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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is among the most
prevalent neurodevelopmental conditions in school-age populations worldwide, with
executive function (EF) deficits recognized as central to the disorder’s functional
impairments. While stimulant pharmacotherapy remains a first-line clinical treatment,
non-pharmacological EF-targeted interventions have grown substantially in number and
theoretical sophistication over the past two decades.

Objective: This systematic comparative review evaluates the efficacy, feasibility, and
cultural applicability of eight major non-pharmacological EF intervention categories for
children and adolescents with ADHD: (1) Cogmed Working Memory Training, (2)
computerized cognitive training broadly (including CogniFit and BrainTrain), (3) Tools of
the Mind, (4) the Daily Report Card (DRC) approach, (5) Organizational Skills Training
(OST; Abikoff & Gallagher), (6) mindfulness-based interventions (MBI), (7) neurofeedback,
and (8) structured physical exercise programs.

Methods: A PRISMA-aligned search strategy was applied to PubMed, PsycINFO, ERIC, and
the Cochrane Library, supplemented by hand searches of What Works Clearinghouse
(WWC) databases, Education Endowment Foundation (EEF) reviews, and targeted
reference tracking of relevant meta-analyses published through May 2026. Eligibility
criteria followed PICOS guidelines: children and adolescents (ages 4-18) with a confirmed
ADHD diagnosis or clinically significant ADHD symptoms; randomized controlled trial,
quasi-experimental, or high-quality longitudinal design; comparators including waitlist,
active control, or treatment-as-usual; and outcomes encompassing standardized EF
measures, ADHD symptom ratings, academic performance, and/or behavioral functioning.
GRADE certainty ratings were applied to each intervention category.

Results: Evidence quality across intervention categories ranged from moderate (OST,
behavioral DRC, exercise) to low-to-very-low (some computerized training programs,
neurofeedback). Cogmed demonstrated moderate-to-large near-transfer effects on trained
working memory tasks (g = 0.91) but inconsistent far-transfer to ADHD symptom severity.
Mindfulness-based interventions yielded moderate effects on parent-rated ADHD
symptoms (g = 0.77) with small EF gains. OST produced the most robust real-world
functional outcomes. Exercise interventions showed consistent small-to-moderate effects
across inhibitory control, working memory, and cognitive flexibility (SMD = 0.45-0.50).



Cultural adaptation of all reviewed programs was notably underrepresented in the
empirical literature.

Conclusions: No single non-pharmacological EF intervention shows unambiguous
superiority across all outcome domains. Multi-modal, contextually responsive
approaches—combining behavioral scaffolding, skills training, and physical activity—offer
the most defensible practice framework. A comparative matrix and public-health decision
tool are provided to guide practitioner selection.
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Chapter 1: Introduction

1.1 Background and Problem Statement

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental condition
characterized by persistent, developmentally inappropriate patterns of inattention,
hyperactivity, and impulsivity that impair functioning across multiple settings (American
Psychiatric Association, 2022). Conservative prevalence estimates situate ADHD at
approximately 5-7% of school-age children globally, with some national surveys reporting
rates exceeding 10% in the United States (Danielson et al., 2022; Thomas et al., 2015).
These figures make ADHD one of the most commonly diagnosed and educationally
consequential neurodevelopmental conditions encountered in school systems, pediatric
primary care settings, and public health planning contexts.



The functional impairments associated with ADHD extend well beyond the classroom.
Children with ADHD demonstrate elevated rates of academic underachievement, grade
retention, special education referral, peer relationship difficulties, family conflict, and long-
term risks of occupational underperformance and mental health co-morbidities (Barkley,
2015; Faraone et al., 2021). The economic burden of ADHD in the United States has been
estimated at $143-$266 billion annually when accounting for direct medical costs,
educational costs, and lost productivity (Doshi et al., 2012). From a public health
standpoint, ADHD is therefore not merely a clinical concern but a population-level
challenge requiring scalable, evidence-based, and culturally responsive intervention
strategies.

Central to the functional impairments of ADHD—and increasingly understood as a
proximal mechanism through which the disorder exerts its educational effects—are deficits
in executive function (EF). Executive functions are the higher-order cognitive processes
that enable goal-directed, self-regulated behavior, including working memory, cognitive
flexibility, inhibitory control, planning, and organization (Diamond, 2013). Neuroimaging
and neuropsychological research has consistently documented that children with ADHD
demonstrate significantly reduced performance on EF measures relative to typically
developing peers, with effect sizes generally ranging from small to large depending on the
specific EF domain, the assessment instrument, and sample characteristics (Willcutt et al.,
2005; Sergeant, 2005).

Pharmacological treatment—particularly stimulant medications such as methylphenidate
and mixed amphetamine salts—remains the most extensively studied and consistently
effective intervention for ADHD symptoms, including some aspects of EF (Cortese et al,,
2018). However, pharmacotherapy is not a uniformly viable solution. Between 20-30% of
children do not respond adequately to stimulant treatment, a significant proportion
experience intolerable side effects, and many families, educators, and policymakers express
preference for non-pharmacological approaches, whether as stand-alone interventions or
as complements to medication (Brown et al., 2018; Subcommittee on ADHD, Steering
Committee on Quality Improvement and Management, 2011). In lower-income countries
and communities with limited healthcare infrastructure, access to medication is itself
constrained, making non-pharmacological options not merely preferable but necessary.

Over the past two decades, an increasingly diverse array of non-pharmacological
interventions has been developed, marketed, and studied specifically targeting EF deficits
in individuals with ADHD. These range from computerized working memory training
programs (e.g., Cogmed, CogniFit), to classroom-embedded behavioral scaffolding systems
(e.g., Daily Report Card, Tools of the Mind), to structured skills training programs (e.g.,
Organizational Skills Training), to mind-body and physiological approaches (e.g.,
mindfulness-based interventions, neurofeedback, and physical exercise). Despite the
proliferation of options, practitioners, educators, and policymakers face significant
challenges in evaluating and selecting among these approaches, as each program rests on
different theoretical premises, targets different EF components, delivers benefits at
different ecological levels, and carries different evidence bases of varying quality.



This dissertation provides a systematic, comparative, and critically appraised synthesis of
eight major categories of EF-targeted non-pharmacological intervention for learners with
ADHD. In doing so, it applies the methodological rigor of a PRISMA-aligned systematic
review to a practitioner-relevant comparative framework, generating a decision tool
designed for use by school psychologists, special educators, public health professionals,
and clinical practitioners.

1.2 Research Questions
The following research questions guided this comparative synthesis:

RQ1: What is the current evidence base for each of the eight reviewed EF intervention
categories with respect to EF outcomes (working memory, inhibitory control, cognitive
flexibility, planning/organization) in children and adolescents with ADHD?

RQ2: How do the reviewed interventions compare with respect to effect size magnitude,
evidence certainty (GRADE), and durability of effects across follow-up periods?

RQ3: What is the degree of far-transfer (generalization to academic performance,
behavioral functioning, and daily living) reported for each intervention category?

RQ4: To what extent have the reviewed interventions been culturally and linguistically
adapted for use with racially, ethnically, and linguistically diverse populations, and what
are the implications of evidence gaps in this area?

RQ5: What decision-relevant factors—including feasibility, cost, implementation intensity,
and public health scalability—differentiate the reviewed interventions from a systems-
level perspective?

1.3 Significance

The significance of this review is multifold. First, it synthesizes a field in which rapid
intervention proliferation has outpaced critical evaluation. Second, it applies GRADE
evidence certainty ratings—a methodology commonly used in clinical medicine but less
consistently applied in educational intervention research—to produce transparent,
hierarchically organized conclusions. Third, it explicitly frames findings within a public
health lens, examining scalability and equity dimensions that are typically peripheral in
clinical efficacy literature. Fourth, it addresses the persistent gap in cultural adaptation
research for ADHD EF interventions, providing a framework for researchers and
practitioners to consider population-level responsiveness. Fifth, the comparative matrix
and practitioner decision tool produced in this review have direct utility for individual
education plan (IEP) development, multi-tiered systems of support (MTSS) planning, and
school-based mental health programming.

1.4 Definitions of Key Terms

ADHD (Attention-Deficit/Hyperactivity Disorder): A neurodevelopmental disorder
defined by DSM-5-TR criteria (American Psychiatric Association, 2022) and ICD-11 criteria



(World Health Organization, 2022), characterized by persistent and functionally impairing
patterns of inattention, hyperactivity, and/or impulsivity.

Executive Function (EF): A multidimensional construct encompassing the cognitive
processes that support goal-directed, self-regulated behavior; for the purposes of this
review, operationalized as working memory, inhibitory control, cognitive flexibility, and
planning/organization following Diamond (2013).

Near-Transfer: Improvement on tasks or measures that are structurally similar to the
trained task (e.g., improvement on a non-trained working memory measure after working
memory training).

Far-Transfer: Improvement on functionally distinct outcomes not structurally related to
the trained skill (e.g., improvement in reading comprehension, classroom behavior, or
academic grades following working memory training).

GRADE Certainty: A structured appraisal system for rating the certainty (confidence) in a
body of evidence, categorized as High, Moderate, Low, or Very Low (Guyatt et al., 2011).

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; a
methodological guideline framework for transparent reporting of literature synthesis
(Page et al.,, 2021).

PICOS: A structured eligibility framework defining Population, Intervention, Comparator,
Outcomes, and Study design criteria for inclusion in a systematic review.

Ecological Validity: The degree to which laboratory or structured intervention effects
generalize to natural settings such as classrooms, homes, and peer interactions.

Cultural Adaptation: The systematic modification of an evidence-based intervention to
account for the cultural values, beliefs, practices, and linguistic contexts of a specific
population (Bernal et al.,, 2009).

Chapter 2: Literature Review

2.1 Theoretical Framework: Barkley’s Unified Theory of ADHD and Executive Function

No theoretical framework has been more influential in shaping the conceptualization of EF
deficits in ADHD than Russell Barkley’s Hybrid Model of Executive Functions, first
articulated in a landmark 1997 Psychological Bulletin article and subsequently revised and
elaborated across multiple editions (Barkley, 1997, 2012, 2015). Barkley’s model positions
behavioral inhibition—the capacity to suppress prepotent responses, interrupt ongoing
responses, and protect goal-directed behavior from interference—as the primary deficit in
ADHD. Deficits in behavioral inhibition, Barkley argued, cascade into impairment across
four interdependent executive neuropsychological abilities: (a) working memory (both
verbal and nonverbal), (b) self-regulation of affect, motivation, and arousal, (c)
internalization of speech (a process that supports private self-talk and self-directed



problem-solving), and (d) reconstitution (the capacity for behavioral analysis and synthesis
enabling flexible, novel goal-directed responses).

This architecture has several important implications for intervention design. If behavioral
inhibition is genuinely upstream of all other EF deficits, then training individual EF
components—for instance, working memory in isolation—may yield only circumscribed
gains, since the underlying regulatory mechanism remains impaired. This theoretical
prediction aligns with much of the empirical data reviewed in later chapters, where near-
transfer effects (improvement on trained skills) consistently exceed far-transfer effects
(generalization to classroom behavior, academic outcomes, or daily functioning).

Barkley’s model has since been updated (Barkley, 2012) to position working memory as
not merely a downstream mediator of behavioral inhibition but as an exogenous variable
coequal with behavioral inhibition in predicting ADHD outcomes. This “Barkley Updated
Executive Functioning Model” (BUEFM) has been tested using structural equation modeling
in adult samples, with preliminary support for the revised architecture (Barkley, 2012).
From an intervention standpoint, the updated model suggests that interventions targeting
both behavioral inhibition (through behavioral contingency management and self-
regulation training) and working memory (through cognitive training or scaffolding) may
yield additive benefits over either component alone.

Complementary theoretical contributions have been offered by other leading scholars.
Sonuga-Barke’s dual-pathway model (Sonuga-Barke, 2003) proposes that ADHD reflects
deficits in two relatively distinct neuropsychological pathways: an EF-based “cool”
pathway mediated by fronto-striatal circuits, and a motivational “hot” pathway driven by
altered reward sensitivity and delay aversion. This distinction has practical implications
because interventions targeting EF (i.e., the “cool” pathway) may be less effective for
individuals whose ADHD is primarily driven by motivational dysregulation, reinforcing the
importance of individualized assessment prior to intervention selection.

Diamond (2013) has proposed a hierarchical model of EF in which three core EFs—
inhibition, working memory, and cognitive flexibility—are foundational and
combinatorially generate higher-order EFs including planning, reasoning, and problem-
solving. This tripartite framework is useful for evaluating intervention specificity, as
different programs operationalize and train different core EF components, and outcomes
must be interpreted in light of which components were targeted versus assessed.

2.2 Cool vs. Hot Executive Functions

The distinction between “cool” and “hot” executive functions, introduced by Zelazo and
Miiller (2002) and elaborated by others, is particularly relevant for understanding the
heterogeneous profile of EF deficits in ADHD populations. Cool EFs—including working
memory, inhibitory control, and cognitive flexibility—operate in affectively neutral,
abstract problem-solving contexts and are typically assessed through traditional
neuropsychological tasks (e.g., digit span, Stroop, Wisconsin Card Sorting). Hot EFs, by
contrast, operate in emotionally and motivationally significant contexts involving risk,
reward, and interpersonal dynamics, and are assessed through tasks such as the lowa
Gambling Task or delay-of-gratification paradigms.



Children with ADHD demonstrate deficits in both cool and hot EF domains, though the
relative contribution of each to functional outcomes varies across individuals and
developmental stages (Castellanos et al., 2006; Toplak et al., 2009). Many of the
computerized training programs reviewed in this dissertation (Cogmed, CogniFit,
BrainTrain) focus almost exclusively on cool EF components, a specialization that may
explain their limited generalization to real-world behavioral and emotional regulation
outcomes. In contrast, mindfulness-based interventions and socio-emotional curricula such
as Tools of the Mind explicitly target hot EF dimensions—self-regulation of affect, impulse
control in interpersonal contexts, and motivational persistence—which may account for
the different profile of outcomes observed with these approaches.

2.3 Developmental Considerations

EF development follows a protracted trajectory extending from early childhood through
young adulthood, with the most rapid development occurring in early childhood (ages 3-6)
and again during adolescence (ages 12-18), corresponding to periods of heightened
prefrontal cortical maturation (Zelazo et al., 2016). Children with ADHD demonstrate
approximately a 30% delay in the development of prefrontal cortex thickness relative to
typically developing peers, as demonstrated by longitudinal neuroimaging research (Shaw
et al,, 2007). This developmental delay suggests that intervention opportunities may be
particularly potent during windows of rapid EF development, though evidence for critical
or sensitive periods specific to EF intervention in ADHD remains preliminary.

Developmental stage must also be considered when evaluating outcomes across reviewed
programs. A program designed for preschool-age children (e.g., Tools of the Mind) targets
foundational self-regulatory capacities at a very different phase of neural and behavioral
development than programs designed for middle-school students (e.g., Abikoff and
Gallagher’s OST for adolescents). Effect sizes and generalization profiles cannot be
meaningfully compared across age groups without careful attention to developmental
context.

2.4 The Pharmacotherapy Context

Any synthesis of non-pharmacological EF interventions for ADHD must situate those
interventions relative to the dominant pharmacological treatment paradigm. Stimulant
medications—methylphenidate (Ritalin, Concerta) and mixed amphetamine salts
(Adderall)—demonstrate among the largest effect sizes of any pediatric
psychopharmacological treatment, with meta-analyses reporting standardized mean
differences of approximately 0.60-0.80 for parent-rated and teacher-rated ADHD symptom
severity (Cortese et al., 2018). Effects on specific EF components are also documented, with
stimulants producing moderate improvements in working memory and inhibitory control
(Coghill et al., 2014).

The Multimodal Treatment Study of Children with ADHD (MTA Cooperative Group, 1999)
remains the landmark randomized trial in this area, demonstrating that carefully titrated
medication management was superior to behavioral treatment alone for core ADHD
symptoms at 14-month follow-up, though combined treatment (medication plus



behavioral) conferred additional benefit particularly for academic outcomes and social
functioning. The long-term MTA follow-up data complicate this picture, however, showing
that initial advantages of medication management over behavioral treatment diminished
over 6-8 years, with no significant differences between groups by adolescence (Swanson et
al,, 2008). These long-term findings reinforce the clinical and public health argument for
robust non-pharmacological approaches.

Critically for this review, pharmacotherapy does not address EF deficits during the
substantial portion of the day when medication is no longer active (afternoon, evening,
weekends), does not teach compensatory skills or strategies that persist after medication is
discontinued, and is not accessible to all children and families. This functional and equity
gap provides the strongest public health rationale for rigorously evaluated, scalable EF-
focused non-pharmacological interventions.

2.5 Evidence Gap Analysis

A comprehensive review of the literature through May 2026 reveals several persistent and
consequential evidence gaps that constrain the field’s practical conclusions:

Near-transfer inflation: Nearly all computerized training programs demonstrate robust
near-transfer effects—improvement on tasks structurally similar to trained tasks—but far
fewer demonstrate consistent far-transfer to real-world academic or behavioral outcomes.
The field continues to grapple with the question of whether measurable improvements in
laboratory working memory tasks translate meaningfully to the lived experience of
children with ADHD.

Methodological heterogeneity: Outcome measures vary substantially across studies
(standardized assessments vs. parent/teacher ratings vs. academic performance), making
cross-study comparisons difficult. The proliferation of proprietary computerized platforms
has produced a fragmented literature in which each program'’s trials often use different
comparison conditions, different outcome batteries, and different follow-up intervals.

Publication bias: Effect size inflation attributable to publication bias is a recognized
concern in the EF intervention literature, with funnel plot asymmetry documented in
several meta-analyses (Melby-Lervag et al., 2013; Schwaighofer et al., 2015).

Cultural and linguistic homogeneity: The vast majority of published trials on EF
interventions for ADHD were conducted in North America, Europe, or Australia with
predominantly White, English-speaking, middle-class samples. Evidence on the efficacy,
cultural appropriateness, and linguistic accessibility of these programs for Hispanic/Latino,
Black/African American, Asian American, Indigenous, multilingual, and low-income
populations is sparse and insufficient to support strong generalizations (Slobodin &
Masalha, 2020).

Maintenance of gains: Follow-up assessments are inconsistently included in published
trials, and when present, often reflect relatively short time horizons (3-6 months post-
treatment). Evidence for durable gains beyond 12 months is limited for most intervention
categories.



Comorbidity confounds: ADHD rarely occurs in isolation; co-occurring learning
disabilities, anxiety disorders, oppositional defiant disorder, and autism spectrum disorder
features are present in the majority of clinical samples. Most trials either exclude
participants with significant comorbidities or inadequately report and control for their
presence, limiting generalizability to real-world populations.

Chapter 3: Methodology

3.1 Design Overview

This dissertation employs a systematic comparative synthesis design, integrating PRISMA-
aligned search methodology with a structured comparative framework. Because the goal is
to compare intervention categories rather than to re-analyze individual study data, this is a
review of reviews supplemented by primary study data where meta-analytic synthesis is
unavailable. For each intervention category, a dedicated sub-search was conducted to
identify (a) the highest-quality available meta-analysis or systematic review, (b) key
primary RCTs or quasi-experimental studies, and (c) practitioner-facing evaluation reports
(WWC intervention reports, EEF evidence summaries, ADHD Evidence Project resources).
Evidence from each source was then synthesized narratively and graded using GRADE
criteria.

3.2 PICOS Eligibility Criteria

Population (P): Children and adolescents aged 4-18 years with a confirmed ADHD
diagnosis (DSM-1V, DSM-5, ICD-10, or ICD-11 criteria) or clinically significant ADHD
symptom levels (e.g., scores 21.5 SD above the normative mean on a validated ADHD rating
scale). Studies enrolling mixed samples (e.g., ADHD plus learning disabilities) were
included if ADHD was the primary clinical population.

Intervention (I): Any structured, manualized, or systematically delivered non-
pharmacological intervention explicitly targeting EF components in individuals with ADHD.
Interventions were categorized into the eight program types described above.

Comparator (C): Waitlist control, no-treatment control, treatment-as-usual (TAU), active
placebo, or another non-pharmacological intervention.

Outcomes (0): Primary outcomes: performance-based EF measures (standardized
working memory, inhibitory control, cognitive flexibility, or planning tasks) and validated
ADHD symptom rating scales (completed by parents and/or teachers). Secondary
outcomes: academic achievement measures, behavioral observations, daily living skills,
quality of life, and parent/family stress.

Study Design (S): Randomized controlled trials (RCTs), quasi-experimental designs with
matched comparison groups, and high-quality prospective cohorts. Case series, single-
subject designs, and opinion pieces were excluded from quantitative synthesis but
considered for contextual background.



3.3 Search Strategy

Electronic databases searched included PubMed/MEDLINE, PsycINFO (via APA PsycNet),
ERIC (via EBSCO), the Cochrane Library, and Google Scholar. The WWC Intervention Finder
(ies.ed.gov/ncee/wwc/), the EEF Teaching and Learning Toolkit, and the ADHD Evidence
Project (adhdevidence.org) were searched as supplementary sources. Reference lists of all
included meta-analyses were hand-searched for eligible primary studies.

Search terms were organized into three conceptual clusters: (1) population terms (ADHD,
attention-deficit, attention deficit hyperactivity disorder, ADD); (2) intervention terms
(executive function, working memory, cognitive training, organizational skills, mindfulness,
neurofeedback, physical exercise, daily report card, Tools of the Mind, Cogmed,
BrainTrain); and (3) methodological terms (randomized controlled trial, systematic review,
meta-analysis, intervention, efficacy, effectiveness). Boolean operators (AND, OR) and
database-specific subject headings (MeSH, Thesaurus) were used to maximize sensitivity.
Searches were not restricted by publication date but priority was given to literature from
2010 onward given the rapid evolution of this field. Non-English language studies were
included when English translations or abstracts were available.

3.4 Study Selection and Data Extraction

Abstract and full-text screening was conducted in two sequential stages. Data extracted
from each included meta-analysis or primary study included: citation details, sample
characteristics (age, gender, diagnostic criteria, comorbidities), intervention description,
comparator condition, outcome measures, effect size estimates (standardized mean
differences or Hedges’ g with 95% confidence intervals), follow-up intervals, and
information relevant to risk-of-bias assessment.

3.5 Risk-of-Bias Appraisal

For RCTs, the Cochrane Risk of Bias 2 (RoB 2) tool was used to appraise: randomization
process adequacy, deviations from intended interventions, missing outcome data,
measurement of the outcome, and selective reporting. For non-randomized studies, the
Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I) tool was applied. Key
sources of bias identified in the EF intervention literature include: inadequate blinding of
outcome assessors (particularly for performance-based EF tasks), inadequately matched
active control conditions, attrition differentials between groups, and outcomes assessed
exclusively by participants or parents who were unblinded to condition assignment.

A recurring methodological challenge in this field—particularly relevant to Cogmed’s
evidence base—is the problem of the “inert placebo.” Several Cogmed trials compared the
active intervention to a low-dose or non-adaptive version of the program rather than a
genuinely matched active control. To the extent that the comparison condition differed in
engagement, expectancy, and motivational features, observed between-group differences
may partially reflect non-specific factors rather than the specific training content (Melby-
Lervag et al,, 2013; Shipstead et al., 2012).



3.6 GRADE Evidence Certainty Ratings

Following the GRADE Working Group framework (Guyatt et al.,, 2011), certainty of
evidence for each intervention category was rated as:

e High: We are very confident that the true effect lies close to the estimated effect.
Typically derived from high-quality RCTs with consistent results across studies and
low risk of bias.

e Moderate: We are moderately confident in the effect estimate; the true effect is likely
close to the estimate, but there is a possibility it is substantially different. Typically
reflects RCT evidence with some limitations.

e Low: Our confidence in the effect estimate is limited; the true effect may be
substantially different from the estimate.

e Very Low: We have very little confidence in the effect estimate; the true effect is likely
to be substantially different.

Certainty ratings were downgraded based on: risk of bias, inconsistency of results across
studies, indirectness (whether the body of evidence maps directly onto the population and
outcomes of interest), imprecision (wide confidence intervals, small sample sizes), and
publication bias. Certainty ratings were upgraded for particularly large effect sizes from
consistently low-bias studies, or for strong dose-response gradients.

3.7 Limitations of the Review

This review does not conduct original primary data analysis or formal meta-analytic
pooling across studies; effect size estimates are drawn from published meta-analyses and,
where these are unavailable, from primary studies. Reported effect sizes therefore reflect
methodological heterogeneity in the underlying literature. Additionally, since this review
encompasses intervention categories rather than individual programs in exhaustive detail,
program-specific nuances may be underrepresented for less-studied individual programs
within each category. The cultural adaptation analysis is constrained by the limited
primary literature on this topic. These limitations are acknowledged in the interpretation
of findings and the formulation of recommendations.

Chapter 4: Results
4.1 Program Profile: Cogmed Working Memory Training
Overview and Theoretical Basis

Cogmed Working Memory Training (CWMT), developed by Torkel Klingberg and
colleagues at the Karolinska Institute in Sweden and commercialized through Pearson
Assessment, is the most extensively researched individual computerized WM training
program for children with ADHD (Klingberg et al., 2002, 2005). The program comprises a
sequence of visuo-spatial and verbal working memory exercises delivered via a computer
platform over approximately 25 sessions (5 sessions per week for 5 weeks). A defining



feature of Cogmed is its adaptive algorithm: task difficulty adjusts in real time to maintain
engagement at approximately 80% accuracy, ensuring that the trainee operates
consistently near the upper boundary of their current working memory capacity. The
program is available in three age-calibrated versions: Cogmed JM (ages 4-7), Cogmed RM
(ages 7-17), and Cogmed QM (adults).

The theoretical rationale for Cogmed is rooted in neural plasticity research demonstrating
that intensive, adaptive training of working memory is associated with increases in cortical
dopamine receptor density and measurable changes in prefrontal and parietal cortical
activity (Olesen et al., 2004; Westerberg & Klingberg, 2007). Klingberg et al.’s (2005)
foundational RCT assigned 53 children with ADHD (ages 7-12) to either adaptive or non-
adaptive (low-dose placebo) versions of the program. After five weeks, the adaptive
training group demonstrated significantly greater improvements on working memory span
tasks, as well as parent-rated ADHD inattention symptoms, compared to the low-dose
placebo group. This study generated considerable enthusiasm and catalyzed a substantial
body of follow-up research.

Efficacy Evidence

Subsequent research has produced a more nuanced and contested picture. A systematic
review and meta-analysis by Melby-Lervag et al. (2013), analyzing 23 studies of WM
training programs (predominantly Cogmed), found large near-transfer effects
(standardized mean difference = 0.79) on trained WM tasks but minimal and non-
significant far-transfer to broader cognitive abilities, academic performance, or behavioral
functioning. The authors concluded that WM training effects do not generalize beyond the
trained tasks in any consistent or educationally meaningful way.

A more recent and comprehensive meta-analysis identified in the present search, published
via PubMed (Cogmed cognitive training for working memory: a systematic review and
meta-analysis, 2025, PMID 40581145), reported a large overall training effect on working
memory outcomes (g = 0.91) across included trials. However, the authors also noted
substantial heterogeneity across studies and highlighted the persistence of methodological
concerns regarding the adequacy of the comparison condition as a genuine active control.

A key critical analysis is the 2013 review by Shipstead, Hicks, and Engle (published in
Psychological Bulletin), which examined Cogmed'’s evidence base specifically against five
criteria for valid cognitive training: (1) training must produce improvements on trained
tasks; (2) improvements must transfer to untrained, theoretically related tasks; (3) the
mechanism must be identified; (4) the training must generalize to real-world performance;
and (5) gains must be durable. Shipstead et al. concluded that while criterion 1 was reliably
met, criteria 2-5 were not satisfactorily demonstrated by the available evidence at that
time.

A direct-replication RCT conducted by Dongen-Boomsma et al. (2014) trained 47 children
with ADHD using Cogmed working memory tasks and found no significant effects on
behavior, neurocognition, or daily executive functioning, contrasting with earlier positive
findings and suggesting that results may not replicate uniformly across samples and
settings.



A 2023 analysis of computerized EF training in youth with ADHD (ScienceDirect) found
that while cognitive training had a significant training effect on working memory (g =
0.907), effects on behavioral ADHD symptoms were more modest and inconsistent across
studies and raters (Scionti et al., 2023).

Far-Transfer and Behavioral Outcomes

The question of far-transfer is central to the practical evaluation of Cogmed. Multiple meta-
analyses have now concluded that WM training effects on academic achievement,
classroom behavior, and parent-teacher-rated ADHD symptoms are small, inconsistent, and
often not statistically significant when assessed against genuinely active comparison
conditions (Melby-Lervag et al., 2013; Schwaighofer et al., 2015; Sala & Gobet, 2017). A
meta-analysis specifically examining benefits of WM training for inattention in daily life
(Mawjee et al., 2015; PMC4368783) found a significant training effect on inattention
outcomes (d = 0.43), suggesting that while effects on real-world attention are detectable,
they are modest. The magnitude of effect on daily inattention is considerably smaller than
the large near-transfer effects on trained WM tasks, supporting the near-transfer/far-
transfer gap as a genuine and robust finding.

Maintenance of Effects

Follow-up data are limited but generally show decay of WM gains over 3-6 months post-
training without booster sessions. Long-term maintenance of behavioral benefits is not
well-documented.

Cultural Adaptation and Diversity

Published Cogmed trials have been conducted primarily in Scandinavia, the United
Kingdom, the United States, Australia, and the Netherlands. No published adaptation
studies for non-European cultural or linguistic populations were identified in the present
search. The program interface has been translated into multiple languages for commercial
deployment, but linguistic translation is not equivalent to cultural adaptation.

GRADE Certainty Rating: Low — Large near-transfer effects are consistently replicated,
but evidence for clinically meaningful far-transfer to ADHD symptoms and academic
outcomes is inconsistent and methodologically limited. Confidence in the real-world
practical value of Cogmed alone as an ADHD EF intervention is low.

4.2 Program Profile: Computerized Cognitive Training (CogniFit, BrainTrain, and Related
Programs)

Overview

Beyond Cogmed, a broader category of commercially available computerized cognitive
training (CCT) programs has emerged targeting attention, working memory, processing
speed, and other EF components in children with ADHD. CogniFit (Israel/USA) and
BrainTrain (USA) are among the most widely marketed of these platforms; others include



Captain’s Log (BrainTrain), Lumosity (Lumos Labs), Play Attention (BrainLeap), and
various academic-laboratory programs (e.g., ACTIVATE by C8 Sciences). These programs
vary substantially in their theoretical grounding, the specific cognitive constructs targeted,
their adaptive algorithms, and their research support.

CogniFit offers neuropsychological training targeting attention, inhibition, planning, and
hand-eye coordination, with a suite of training tasks adapted for children and adults with
ADHD. Published peer-reviewed trials evaluating CogniFit’s specific ADHD efficacy are
limited. BrainTrain’s Captain’s Log program has been evaluated in small-scale studies with
mixed results but lacks the depth of evidence base that Cogmed has accumulated through
multiple independent RCTs.

Efficacy Evidence

A systematic review of the effectiveness of cognitive training for school-aged children and
adolescents with ADHD (Lambez et al., 2020; Frontiers in Psychology, PMC6971402)
examined 18 published studies across multiple CCT platforms, finding that 13 of those
studies reported improvements in executive function outcomes and that overall 17 of 22
studies showed positive transfer effects to ADHD symptomatology. The authors cautioned,
however, that the overall quality of evidence was limited by small sample sizes, inadequate
control conditions, and heterogeneous outcome measurement.

A contrasting meta-analytic review by Cortese et al. (2015), examining programs that train
working memory, executive functions, and attention for ADHD, concluded that the evidence
does not support EF and attention training as a clinically meaningful treatment for ADHD,
with effect sizes relative to genuinely active control conditions being small and
inconsistent. This finding is consistent with the near-transfer/far-transfer gap observed
with Cogmed specifically.

A pilot study of computer-based multiple component cognitive training in children with
ADHD (PM(C9843988) examined an intervention combining working memory, inhibitory
control, and processing speed training across 12 weeks and found significant
improvements in composite EF scores and parent-rated attention but not in academic
outcomes, consistent with the broader literature.

Context and Practical Considerations

The proliferation of commercially marketed CCT programs for ADHD presents a significant
challenge for consumers and practitioners: marketing claims frequently outpace published
evidence, and the ease of digital distribution means that programs with weak evidence
bases are marketed alongside programs with more substantial research support. The
American Academy of Pediatrics and the American Psychological Association have each
cautioned that evidence does not currently support the use of commercial brain training
programs as treatments for ADHD (AAP, 2019; APA, 2017). This position is not a blanket
rejection of computerized training but a call for program-specific evidence evaluation
before clinical recommendation.



GRADE Certainty Rating: Very Low to Low — Evidence for broad CCT platforms beyond
Cogmed is highly variable and generally limited by small samples, insufficient blinding, and
inadequate active comparison conditions. No single CCT platform beyond Cogmed has
accumulated sufficient RCT-level evidence to warrant a moderate or higher GRADE rating
for ADHD-specific EF outcomes.

4.3 Program Profile: Tools of the Mind
Overview and Theoretical Basis

Tools of the Mind (TotM) is a comprehensive early childhood curriculum developed by
Elena Bodrova and Deborah Leong, grounded in Vygotsky’s sociocultural theory of
cognitive development (Bodrova & Leong, 2007). Rather than targeting EF through isolated
training tasks, TotM embeds EF development within the full fabric of the preschool and
kindergarten classroom through scaffolded make-believe play, regulatory academic
activities, and deliberate metacognitive dialogue. Children in TotM classrooms engage in
extended, planned sociodramatic play in which roles, rules, and narrative structures
provide natural inhibitory scaffolding—children must suppress immediate impulses to
maintain the coherence of the play scenario, thereby exercising behavioral inhibition,
working memory (holding the play narrative in mind), and cognitive flexibility (adapting to
others’ contributions).

Key TotM components include “play planning” (children dictate or draw plans for their play
activities), “buddy reading” (a scaffolded peer reading activity with alternating listener and
speaker roles), and regulatory academic activities in which children practice self-
monitoring with physical props (e.g., a “speech chip” held by the listener role that serves as
a concrete inhibitory prompt). The curriculum is designed for 4-6-year-olds and requires
substantial teacher training and ongoing coaching to implement with fidelity.

Efficacy Evidence

The most rigorous early evaluation of TotM was a large-scale cluster RCT reported in
Science by Diamond et al. (2007), in which 147 children in urban public school classrooms
were randomly assigned to TotM or a control curriculum. Children in TotM classrooms
scored significantly higher on laboratory measures of EF (inhibitory control, cognitive
flexibility, and working memory) at the end of kindergarten. Effect sizes were modest but
statistically significant, and the study’s high methodological quality (cluster randomization,
independent assessment, preregistration) strengthened causal inference.

However, subsequent larger-scale evaluations have produced more equivocal results. A
large federal study by Farran and Wilson (2014), funded by the Institute of Education
Sciences, involving over 1,000 children across 79 classrooms in Tennessee, found no
significant effects of TotM on child cognitive, literacy, or mathematics outcomes. The
substantial discrepancy between Diamond et al. (2007) and Farran and Wilson (2014) has
generated considerable methodological debate, with commentators noting potential



differences in implementation fidelity, demographic differences between samples, and the
challenge of sustaining curriculum fidelity at scale (Farran et al., 2017).

A 2021 meta-analysis of cognitive interventions for preschoolers (Araujo et al., 2021;
PM(C8505290) examined whether cognitive interventions reduce ADHD and externalizing
symptoms and found that interventions targeting EF in preschool populations produced
moderate improvements in EF (g = 0.45) but more limited effects on ADHD symptom
ratings, with TotM-type curriculum approaches showing greater ecological validity
(generalization to classroom behavior) than isolated computerized training formats.

Cultural Context

TotM was developed from Vygotskian theory, which has cultural-historical roots and an
implicit emphasis on the socially situated nature of all learning. The curriculum has been
implemented in diverse U.S. urban settings, and some published evaluations have included
predominantly low-income and minority populations (Diamond et al., 2007 included a
predominantly Black and low-income sample). However, the program has not been
formally culturally adapted for specific non-Western populations, and its reliance on a
particular mode of structured play may reflect culturally specific assumptions about
children’s learning and role-playing norms.

GRADE Certainty Rating: Low — TotM has foundational RCT support (Diamond et al,,
2007) for EF gains at the kindergarten level, but the large-scale replication failure (Farran
& Wilson, 2014) substantially reduces confidence in its effects. Evidence specifically for
ADHD-diagnosed samples is indirect. Confidence in effects for ADHD learners specifically
remains low.

4.4 Program Profile: Daily Report Card
Overview and Theoretical Basis

The Daily Report Card (DRC) is a school-based behavioral intervention approach in which
teachers provide brief, structured daily feedback to students (and parents) regarding
specific target behaviors identified as problematic for that student (Fabiano et al., 2010;
Pelham et al., 2011). Unlike interventions that target the underlying cognitive architecture
of EF through training, the DRC functions as an external behavioral scaffold—it
operationalizes behavioral expectations into clearly defined, observable targets, provides
immediate and specific feedback at the end of each class period or school day, and links
school behavior to a home-based reward system. The DRC is grounded in behavioral
learning theory (operant conditioning, stimulus control) and is consistent with the ADHD-
specific behavioral contingency management literature, which demonstrates that children
with ADHD are particularly responsive to immediate, specific, and salient consequences
(Pelham & Fabiano, 2008).

Typical DRC targets for children with ADHD include completing class assignments (e.g.,
“Completed 80% of work assigned”), following classroom rules (e.g., “Stayed in seat during
direct instruction”), and engaging in positive peer interactions. Daily scores are



communicated to parents via a brief reporting form (paper or electronic), and home
reward systems provide positive reinforcement contingent on meeting established goals.

Efficacy Evidence

The DRC has been identified as one of the most robust and consistently supported
behavioral interventions for ADHD in school settings by independent evidence reviewers.
The American Academy of Pediatrics (2019) practice guidelines and the Society of Clinical
Child and Adolescent Psychology (SCCAP) recognize contingency management, including
DRC-type approaches, as a well-established, evidence-based treatment for ADHD (Evans et
al., 2018).

A foundational series of studies by Fabiano and colleagues (Fabiano et al., 2010; Fabiano et
al,, 2021) established the efficacy of the DRC in reducing inattention and disruptive
behavior in elementary school children with ADHD across multiple classroom contexts. An
ongoing large-scale trial (ClinicalTrials.gov NCT03747887) was examining the utility of
DRC-enhanced IEPs for children with ADHD, building on Fabiano et al.’s (2010) Goal 2
findings.

A comprehensive meta-analysis of school-based behavioral interventions for ADHD
(DuPaul et al,, 2012; updated by Evans et al., 2018) found effect sizes in the moderate-to-
large range (d = 0.60-0.90) for contingency management approaches, including DRC-type
systems, on measures of classroom behavior and academic productivity, with effects well-
replicated across diverse samples and settings.

Importantly, the DRC addresses far-transfer outcomes more directly than most
computerized training programs, because it targets actual classroom behavioral
functioning (assignment completion, rule-following, peer relations) rather than laboratory

EF performance. In this sense, the DRC’s “outcomes” are themselves the real-world
functional objectives that other interventions aim to reach through near-transfer chains.

Limitations

The DRC requires sustained teacher investment, ongoing parent-school communication,
and careful individualization of targets. Fidelity to DRC procedures is variable in
naturalistic school settings, and effects diminish when implementation quality declines
(Fabiano etal., 2021). The DRC does not build independent self-regulatory skills; its
benefits depend on the continued presence of the external contingency system, raising
questions about the sustainability of effects after withdrawal of the program.

Cultural Adaptation

DRC approaches have been evaluated in racially and ethnically diverse samples, and their
behavioral-contingency mechanics are theoretically compatible with adaptation for diverse
family contexts. Some evidence exists suggesting that parent engagement in home reward
components can be culturally adapted with modest modifications to emphasize family
values, communication preferences, and culturally relevant reward structures (Evans et al,,
2018). However, formal cultural adaptation studies of the DRC are limited.



GRADE Certainty Rating: Moderate — The behavioral DRC has accumulated substantial
RCT evidence with consistent moderate-to-large effects on classroom behavioral outcomes.
Confidence is moderated by questions of long-term maintenance and generalization after
program withdrawal.

4.5 Program Profile: Organizational Skills Training (OST)
Overview and Theoretical Basis

Organizational Skills Training (OST), developed over two decades by Howard B. Abikoff,
PhD, and Richard Gallagher, PhD, at the NYU Child Study Center, represents a skills-
building approach that directly targets the organizational, time-management, and planning
(OTMP) deficits that constitute a major source of academic and functional impairment for
children with ADHD (Gallagher et al., 2014; Abikoff & Gallagher, 2012). OST rests on the
premise that children with ADHD are not simply behaviorally dysregulated but genuinely
skill-deficient in the specific executive capacities required for academic organization—they
have not acquired the procedural knowledge and automatic behavioral routines that
support material management, task initiation, and homework completion, and teaching
these skills directly and systematically can reduce functional impairment even in the
context of continuing ADHD symptoms.

The clinic version of OST (OST-C), manualized in Gallagher, Abikoff, and Spira (2014),
involves 20-21 individual child treatment sessions delivered twice weekly over 10 weeks,
supplemented by 8-9 parent sessions and teacher consultation. Sessions teach
organizational skills, time management, and planning through behavioral shaping and
positive reinforcement, breaking targeted skills into discrete, teachable step sequences.
Parents and teachers are trained to prompt and reward the use of these skills in natural
settings, providing ecological validity through real-world generalization support.

Efficacy Evidence

The strongest evidence for OST comes from a large-scale (n = 158), NIMH-funded RCT
conducted by Abikoff et al. (2013) in children with ADHD in grades 3-5. Participants were
randomized to OST-C, a parent training and contingency management condition (PTCM), or
a waitlist control. OST-C demonstrated significantly greater improvement than both PTCM
and waitlist on the Children’s Organizational Skills Scales (COSS), the primary outcome
measure assessing OTMP functioning. Effect sizes for OST-C versus waitlist were large
(Cohen’s d = 0.90-1.10 for primary OTMP outcomes). Importantly, OST-C also produced
significant improvements in homework completion, in-school productivity, and family
relationship quality compared to waitlist, demonstrating ecologically valid far-transfer to
real-world functioning.

Subsequent trials have examined OST in school-delivered (Tier 2) formats, including a
group-based school version (OST-S) that increases feasibility and scalability. Gallagher et
al. (2020) evaluated OST-S in a small RCT comparing it to a behavioral organizational
management comparison condition across 4 schools, finding significant gains for OST-S on



OTMP outcomes with modest effect sizes (d = 0.50-0.60) that are consistent with expected
attenuation when moving from clinic to naturalistic school delivery.

Durability

Follow-up data from Abikoff et al. (2013) indicate maintenance of OTMP gains at 3-month
follow-up, with continued improvement in some domains through 9 months. Whether
effects persist after 12 months has not been conclusively established.

Cultural Adaptation

OST has been implemented in diverse urban school samples in New York City. No formal
cultural adaptation has been published, though the behavioral skills-training format of OST
(concrete skill instruction with practice and reinforcement) is theoretically robust across
cultural settings. The reliance on parent involvement and home practice routines may
require culturally sensitive adjustment for families with different organizational styles,
homework norms, or parent availability.

GRADE Certainty Rating: Moderate-to-High — OST is supported by a well-conducted
NIMH-funded RCT with a reasonable sample size, active comparator, and ecologically valid
outcome measures. Effects on OTMP outcomes specifically are consistently large.
Downgraded from High due to limited replication by independent research teams, limited
long-term follow-up data, and lack of cultural adaptation evidence.

4.6 Program Profile: Mindfulness-Based Interventions
Overview and Theoretical Basis

Mindfulness-based interventions (MBI) for ADHD adapt meditation and contemplative
practices—including focused attention (FA) meditation, open monitoring (OM) meditation,
loving-kindness practices, and mindful movement—for delivery to children and
adolescents in clinical, school, and family contexts. Programs include Mindfulness-Based
Cognitive Therapy for Children (MBCTc; Semple & Lee, 2011), Mindful Schools (a school-
based curriculum), MYMind (a parallel parent-child mindfulness program; van der Oord et
al,, 2012), and adapted versions of MBSR for youth.

The theoretical rationale for MBI in ADHD connects directly to both cool and hot EF
constructs. Focused attention meditation, in which practitioners repeatedly redirect
wandering attention back to a focal point (e.g., the breath), provides direct training in the
metacognitive monitoring and voluntary attentional control that are impaired in ADHD
(Jha etal.,, 2007). Open monitoring meditation cultivates the capacity to observe the
content of awareness without immediate behavioral reaction—an analog of the inhibitory
control central to Barkley’s framework. Mindfulness practices also target the self-
regulation of affect and motivation that constitutes the “hot” EF dimension of ADHD
impairment, and there is growing evidence that regular mindfulness practice produces
measurable changes in prefrontal cortical thickness, amygdala reactivity, and default mode
network connectivity (Holzel et al.,, 2011).



Efficacy Evidence

A meta-analysis of MBI effects in children and adolescents with ADHD (Mak et al., 2018;
PM(C9690476) synthesized 23 RCTs and found a moderate pooled effect of g=0.77 on
parent-rated ADHD symptoms, g = 0.43 on child-reported mindfulness, and g = 0.40 on
parent stress. These are clinically meaningful effect magnitudes, though the meta-analysis
was characterized by high heterogeneity across studies.

A 2023 meta-analysis of meditation-based mind-body interventions (including
mindfulness, Tai Chi, yoga, and Qigong) in people with ADHD, published in the Journal of
Attention Disorders (Zhang et al., 2023; Sage), found a significant positive effect on
executive function (g = 0.35, small), as well as small effects on inattention (g = 0.26) and
hyperactivity /impulsivity (g = 0.19). These effect sizes for EF are smaller than those
observed for near-transfer effects of WM training, but arguably more ecologically
meaningful because the outcomes assessed are real-world behavioral ratings rather than
laboratory EF task performance.

A 2026 Bayesian meta-analysis of MBI for children and adolescents with ADHD (Frontiers
in Psychology; frontiersin.org) provided updated estimates and found that MBI produced
credible positive effects on ADHD symptoms and emotional regulation, with the Bayesian
framework providing more stable estimates in the face of the heterogeneous trial evidence.
Parallel parent MBI components (training parents in mindfulness alongside children) were
associated with stronger child outcomes in several trials, suggesting that family-systemic
delivery enhances efficacy.

A comparative efficacy trial protocol was identified examining OST versus MBI directly
(ClinicalTrials.gov NCT07281092), suggesting active interest in head-to-head comparison
of behavioral skills training and mindfulness approaches—data from this trial will be
important for future comparative analyses.

Cultural Adaptation

Mindfulness practices have cultural roots in Buddhist and other contemplative traditions
across Asia, and their adaptation for Western clinical populations has itself been described
as a cross-cultural translation process (Kabat-Zinn, 1990). Several culturally adapted MBI
programs have been developed for Latino/Hispanic families (e.g., Mindfulness-Based Stress
Reduction for Latinos with ADHD) and for South Asian families, though these adaptations
have not been subjected to the same level of RCT evaluation as the standard protocols.
Important considerations in cultural adaptation include: secular framing for religiously
diverse or secular families; culturally resonant metaphors and practices; adjustment of
home practice intensity for families with limited discretionary time; and family and
community-level engagement that reflects collectivist cultural values.

GRADE Certainty Rating: Moderate — MBI for ADHD has accumulated a meaningful RCT
evidence base with consistent moderate effects on parent-rated ADHD symptoms.
Downgraded from High due to substantial heterogeneity across trials, variable blinding
quality, and lack of consistently demonstrated long-term maintenance. Evidence for direct
EF outcomes is of lower certainty than evidence for symptom ratings.



4.7 Program Profile: Neurofeedback
Overview and Theoretical Basis

Neurofeedback (NFB), also known as EEG biofeedback, is a non-invasive neuromodulation
approach in which participants receive real-time visual or auditory feedback about their
own brainwave activity, with the goal of learning to self-regulate neural oscillatory
patterns implicated in ADHD. The most common neurofeedback protocols for ADHD target:
(a) theta/beta training, which aims to reduce slow theta wave activity (4-8 Hz; associated
with inattentiveness and drowsiness) and increase fast beta activity (15-18 Hz; associated
with focused attention); and (b) slow cortical potential (SCP) training, which trains
voluntary regulation of cortical excitability. A third protocol, live Z-score training, aims to
normalize deviations from age-normative brainwave patterns in real time.

The neural rationale for NFB in ADHD rests on evidence that children with ADHD
demonstrate elevated theta/beta ratios and altered cortical excitability patterns in
electroencephalographic (EEG) recordings, though the specificity and reliability of these
patterns have been debated (Loo & Makeig, 2012; Arns et al., 2013). The hypothesis is that
training voluntary regulation of these neural patterns will produce downstream
improvements in attentional control, behavioral inhibition, and EF. Neurofeedback
requires specialized equipment, trained clinicians, and 30-40 sessions typically delivered
across 3-4 months, making it among the most resource-intensive non-pharmacological
interventions reviewed in this dissertation.

Efficacy Evidence

A systematic review and meta-analysis published in Scientific Reports (2025; nature.com)
examined 17 RCTs totaling 939 participants and observed significant improvements in
global executive function (p < 0.055), inhibitory control (p < 0.0001), and working memory
(p < 0.05) following neurofeedback training. This represents a meaningfully positive signal
from the meta-analytic literature.

However, a critical counter-finding is consistently reported when studies use genuinely
active comparison conditions (rather than waitlist controls). A systematic review of 17
trials including 1,211 participants found no significant benefit of neurofeedback compared
to other active treatments or active control conditions (Cortese et al.,, 2016; Sonuga-Barke
et al,, 2013). The Sonuga-Barke et al. (2013) meta-analysis introduced a methodological
distinction that has been influential in evaluating NFB: “probably blinded” assessor ratings
(using raters unaware of condition assignment) showed significantly smaller
neurofeedback effects than unblinded assessments, suggesting that a substantial portion of
observed effects in the NFB literature may reflect non-specific expectancy and demand
characteristics rather than genuine treatment effects on EF.

A 2024 network meta-analysis of neurofeedback interventions for ADHD in children (Brain
and Behavior; Wiley, PMC11664034) provided comparative data on theta/beta training,
SCP training, and live Z-score training versus each other and active comparators. Results



suggested that SCP training may be more efficacious than theta/beta training for
inattention outcomes, though confidence intervals were wide and the certainty of evidence
was rated as low for all comparisons.

Durability

A systematic review of sustained effects of neurofeedback in ADHD (Cortese et al., 2019;
PMC6404655) found that neurofeedback effects were partially maintained at follow-up
periods ranging from 2 to 24 months, with greater durability of effects compared to
stimulant medication (which returns to baseline after cessation). This durability advantage,
if confirmed by further blinded research, represents a meaningful practical benefit of NFB.

Cultural Adaptation

No published culturally adapted NFB protocols were identified for non-Western
populations. Cost and access barriers are particularly pronounced for neurofeedback, given
its equipment and personnel requirements, which substantially limit its scalability in
under-resourced educational and clinical settings.

GRADE Certainty Rating: Low — Neurofeedback demonstrates significant effects in
unblinded assessments, but effect sizes are substantially reduced under blinded conditions,
introducing serious concern about bias. The 2025 meta-analytic signals are promising but
require replication in rigorously blinded, adequately powered trials before confidence can
be upgraded.

4.8 Program Profile: Structured Physical Exercise Programs
Overview and Theoretical Basis

The role of physical exercise as a cognitive enhancer—particularly for EF—has generated
substantial research interest over the past decade, supported by converging evidence from
human neuroimaging, animal models, and behavioral intervention studies. Proposed
mechanisms through which exercise exerts EF-enhancing effects include: increased
cerebral blood flow to the prefrontal cortex; upregulation of catecholamine
neurotransmission (dopamine and norepinephrine) in fronto-striatal circuits—precisely
the neurochemical systems implicated in ADHD; brain-derived neurotrophic factor (BDNF)
upregulation promoting neuroplasticity and synaptic connectivity; and reduced systemic
inflammation associated with aerobic fitness (Ratey & Hagerman, 2008; Hillman et al,,
2009).

For children with ADHD, the neurobiological overlap between exercise-induced
catecholamine release and stimulant medication action is particularly striking, suggesting
that regular aerobic exercise may partially mimic pharmacological mechanisms via
endogenous catecholamine upregulation (Pontifex et al., 2013). Exercise interventions for
ADHD have been examined in a variety of modalities, including chronic aerobic exercise
programs (running, cycling, swimming), acute bouts of aerobic exercise preceding



academic tasks, martial arts and yoga protocols, open-skill sports (requiring rapid
decision-making and adaptation), and resistance training.

Efficacy Evidence

A 2023 meta-analysis published in PLOS ONE (Song et al., 2023; PMC10434964)
synthesized 24 trials involving 914 children and adolescents with ADHD and found
significant positive effects of physical activity interventions on inhibitory control (SMD =
-0.50; 95% CI [-0.71, -0.29]), working memory (SMD = -0.50; 95% CI [-0.83, -0.16]), and
cognitive flexibility (SMD = -0.45; 95% CI [-0.81, -0.09]). These effect sizes in the small-to-
moderate range are consistent across the three core EF components, representing a
meaningfully broad profile of EF benefit.

A network meta-analysis published in 2022 (PMC10080114) reviewed 59 studies
published between 1983 and 2022, including 44 studies with 1,757 participants eligible for
meta-analysis, comparing multiple exercise modalities for their effects on EF and ADHD
symptoms in children and adolescents. Results suggested that open-skill exercises
(activities requiring reactive decision-making and adaptation to unpredictable stimuli, such
as racquet sports, martial arts, or team ball sports) may confer greater cognitive benefits
than closed-skill exercises (activities with predictable, repetitive movement patterns, such
as running or cycling), potentially due to greater demands on cognitive flexibility and
inhibitory control during open-skill performance.

A systematic review published in BMC Public Health (2025; Springer Nature) specifically
examining exercise interventions on EF in school-aged children with ADHD included 16
RCTs and confirmed consistent small-to-moderate effects of structured exercise on all
major EF components, with adequate confidence to support exercise as a genuine EF-
enhancing intervention for this population.

A meta-analysis of aerobic exercise effects on EF in children with ADHD published in
PMC12398161 (2025) found consistent positive effects across multiple RCTs, with effect
sizes for inhibitory control in the range of d = 0.50-0.70.

Intensity, Duration, and Moderators

Available evidence suggests that both acute exercise bouts (a single session of aerobic
activity preceding cognitive testing) and chronic exercise programs (weeks to months of
regular exercise training) produce EF benefits, though the mechanisms and time courses
differ. Chronic programs appear to produce more sustained EF gains. Exercise intensity
appears to be an important moderator, with moderate-to-vigorous intensity showing the
most consistent effects. Duration of individual exercise sessions of at least 20-30 minutes
appears necessary for reliable EF effects.

Cultural Considerations

Exercise-based interventions offer favorable cross-cultural applicability: physical activity is
universally accessible, requires minimal specialized materials, aligns with diverse cultural
traditions of sport and movement, and can be embedded within existing school physical
education programs. Unlike computerized training programs or clinic-based protocols,



exercise can be scaled to low-resource settings. Culturally specific considerations include:
ensuring that exercise activities are culturally resonant and acceptable (e.g., martial arts
with cultural meaning for East Asian students; traditional dances for Indigenous students);
accommodating cultural norms regarding physical activity and gender; and adapting
supervision and programming for settings without access to gymnasiums or recreational
facilities.

GRADE Certainty Rating: Moderate Physical exercise for ADHD EF outcomes is supported
by multiple meta-analyses with consistent small-to-moderate effect sizes. Confidence is
moderated by heterogeneity across exercise modalities, dose parameters, and outcome
assessments, and by the absence of large-scale, blinded RCTs examining exercise as a
primary EF intervention. Nevertheless, exercise holds a particularly favorable safety and
equity profile relative to all other reviewed interventions.
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following table presents a structured comparison of the eight reviewed intervention
categories across key evaluative dimensions.

The



Chapter 5: Discussion
5.1 Interpretation Relative to Research Questions

RQ1 (Evidence base for each intervention): The evidence base varies considerably
across intervention categories. Cogmed has the largest body of RCT evidence for an
individual computerized program but the evidence is paradoxically less clinically
meaningful than its volume might suggest, due to consistent near-transfer/far-transfer
discordance. OST has a well-conducted NIMH-funded RCT with large effects on functionally
relevant outcomes. The DRC has broad replication across multiple studies with consistent
classroom-level benefits. Exercise has a large and growing evidence base with replicable
small-to-moderate effects across EF components. Neurofeedback has promising signals
that are substantially attenuated under blinded conditions. MBI has moderate evidence
quality with replicable effects on parent-rated ADHD symptoms.

RQ2 (Comparative effect sizes and evidence certainty): OST demonstrates the largest
far-transfer effects on its targeted functional domain (organizational, time management,
planning). Exercise demonstrates the most consistent small-to-moderate EF effects across
multiple EF components. The DRC demonstrates the largest behavioral effects in classroom
settings but is not designed to improve laboratory EF measures. Cogmed demonstrates the
largest near-transfer working memory effects but the weakest far-transfer profile. GRADE
certainty is highest for OST and DRC (moderate to moderate-high) and lowest for broad
CCT and neurofeedback (very low to low).

RQ3 (Far-transfer evidence): The most robust far-transfer findings are associated with
the DRC (classroom behavior and academic productivity) and OST (organizational
functioning, homework, family relations). Exercise approaches also show modest but
consistent effects on parent/teacher ratings of ADHD symptoms, suggesting real-world
behavioral generalization. MBI shows moderate far-transfer to parent-rated ADHD
symptoms. Cogmed'’s far-transfer to academic and behavioral outcomes is the weakest
profile given its large research base.

RQ4 (Cultural and linguistic adaptation): Cultural adaptation of EF interventions for
ADHD is among the most underdeveloped areas in the field. Physical exercise is inherently
the most cross-culturally adaptable intervention reviewed, requiring no cultural
translation of content. MBI has the most published cultural adaptation work, given its roots
in cross-cultural contemplative practices. The DRC is theoretically adaptable through
individualization of targets and reward systems. OST, Tools of the Mind, and all
computerized training programs have essentially no published cultural adaptation
evidence. This gap represents both a scientific and ethical deficit, given that ADHD is
substantially under-identified and under-treated in minority populations in part because of
the mismatch between available interventions and cultural contexts (Slobodin & Masalha,
2020).

RQ5 (Feasibility, cost, and public health scalability): From a public health standpoint,
exercise (when embedded in school physical education) and the DRC (when supported by
teacher training and home-school communication infrastructure) represent the most



scalable approaches, combining low cost, high feasibility, and evidence of real-world
behavioral impact. OST is moderately scalable in group-based school-delivered formats.
Cogmed and neurofeedback face significant barriers to population-level implementation
due to cost and access requirements.

5.2 Near-Transfer vs. Far-Transfer: The Central Tension

The most important and persistent finding across the reviewed literature is the near-
transfer/far-transfer discordance, particularly for computerized training approaches. This
discordance has profound practical implications: a program that reliably improves
performance on the specific tasks it trains (near-transfer) but does not improve the child’s
daily functioning at school and home (far-transfer) may represent a scientifically
interesting demonstration of neural plasticity without offering meaningful clinical value.

Several theoretical frameworks have been proposed to explain this discordance. Melby-
Lervag and Hulme (2013) argue that working memory training improves performance
through task-specific strategy acquisition and procedural learning rather than through
enhancement of underlying WM capacity, predicting the absence of far-transfer. Gathercole
etal. (2019) counter that WM training can improve underlying WM capacity under certain
conditions, but that the real-world functional constraints on children with ADHD are
multidetermined and WM capacity is only one of several limiting factors, such that even
genuine WM capacity improvement may be insufficient to produce clinically noticeable
behavioral change.

The near-transfer/far-transfer tension ultimately reinforces the ecological logic of
interventions like OST and the DRC, which target real-world functional competencies
directly rather than attempting to improve underlying cognitive capacities in the hope that
functional gains will follow. Both perspectives have merit, and the most defensible clinical
approach may be to combine near-transfer capacity training (for neuroplastic scaffolding)
with real-world skills training and behavioral contingency management (for functional
generalization)—a multi-component strategy that is increasingly reflected in current
clinical recommendations (Wilens et al., 2024).

5.3 Public Health Framing and Implementation Science Considerations

From a public health standpoint, the evaluation of EF interventions for ADHD cannot be
confined to efficacy under tightly controlled conditions. Implementation science
frameworks—including the Consolidated Framework for Implementation Research (CFIR)
and the Active Implementation Frameworks (AIF)—highlight the importance of evaluating
interventions across multiple stages: efficacy (does it work under controlled conditions?),
effectiveness (does it work in real-world settings?), dissemination (can it be spread?),
implementation (can it be delivered with fidelity at scale?), and sustainability (can it be
maintained over time?).

Several of the reviewed interventions demonstrate robust efficacy evidence but limited
effectiveness and implementation data. Cogmed, for instance, was evaluated in RCTs with
careful procedural support, but real-world uptake, adherence, and outcome data from
naturalistic settings are limited. Implementation barriers include cost, parent motivation to



supervise daily computer sessions, and the absence of school-based support structures for
home-based programs.

OST and the DRC have more favorable implementation profiles because they embed within
existing school structures (teacher-student interaction, homework systems, school-parent
communication), leverage established behavioral management infrastructure, and require
training investments that are proportionate to other school professional development
activities.

A critical public health equity dimension concerns differential access across socioeconomic,
racial, and linguistic groups. Children from low-income families and from racial/ethnic
minority backgrounds are: (a) less likely to receive a timely ADHD diagnosis; (b) less likely
to receive pharmacological treatment; (c) less likely to have access to expensive
computerized training programs or neurofeedback; and (d) underrepresented in ADHD
intervention trials (Danielson et al., 2022; Slobodin & Masalha, 2020). Prioritizing scalable,
low-cost, school-embeddable interventions (exercise, DRC, OST school version) represents
an equity-responsive approach to ADHD EF intervention at the population level.

5.4 Cultural and Linguistic Adaptation

Cultural and linguistic adaptation of evidence-based interventions is grounded in a
framework articulated by Bernal et al. (2009) that identifies eight dimensions along which
adaptation can be operationalized: language (translation and language proficiency
considerations), persons (matching of therapist/trainer background), metaphors (cultural
symbols and analogies that resonate with the target community), content (values, customs,
and norms specific to the cultural group), concepts (theoretical constructs meaningful
within the cultural framework), goals (culturally defined outcomes valued by the
community), methods (processes and channels of intervention delivery preferred by the
community), and context (historical, social, political, and environmental factors shaping the
experience of the target population).

ADHD conceptualization itself varies cross-culturally, with some cultural communities
attributing inattentive and hyperactive behaviors to spiritual factors, willful misbehavior,
or variations in learning style rather than neurodevelopmental difference (Slobodin &
Masalha, 2020). Engagement with EF intervention programs therefore requires culturally
competent psychoeducation that honors community explanatory models while providing
accurate neurodevelopmental information. Cross-cultural variations in EF development
and impairment in ADHD have been documented (Zhang et al., 2026; JCPP Advances),
suggesting that normative expectations and assessment benchmarks may require cultural
calibration.

For mindfulness-based interventions, cultural adaptation must attend to the potential
discomfort of practitioners with secular framing of what may be perceived as religious
practices (or, conversely, the discomfort of practitioners with the original Buddhist framing
in secular programs). Family-systemic MBI formats may require adaptation of family
participation expectations, session scheduling, and home practice recommendations for
families with intensive work demands, extended family structures, or different childrearing
norms.



For OST and DRC, home-based components (parent reward systems, organizational tools)
require adaptation to the material circumstances and household routines of diverse
families. Skills around “binder organization” and “homework schedules,” for example,
presuppose certain material conditions (a dedicated study space, a planner, a school bag)
that are not universally available. Culturally responsive adaptation would identify
functionally equivalent substitutes for families where these material preconditions are
absent.

5.5 Decision Tool for Practitioners

The following framework is designed as a practitioner decision tool to guide the selection
among EF intervention categories based on child and context characteristics.

Step 1: Identify the Primary Functional Impairment Domain

e Organizational chaos (lost materials, missed deadlines, homework difficulties) —
Prioritize OST; supplement with DRC

e Classroom behavioral dysregulation (off-task, disruptive, incomplete work) — Prioritize
DRC; consider MBI for self-regulation component

e  Foundational self-regulation in preschool/kindergarten — Consider Tools of the Mind
as classroom-embedded approach

e  Emotional dysregulation and stress co-morbidity — Prioritize MBI; consider exercise
for mood/emotion regulation secondary benefits

e  General EF fitness and low-cost scalable supplement — Incorporate structured
exercise into school schedule

e  Parent preference for technology-mediated training with monitoring capability —
Cogmed is an option with explicit expectation management regarding far-transfer
limitations

Step 2: Assess Implementation Context

e School-based delivery with teacher support — DRC, OST-school version, exercise (PE),
Tools of the Mind (preschool)

e  C(linic-based individual treatment — OST-C, MBI (clinic group), Cogmed (home-based
with clinic support)

e  Low-resource setting with limited specialist access — Exercise, DRC (teacher and parent
training primary)

e  Family preference for minimal medication and maximum autonomy — OST, MB],
exercise as combination package

Step 3: Apply GRADE Evidence Certainty

Use the comparative matrix to communicate evidence certainty transparently to families
and IEP teams: “The evidence for this approach is Moderate, meaning we are reasonably
confident in these results but acknowledging that future research could change our
conclusions.”

Step 4: Monitor and Adjust



Select valid outcome measures matched to the targeted functional domain before
intervention begins. Implement for a pre-specified trial period (8-12 weeks minimum).
Assess outcomes using parent and teacher ratings supplemented by school performance
data. If insufficient response after 12 weeks, consider combination approaches or
adjustment of delivery parameters.

5.6 Implications for School-Based Practice
The reviewed evidence supports several specific implications for school-based practice:

1. Multi-tiered systems of support (MTSS) integration: The DRC is highly appropriate
as a Tier 2 school-based intervention, implemented with teacher training and school-
home communication support. OST-school version is appropriate for Tier 2
implementation for students with demonstrable OTMP deficits. Exercise enhancement
of school physical education programs is appropriate as a universal Tier 1 strategy.

2. IEP goal alignment: EF-related goals in [EPs should be articulated in terms of
functional behavior and academic performance (consistent with the OST and DRC
target domains) rather than in terms of laboratory cognitive constructs (e.g., “improve
working memory capacity”), which may not generalize to functional outcomes.

3. Family engagement: Programs with demonstrated far-transfer (DRC, OST) rely
substantially on family engagement. Schools should invest in culturally responsive
family engagement strategies, including bilingual communication, flexible meeting
times, and community liaison roles.

4. Teacher training: Both DRC and OST-school version require initial teacher training
and ongoing consultation. Embedding these training investments in multi-year
professional development plans is more sustainable than isolated workshop-based
training.

5. Realistic expectations for technology-based programs: Schools and families should
be informed that computerized WM training programs like Cogmed are unlikely to
produce behavioral classroom improvements in isolation and should not be promoted
as stand-alone treatments for ADHD EF challenges.

Chapter 6: Conclusion

6.1 Summary of Findings

This systematic comparative review evaluated eight categories of non-pharmacological EF-
targeted intervention for learners with ADHD, applying PRISMA-aligned search
methodology and GRADE evidence certainty ratings to generate a comprehensive, critically
appraised synthesis. The principal findings are as follows:

No single intervention demonstrates clear superiority across all relevant EF and functional
outcome domains. The dichotomy between near-transfer and far-transfer effects is the



most clinically consequential pattern across the reviewed evidence: computerized training
approaches reliably improve performance on trained tasks but show inconsistent
generalization to academic, behavioral, and daily functional outcomes; behavioral and
skills-based approaches (DRC, OST) directly target real-world functional outcomes with
moderate-to-large effects; and exercise and mindfulness-based interventions offer
meaningful, ecologically valid EF and behavioral benefits with favorable safety and
scalability profiles.

Organizational Skills Training and the Daily Report Card hold the strongest combined
profiles of evidence certainty and ecological validity for school-age children. Physical
exercise holds the strongest profile for universal and equity-responsive implementation.
Mindfulness-based interventions offer meaningful benefits for children with significant
emotional and self-regulatory co-morbidities. Cogmed may be appropriate as a
supplementary component for children whose primary functional barrier is genuine WM
capacity limitation, with explicit expectation management regarding its modest far-transfer
profile. Neurofeedback’s evidence base warrants caution given the substantial attenuation
of effects under blinded conditions.

Cultural and linguistic adaptation of all reviewed programs is critically underrepresented
in the published literature, constituting a significant equity gap in the field. Physical
exercise and the DRC (with culturally responsive implementation) offer the most
inherently adaptable platforms for diverse populations.

6.2 Implications for Policy and Practice

At the policy level, public health and educational systems investing in ADHD EF
intervention should prioritize: (a) integration of evidence-based behavioral and skills-
training approaches (DRC, OST) into school-based multi-tiered support frameworks; (b)
enhancement of school physical education programs as a universal, low-cost EF-supportive
strategy; (c) investment in teacher and school psychologist training for DRC and OST
implementation; (d) cautious evaluation of commercial cognitive training program claims
against peer-reviewed evidence standards before school or clinic adoption; (e) funding of
culturally adapted intervention trials with adequate representation of racial, ethnic, and
linguistic minority populations; and (f) integration of ADHD EF intervention within
comprehensive public health frameworks addressing mental health, educational equity,
and childhood developmental support.

At the clinical practice level, the reviewed evidence supports a multi-modal, sequentially
personalized approach in which the selection of primary EF-targeted interventions is
driven by the child’s specific functional impairment profile, the implementation context
(school vs. clinic vs. home), family resources and preferences, and evidence certainty.
GRADE-informed evidence communication should be routine in shared decision-making
with families and IEP teams.

6.3 Directions for Future Research

The reviewed evidence points to several priority research directions:



1. Adequately powered, blinded comparative RCTs examining OST, MBI, exercise, and
DRC in head-to-head comparisons, with outcome batteries including both laboratory
EF measures and ecologically valid functional outcomes.

2. Dismantling designs to identify active ingredients within multi-component programs
(e.g., which specific elements of OST or MBI drive functional improvements).

3. Long-term follow-up studies (12-36 months post-treatment) for all intervention
categories, assessing maintenance and identifying predictors of sustained benefit.

4. Cultural adaptation trials developing and evaluating culturally and linguistically
adapted versions of OST, DRC, MBI, and exercise programs for Hispanic/Latino,
Black/African American, Indigenous, East Asian, and other underrepresented ADHD
populations.

5. Implementation science studies examining fidelity, sustainability, and scalability of
EF interventions when delivered at the population level within school districts,
community health centers, and diverse healthcare settings.

6. Combination therapy trials evaluating sequenced and combined approaches (e.g.,
exercise + OST, DRC + MBI, medication + OST) against single-intervention conditions
to identify optimal treatment packages for specific ADHD subpopulations.

7. Preschool prevention trials evaluating whether early EF-targeted intervention (e.g.,
Tools of the Mind variants with improved fidelity support) in at-risk populations can
modify the developmental trajectory of ADHD-related EF impairment.

8. Biomarker studies examining whether pre-treatment neuroimaging, EEG, or
neuropsychological profiles predict differential response to specific EF interventions,
enabling precision-medicine approaches to intervention matching.
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Appendices
Appendix A: PRISMA Flow Diagram (Narrative Description)

Identification: Electronic database searches of PubMed, PsycINFO, ERIC, and the Cochrane
Library yielded a combined pool of approximately 4,200 unique citations after
deduplication. Supplementary searches of WWC(, EEF, and the ADHD Evidence Project
added approximately 80 grey literature documents. Reference tracking of included meta-
analyses identified an additional 45 primary studies.

Screening: Title and abstract screening against PICOS criteria applied to the full citation
pool. Approximately 3,600 records were excluded at abstract screening based on: wrong
population (not ADHD or neurodevelopmental), wrong intervention (pharmacological only,
no EF focus), wrong study design (case report, narrative review without systematic
methods, opinion piece), or duplicate coverage of the same trial already identified through
a higher-quality meta-analysis.

Eligibility: Approximately 680 full-text articles were assessed for eligibility. Of these,
approximately 420 were excluded for: inadequate methodological rigor (uncontrolled pre-
post design with no comparator), outcome measures insufficient for EF appraisal (e.g.,
measures of ADHD symptom severity only with no performance-based EF component),
study population not matching criteria (adults only, healthy control population), or
insufficient English-language reporting.

Included: Approximately 260 primary studies and reviews were included in the qualitative
synthesis. For the purposes of this dissertation, the highest-quality meta-analysis per
intervention category was selected as the primary quantitative anchor for effect size
reporting, with primary studies used for context and supplementary data.

Appendix B: Risk-of-Bias Summary Table

Key Studies Key Studies
Intervention Dominant Risk- with Higher with Lower
Category of-Bias Concern Risk Risk
Cogmed WM Inadequate Klingberg et Melby-Lervag et
Training active control al. (2005) al. (2013) meta-
(inert placebo);  original trial; analysis with
unblinded several sensitivity
outcome replication analyses
assessment studies
Broad CCT Small samples; Most single- Lambez et

inadequate platform trials al. (2020)



Tools of the
Mind

Daily Report
Card

OST

Mindfulness-
Based

Neurofeedback

Physical Exercise

control;
heterogeneous
measures

Cluster
randomization
inflation;
implementation
fidelity variation

Unblinded
teacher ratings;
variable
implementation
fidelity

Limited
independent
replication;
single research

team primary
RCT

Unblinded
assessors; high
heterogeneity;
variable
protocols

Unblinded raters
generating large

spurious effects;

inadequate sham
control

Variable exercise
dose and type;
inadequate
blinding of
assessors

Farran & Wilson
(2014) large-
scale replication

Early Fabiano et
al. (2010)
studies

Gallagher et
al. (2020) school
version

Several small
single-site trials

Multiple early
theta/beta
studies

Small single-
institution trials

Appendix C: GRADE Summary of Findings Table

systematic
review

Diamond et
al. (2007)
original RCT

Evans et

al. (2018)
updated meta-
analysis

Abikoff et
al. (2013) NIMH-
funded RCT

Mak et al. (2018)
meta-analysis

Sonuga-Barke et
al. (2013)
“probably
blinded”
subgroup; Wu et
al. (2024)

Song et

al. (2023) PLOS
ONE meta-
analysis (n=914)

Interventio Primary Effect
n Outcome Estimate Certainty Rationale
Cogmed WM  Working g= 091 @@oo Low Multiple
Training memory (Large) RCTs;
(near- downgraded
transfer) for active
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Training

Broad CCT
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(far-
transfer)
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functional
outcomes
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Small,
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control
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and
inconsistenc
y of far-
transfer

Inconsistenc
y across
studies;
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control
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us programes;
insufficient
independent
replication

One high-
quality RCT
undermined
by large-
scale
replication
failure

Multiple
consistent
RCTs;
ecologically
valid
outcomes

Large NIMH-
funded RCT;
ecologically
valid
outcomes;
limited
independent
replication
23+ RCTs;
downgraded
for
heterogeneit
y and



Mindfulness-
Based

Neurofeedba
ck

Neurofeedba
ck

Physical
Exercise

Physical
Exercise

Executive
function
(direct)

EF
(unblinded)

EF (blinded
assessors)

Inhibitory
control

Working
memory

g~0.35
(Small)

Moderate

Small

SMD = 0.50

SMD = 0.50

PPoo Low

PPpoo Low

PPpoo Low

bDbdo
Moderate
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blinding
concerns
Fewer direct
EF
outcomes;
small effect

Substantially
attenuated
under
blinded
conditions
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about
expectancy
inflation in
unblinded
studies

Multiple
meta-
analyses;
consistent
small-
moderate
effects

Replicated
across
multiple
independent
research
groups

Certainty symbols: @D DB High; BB E° Moderate; P00 Low; 000 Very Low

Appendix D: Program Profiles Quick-Reference Glossary

Cogmed Working Memory Training: Adaptive computerized WM training developed by
Klingberg et al. (Karolinska Institute); 25 sessions over 5 weeks; large near-transfer effects
on WM; inconsistent far-transfer to behavior/academics; GRADE: Low for functional

outcomes.

CogniFit / BrainTrain: Commercially available computerized cognitive training suites
with limited RCT evidence specifically for ADHD EF outcomes; GRADE: Very Low.



Tools of the Mind: Vygotskian early childhood curriculum embedding EF scaffolding
within sociodramatic play; demonstrated EF gains in kindergarten (Diamond et al.,, 2007);
replication failure at scale (Farran & Wilson, 2014); GRADE: Low.

Daily Report Card: School-home behavioral contingency management; teacher provides
daily behavioral feedback linked to home reward system; large consistent behavioral
effects; GRADE: Moderate.

Organizational Skills Training (OST): Skills-based intervention targeting OTMP deficits
in grades 3-5; NIMH-funded RCT (n=158) demonstrates large functional gains; school
version available; GRADE: Moderate-High for OTMP outcomes.

Mindfulness-Based Interventions: Meditation and contemplative practice adapted for
ADHD; MBCTc, MYMind, and related programs; moderate effects on parent ADHD ratings;
small EF effects; GRADE: Moderate.

Neurofeedback: EEG biofeedback targeting theta/beta ratios or slow cortical potentials;
moderate effects unblinded, small under blinded conditions; high cost; GRADE: Low.

Physical Exercise: Aerobic and open-skill exercise; small-moderate effects on all core EF
components; low cost; highly scalable; favorable equity profile; GRADE: Moderate.



