/abstracts were screened for relevance, followed by full-text review. Extracted
data included: sample size, age, diagnostic criteria, comorbidity inclusion, EF measures
(tasks and/or ratings), and reported outcomes (academic, social, adaptive, symptom
severity).

Executive function domains and measurement framework

To reduce conceptual ambiguity, EF outcomes were grouped into:

1) Inhibitory control, 2) Working memory, 3) Cognitive flexibility/set shifting, 4)
Planning/organization, 5) Ecological executive dysfunction (rating scales).

Risk of bias and certainty of evidence

Where applicable, risk-of-bias was judged using domains aligned to observational
research (sampling representativeness, diagnostic ascertainment, confounding control,
measurement validity). Evidence certainty was graded qualitatively, prioritizing meta-
analyses and well-characterized cohorts.

Statistical synthesis

Because included studies used heterogeneous EF measures and did not uniformly
report compatible effect sizes, results are synthesized using structured qualitative
integration. When meta-analytic conclusions were available, they were used as the principal
evidentiary anchors.

Results

Note: Because this manuscript is a systematic review, results are reported as evidence
patterns rather than original cohort statistics.

Study characteristics and EF assessment diversity

Across the contemporary evidence base, EF in ADHD has been measured using both:

83



“GLOBAL SCIENCES JURNALI”

10-Fevral, 2026-yil

- Performance-based neuropsychological tasks (high construct specificity but
sometimes limited ecological validity), and

- Parent/teacher EF rating scales (high ecological validity, capturing real-world
functioning but more susceptible to rater bias and contextual influence).

Working memory deficits: robust findings with functional relevance

Working memory impairments are among the most consistently reported EF findings
in ADHD, particularly in tasks requiring active manipulation or updating of information
under distraction or time pressure. Experimental work manipulating working memory and
inhibitory demands supports the view that working memory load can be a key driver of
broader task performance difficulties in ADHD, reinforcing models in which a smaller set
of core deficits can generate widespread neuropsychological vulnerability under high-
demand conditions.

Clinical interpretation: In school settings, working memory limitations commonly
present as difficulty following multi-step instructions, losing track mid-task, poor mental
arithmetic, reduced reading comprehension under time-limited conditions, and inconsistent
homework completion despite adequate baseline knowledge.

Inhibitory control: consistent impairment but task-dependent magnitude

Inhibitory control deficits are widely reported, though the magnitude varies
substantially by task (e.g., go/no-go vs. stop-signal), reinforcement structure, and the degree
of competing working memory demands. Medication-naive school-age samples frequently
show reduced inhibitory control compared to controls, with medicated groups sometimes
showing partial normalization, depending on the measure.

Clinical interpretation: Inhibitory control difficulties map to impulsive classroom
responding, difficulty waiting turns, interrupting, and rapid shifts to preferred stimuli.
Importantly, inhibitory control may appear “‘situationally improved” in highly structured or
reward-intensive contexts, contributing to under-recognition in some clinical settings.

Cognitive flexibility and set shifting: heterogeneous evidence

Cognitive flexibility deficits are less uniform than working memory or inhibition
findings. Some children demonstrate pronounced set-shifting problems, particularly when
tasks require simultaneous rule maintenance (working memory), sustained attention, and
response inhibition. This suggests that “flexibility deficits” may sometimes reflect
compound task demands rather than an isolated switching impairment.

Planning/organization and ecological executive dysfunction: strong linkage to
functional outcomes

Rating scales capturing planning, organization, time management, and self-monitoring
often correlate more strongly with school performance and family functioning than isolated
laboratory tasks. This divergence supports a key clinical point: the child’s “executive
phenotype” is often more evident in real-world settings than in short structured tasks that
reduce complexity and externalize goals.

Treatment effects: symptom improvement exceeds EF normalization

Medication is consistently associated with improvement in core ADHD symptoms and
functional outcomes; evidence suggests improvements in some EF-related behaviors and
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select inhibitory measures, though not uniformly across all higher-order neurocognitive
domains. Quality-of-life benefits from ADHD medications (including stimulants and
atomoxetine) have also been reported in meta-analytic work, underscoring functional gains
even when EF task normalization is incomplete.

Clinical interpretation: Treatment may reduce disruptive behavior and improve task
engagement, thereby enabling children to utilize existing cognitive capacities more
effectively—without necessarily “curing” underlying EF vulnerabilities. This has important
implications for combining medication with educational supports and skills-based
interventions.

Discussion

Summary of evidence and interpretive framework

This review reinforces a clinically actionable conclusion: executive dysfunction is
common and developmentally consequential in school-age ADHD, but its expression
depends strongly on (a) the EF domain assessed, (b) measurement modality, and (c)
contextual demands. Working memory and inhibitory control show the most consistent
impairments, while flexibility and planning may be more variable and sensitive to task
complexity and ecological load.

Notably, the DSM-5-TR characterization of ADHD emphasizes impairing
Inattention/disorganization and/or hyperactivity-impulsivity across settings, which overlaps
conceptually with executive problems (e.g., sustaining effort, organizing tasks, following
through). However, EF deficits should not be treated as a diagnostic synonym for ADHD.
Many children with ADHD have EF performance within normative ranges in some
domains, and EF problems also occur in learning disorders, anxiety, and autism—
underscoring the importance of a differential and dimensional approach.

Why performance-based EF tasks and rating scales often diverge

A persistent controversy concerns “weak task deficits vs strong real-world deficits.”
Several mechanisms plausibly explain this:

1. Ecological complexity: Real-life EF requires sustained goal maintenance, time
management, emotional self-regulation, and navigation of distractions over long intervals—
features often minimized in laboratory tasks.

2. Context dependence: Classroom structure, teacher expectations, peer dynamics, and
home routines profoundly influence EF expression. Rating scales capture this context; tasks
typically do not.

3. State effects: Sleep, stress, motivation, and reward contingencies can transiently
amplify or mask EF vulnerabilities.

4. Task impurity: Many EF tasks measure multiple processes simultaneously;
performance deficits may reflect a limited subset of core problems (e.g., working memory
load), consistent with experimental findings indicating that manipulating cognitive load can
clarify competing models.

Clinically, this divergence is not a nuisance—it is informative. When a child’s EF
ratings are severely impaired but task performance is near normal, clinicians should
consider whether the child’s difficulties are primarily expressed under ecological load (e.g.,
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multi-step homework, transitions, time pressure) and whether environmental scaffolding is
insufficient. Conversely, poor task performance with milder ratings may suggest specific
neurocognitive vulnerabilities that have been buffered by strong external supports.

Developmental trajectory: why school age is a critical window

School age is a period of rapid EF consolidation. In typical development, working
memory capacity expands, inhibitory control becomes more efficient, and cognitive
flexibility improves as children internalize rules and strategies. For children with ADHD,
EF development may be delayed, asynchronous, or more vulnerable to stressors.
Importantly, this does not imply static deficit; many children demonstrate improvement over
time, particularly when educational supports, sleep hygiene, and behavioral strategies
reduce cognitive overload.

A crucial implication is that early school-age intervention may be disproportionately
valuable: addressing EF vulnerabilities when academic habits and self-concept are forming
may reduce secondary consequences such as learned helplessness, oppositional behaviors,
anxiety, and chronic underachievement.

Mechanistic interpretation: from catecholamines to classroom outcomes

Although this review prioritizes cognitive-behavioral evidence, mechanistic coherence
Is strengthened by known neurobiological associations of ADHD with catecholaminergic
modulation and frontostriatal control systems—networks integral to EF. Treatment effects
also fit mechanistically: stimulant medications modulate dopaminergic and noradrenergic
signaling, often improving task engagement and reducing distractibility. Yet meta-analytic
evidence suggests that dose-dependent effects on higher-order neurocognitive functions
may be limited or inconsistent, reinforcing that EF is not a single pharmacologically
“switchable” capacity.

Clinical implications: EF-informed assessment and individualized care

Assessment recommendations

A comprehensive school-age ADHD evaluation should integrate:

- Diagnostic assessment per DSM criteria, including cross-setting impairment;

- EF rating scales (parent + teacher whenever possible) to capture ecological
functioning;

- Targeted performance-based EF tasks when diagnostic clarity, learning profiles, or
intervention planning requires domain specificity;

- Academic achievement testing when learning disorder is suspected;

Screening for sleep problems, anxiety, mood disorders, and adverse childhood
experiences, all of which can affect EF.

Intervention implications

Given heterogeneous EF profiles and partial dissociation between symptom control
and EF normalization, best practice often requires multimodal intervention:

Medication can reduce symptom burden and improve participation and quality of life;

School-based accommodations (preferential seating, reduced distraction, chunked
instructions, extended time, organizational coaching) directly target executive load;
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Behavioral parent training and classroom behavior management can externalize EF
supports and improve consistency;

Skills-based interventions (organizational skills training, time management
scaffolding) can be particularly relevant for planning/organization deficits;

Sleep and lifestyle optimization (sleep hygiene, physical activity) may meaningfully
improve executive efficiency in everyday life.

The practical goal is not to “normalize” EF test scores, but to improve real-world
functioning—academic progress, peer relationships, emotional regulation, and self-efficacy.

Strengths and limitations of the current evidence base

Strengths

Convergent evidence supports EF involvement in ADHD, especially working memory
and inhibition.

Increasing methodological sophistication includes experimental manipulation of
cognitive demands, clarifying mechanisms and reducing interpretive ambiguity.

Growing attention to functional outcomes and quality of life strengthens clinical
relevance.

Limitations

Substantial heterogeneity in diagnostic procedures, comorbidity handling, and EF
measurement tools limits cross-study comparability.

Many studies remain cross-sectional, restricting inference about EF developmental
trajectories.

Cultural and educational context influences “impairment” thresholds; prevalence and
diagnosis rates vary by system-level factors as well as biology.

Publication bias may favor significant task differences and underreport null domain
findings.

Future research directions

Key next steps include:

1. Longitudinal EF growth modeling across school age to identify distinct EF
developmental phenotypes (e.g., delayed maturation vs persistent impairment).

2. Multimodal measurement integration (tasks + ratings + academic outcomes) to align
cognitive findings with functional impairment.

3. Precision intervention trials that match treatment components to EF profiles (e.g.,
organizational skills training for planning deficits; working memory load reduction
strategies for WM-impaired subgroups).

4. Mechanism-informed trials combining neurocognitive outcomes with real-world
endpoints (attendance, grades, teacher-rated functioning).

5. Equity-focused implementation research to reduce disparities in diagnosis, treatment
access, and school accommodations.

Conclusion

In school-age children, ADHD is strongly associated with executive dysfunction,
particularly in working memory and inhibitory control, and these difficulties materially
shape educational and psychosocial outcomes. However, executive impairment is neither
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uniform nor fully captured by any single assessment modality. Clinically meaningful
evaluation requires integration of diagnostic criteria, ecological EF ratings, and selected
performance-based measures aligned to the child’s functional challenges. Treatments
reliably improve symptoms and quality of life, yet their impact on higher-order executive
processes is heterogeneous—supporting a care model in which medication is complemented
by structured educational accommodations and skills-based supports. Future progress will
depend on longitudinal, phenotype-sensitive research that links executive development to
real-world outcomes and tests interventions tailored to specific EF profiles.
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