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Scope, rights, and educational boundary
Copyright © 2026 Tomer Avraham, PhD. All rights reserved.
Flow Hijacked is the project name. This edition may not be reproduced, redistributed, or adapted in full without permission, except
where applicable law permits brief quotation with attribution.
This publication is a scientific and educational lecture. It is not a diagnostic instrument, a substitute for a comprehensive clinical as-
sessment, or individualized medical, psychological, educational, occupational, or legal advice. ADHD cannot be established from a
scan, a single cognitive test, a social-media checklist, a subjective response to a stimulant, or the presence of concentration problems
alone. Diagnosis requires developmentally appropriate clinical evaluation, evidence of impairment, attention to onset and course, and
consideration of alternative or co-occurring explanations.
Medication is discussed at molecular, neural, cognitive, behavioral, and clinical levels. This discussion does not recommend a particular
medicine, formulation, dose, combination, initiation, continuation, or discontinuation for any individual. Treatment decisions require a
qualified prescriber who can consider age, cardiovascular status, sleep, appetite and growth where relevant, anxiety, mood, tics, substance-
use risk, psychosis ormania vulnerability, pregnancy, othermedicines, and the person’s goals and preferences. Abruptmedication changes
should not be made on the basis of this lecture.
Psychotherapy and behavioral interventions are discussed with the same seriousness as medication. Evidence for symptom reduction,
functional compensation, family or school effects, organizational skill, emotional regulation, and neural change is kept separate. A
plausible neural mechanism is not presented as demonstrated merely because an intervention is clinically useful.
The research substrate contains 531 deduplicated peer-reviewed records, including a 266-paper high-impact core selected through notable-
researcher and citation-impact gates, 218 records from 2022-2026, and 244 records carrying a contradiction, limitation, null result,
boundary condition, or alternative interpretation. These counts describe the acquisition system; they are not measures of certainty.
Highly cited work can be foundational and still methodologically limited. Recent work can be important and still await replication.
Gabor Maté and Huberman Lab are treated as public explanatory sources, not terminal scientific authorities. Consequential claims
are separated from phenomenological insight and traced, where possible, to primary research. The Maté passage-level audit remains
limited wherever a complete legally accessible text was unavailable. Guideline recommendations are distinguished from mechanistic
neuroscience.
All mathematical models in this lecture are explanatory and testable abstractions. They are not literal portraits of a person’s brain
and are not diagnostic models. In particular, the application of non-normal dynamics, pseudospectra, resolvent analysis, and transient
amplification to ADHD is identified as a Flow Hijacked hypothesis because direct ADHD evidence has not established those operators
or quantities.
Person-first and non-stigmatizing language is used throughout. Lived experience can illuminate meaning and stakes; it does not, by itself,
establish prevalence, mechanism, cause, prognosis, or treatment effect.
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Abstract
ADHD is usually introduced through inattention, hyperactivity, and impulsivity. Those features are clinically necessary, but they do not
exhaust the phenomenon. Many people can perform a demanding task well in one context and struggle to begin or sustain a modest
task in another. They may be highly distractible when reward is delayed yet remain intensely engaged when interest, urgency, novelty, or
immediate consequence is high. This variability is often misread as an absence of effort. Scientifically, it raises a different question: not
only how much attention a person has, but how cognition is allocated, assembled, stabilized, interrupted, recovered, and released across
time.
This lecture builds that question from the clinical phenotype outward. ADHD is treated as a heterogeneous neurodevelopmental condition
whose manifestations change with age, demands, compensation, sleep, stress, comorbidity, and environment. Executive dysfunction
overlaps with ADHD but is not synonymous with it. Nor does every concentration problem indicate ADHD: sleep deprivation, anxiety,
depression, PTSD, bipolar disorder, substance effects, autism, medical conditions, environmental overload, and technology-associated
fragmentation require their own assessment.
The neural account moves beyond a contest between a pathological Default Mode Network and a single Task-Positive Network. The
Default Mode Network supports adaptive internal cognition, including autobiographical memory, simulation, planning, and self-related
thought. Goal-directed behavior recruits changing coalitions involving frontoparietal control, dorsal and ventral attention, salience,
cingulo-opercular, corticostriatal, thalamocortical, cerebellar, motor, sensory, and memory-related systems. The important questions
therefore concern timing and coordination: which configuration is present, how stable it is, what changes transition probability, what
precedes a lapse, what enables re-entry, and what permits an appropriate switch when the task is complete.
Dynamic evidence is promising but incomplete. Some studies report differences in functional connectivity, state occupancy, dwell time,
transitions, response-time variability, oscillatory activity, or trial-wise stability of control representations. Findings differ by age, task,
analytic method, motion handling, medication history, and sample composition. There is no single diagnostic network signature, and
mean activation, BOLD variability, behavioral variability, EEG variability, and metastability are not interchangeable quantities.
Dopamine and norepinephrine are presented as context-sensitive modulators of gain, working memory, arousal, effort, learning, reward,
and action rather than as depleted fuel. The phrase “ADHD is low dopamine” captures the relevance of catecholamine systems but
overstates a distributed and regionally specific literature. Molecular target engagement does not prove a unitary cause. Methylphenidate
and amphetamine are not pharmacologically interchangeable; atomoxetine, guanfacine, clonidine, viloxazine extended release, bupropion,
and modafinil have distinct mechanisms, evidence bases, regulatory contexts, and risk profiles.
Treatment is analyzed across layers. Medication can reduce core symptoms for many people and can alter some neural measures, but
acute pharmaco-imaging findings do not establish durable normalization. Psychotherapy and behavioral treatment can modify cues,
habits, task structure, reinforcement, metacognition, emotion regulation, organizational systems, and recovery after interruption. Func-
tional improvement need not wait for proof of neural normalization. Combined treatment may be superior for some outcomes and
circumstances, yet the attractive idea that medication opens a neural “learning corridor” for psychotherapy remains more plausible than
directly demonstrated.
The final synthesis introduces the Task-State Viability Envelope (TSVE): the set of distributed cognitive and neural states from which
criterion-level performance on a specified task can remain viable, for a stated time horizon, under a stated perturbation regime and an
admissible control budget. It separates entry latency, stabilization, unwanted departure, recovery and re-entry, and adaptive release. The
Dual-Exit Principle proposes that resisting an irrelevant exit and executing a valid exit are different control achievements. Hyperfocus
can therefore be modeled not as unlimited attention, but as one possible lifecycle profile: easy capture and long dwell under high value,
potentially combined with slow release after the goal changes.
TSVE is a Flow Hijacked synthesis and research architecture, not a replacement diagnosis or established biomarker. Its value depends
on discriminating predictions, competing models, identifiable measurements, and falsifiers. The lecture concludes that ADHD is not
adequately described as simply too little attention. A deeper account is defensible when stated carefully: regulation of cognition across
competing configurations differs, on average and heterogeneously, with reward, salience, catecholamines, development, learning, sleep,
emotion, and environment altering the landscape. How those layers combine within an individual remains an open empirical question.
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Author’s note
Writing about inconsistency without turning it into blame
The ordinary difficulty at the center of this lecture can be especially cruel because ability remains visible. A person may know what must
be done, care about the consequence, possess the relevant skill, and still fail to begin at the intended time. On another day, or under a
different configuration of interest, urgency, novelty, sleep, support, and reward, the same person may perform with remarkable intensity.
Observers can convert that difference into a moral verdict: If you could do it then, you could have done it now. The verdict feels intuitive.
It is also scientifically inadequate.
I do not write these pages to replace one verdict with another deterministic story about the brain. A network explanation can become
dehumanizing when it is presented as destiny, and mathematical language can create false authority when its assumptions are hidden.
Equations in this lecture are used to make claims more explicit and more vulnerable to disconfirmation. They do not measure the worth,
intention, or effort of a person.
Nor do I want the lecture to become a contest between medication and psychotherapy. Medication is not evidence that a difficulty
was “merely chemical.” Psychotherapy is not evidence that neurodevelopmental differences were “only psychological.” Environmental
accommodation is not surrender, and a biological account does not eliminate agency. These interventions act at different layers and on
different timescales. A medicine may change the conditions under which a task becomes more reachable. A learned strategy may change
the route, cue structure, recovery policy, or cost of returning. A quieter environment may remove a perturbation that neither medicine
nor willpower should be expected to defeat continuously.
The evidence does not authorize a single story for everyone with ADHD. Developmental history, symptom pattern, sex and gender,
comorbidity, sleep, family and school context, work demands, medication exposure, resources, and opportunity all matter. Group dif-
ferences do not specify an individual’s trajectory. A useful model must leave room for heterogeneity, compensation, growth, and the
possibility that the same outward difficulty can arise through different processes.
I have therefore tried to make uncertainty visible rather than bury it in the references. Influential findings sit beside null results and
methodological critiques. The Default Mode Network is not cast as an enemy. Dopamine is not presented as a tank that is simply empty.
Hyperfocus is not romanticized, dismissed, or treated as proof against impairment. Public narratives are examined with respect for the
insight they may offer and with equal respect for the limits of evidence.
The deepest aim is practical and humane. Better explanation should reduce blame without erasing responsibility; widen options without
promising total control; and help us distinguish persistent attention from flexible, timely regulation of attention. The goal is not a person
who focuses continuously. It is greater freedom to enter, sustain, recover, and release cognition when life actually requires it.
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How to read the evidence
The lecture uses explicit labels so that a confident voice cannot silently turn a possibility into a fact.

EMPIRICAL RESULT
What the reported data directly show within the study’s sample, design, measures, comparator, and analysis. An empirical result can be
reliable without supporting the strongest interpretation attached to it.

AUTHORS’ INTERPRETATION
The explanation proposed by the investigators. It deserves accurate representation, but it remains distinct from the measured result.

SUPPORTED SCIENTIFIC INTERPRETATION
A conclusion supported across several studies or methods, with its heterogeneity and boundary conditions preserved. This category is
stronger than a single-study interpretation and weaker than a universal mechanism.

FLOW HIJACKED SYNTHESIS
An explicit integration of findings into the Flow Hijacked framework. It may be scientifically plausible and useful while remaining absent
from the original studies.

NEW HYPOTHESIS
A falsifiable proposal that current ADHD evidence has not established. TSVE formalization and the proposed relevance of non-normal
transient amplification enter this category whenever they exceed direct findings.

OPEN RESEARCH QUESTION
An uncertainty that available evidence cannot yet resolve. A good open question specifies the observation or comparison that would
change the conclusion.

COUNTEREVIDENCE
A serious null, negative, contradictory, or alternative result. Counterevidence is not a decorative caveat. It changes the confidence, scope,
or formulation of the claim.

CLINICAL BOUNDARY
A reminder that population evidence and mechanistic models do not determine an individual’s diagnosis or treatment plan.

Reading rules
• Association is not described as causation.
• Acute change is not described as long-term reorganization.
• A statistically significant group difference is not described as a diagnostic biomarker.
• “Normalization” is used only with a named measure, comparator, age group, task, and timescale.
• Lack of detected neural change is not equated with lack of clinical benefit.
• Symptom reduction is separated from executive function, academic or occupational function, relationships, emotional regulation,
safety, quality of life, and long-term outcome.

• Influence and reliability are graded separately. Citation count helps identify an intellectual backbone; it does not replace design
quality, replication, directness, or recency.
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The route through the lecture · I-VI
I. The paradox of available but unreliable attention
The lecture begins with the discrepancy between ability and reliable access to that ability. Task initiation, persistence, interruption, hyperfocus, and performance variability
create a problem that a simple capacity model cannot solve. The moral interpretation of inconsistency is separated from the scientific question.

II. What ADHD is - and what it is not
The diagnostic phenotype, impairment, presentations, comorbidity, and heterogeneity are established before neuroscience is introduced. ADHD symptoms are distinguished
from executive dysfunction, ordinary fluctuation, sleep loss, stress, anxiety, depression, PTSD, bipolar disorder, substance effects, autism, medical mimics, and technology-
associated fragmentation.

III. A developmental condition with a fluctuating course
Child, adolescent, and adult ADHD are not merged. Cortical, striatal, cerebellar, white-matter, and network development are examined alongside persistence, partial remission,
recurrence, compensation, late recognition, sex differences, and transitions in environmental demand.

IV. Causal architecture without destiny or blame
Heritability, common polygenic liability, rare variants, genetic correlation, prematurity, prenatal and environmental risks, adversity, stress, family context, attachment, and
socioeconomic conditions are considered without reducing ADHD either to genes or to childhood relationships. Etiology, present state, and treatment target remain different
questions.

V. Attention is not one faculty
Selection, vigilance, working memory, response inhibition, proactive and reactive control, prospective memory, task initiation, effort, delay, timing, mind wandering, switching,
and hyperfocus are decomposed into operations with different measures and failure modes.

VI. The network cast - beyond “default versus task-positive”
The Default Mode, frontoparietal control, dorsal and ventral attention, salience, cingulo-opercular, reward, corticostriatal, thalamocortical, cerebellar, motor, sensory, hip-
pocampal, and memory-related systems are introduced. A task is treated as a temporary configuration of systems, not the activation of one uniform network.

6



FLOW HIJACKED · ADHD INTO THE TASK

The route through the lecture · VII-XII
VII. From internal activity to goal-directed control
The historical default-mode interference hypothesis is recovered and then revised. The focus shifts to rest-to-task and task-to-rest transitions, frontoparietal representation,
dorsal-attention selection, salience and cingulo-opercular arbitration, reward valuation, lapse precursors, successful engagement, and spontaneous departure.

VIII. The brain across time - variability, states, and metastability
Mean activation gives way to response-time variability, BOLD and electrophysiological variability, dynamic connectivity, state occupancy, dwell, transition probability, hidden-
state models, trial-wise representational stability, local sleep-like activity, criticality, and metastability. Measurement differences and analytic flexibility remain visible.

IX. Why context can transform the same person
Reward timing, effort cost, novelty, emotional salience, interoception, arousal, sleep, circadian phase, stress, and task demand can change the same person’s performance.
Incentive-dependent improvement is not taken as proof that impairment was voluntary. Hyperfocus is examined as high capture, strong persistence, impaired release, or some
combination.

X. Dopamine and norepinephrine as control parameters
Dopamine synthesis, release, transporters, receptor families, regional pathways, tonic and phasic signaling, reward prediction, locus-coeruleus norepinephrine, alpha-2A sig-
naling, signal-to-noise, gain, and inverted-U relationships are connected to cognition without presenting ADHD as a global catecholamine deficiency.

XI. Pharmacological treatment - distinct molecules, distinct timescales
Methylphenidate, dexmethylphenidate, amphetamine formulations, lisdexamfetamine, atomoxetine, guanfacine, clonidine, viloxazine extended release, bupropion, and
modafinil are compared across mechanism, efficacy, function, age, dose, onset, coverage, adverse effects, discontinuation, and long-term uncertainty. Therapeutic use is
distinguished from diversion and nonmedical use.

XII. Medication as network modulation
Acute target engagement is separated from chronic adaptation. Evidence concerning the Default Mode Network, control and attention systems, salience and cingulo-opercular
function, reward circuitry, thalamic and cerebellar measures, EEG, connectivity, flexibility, dwell, responder differences, and prediction is examined without assuming that
every beneficial change is “normalization.”
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The route through the lecture · XIII-XVII
XIII. Psychotherapy, behavior, and the architecture around attention
ADHD-adapted CBT, metacognitive and organizational work, problem solving, emotion-regulation approaches, behavioral parent training, school interventions, psychoedu-
cation, motivational work, mindfulness, acceptance-based approaches, coaching, telehealth, digital therapeutics, cognitive training, and neurofeedback are graded by target,
symptom effect, functional effect, persistence, and neural evidence.

XIV. Psychotherapy and medication together - different layers of control
The limited direct psychotherapy-neuroscience corpus is separated from clinical evidence. Major multimodal trials and follow-ups are interpreted by outcome and timescale.
Complementarity, possible dose-sparing effects, and the proposed medication-enabled “learning corridor” are considered without claiming an unmeasured neural synergy.

XV. Public narratives and clinical authorities under audit
Gabor Maté’s developmental and relational account is treated with intellectual and humane seriousness while its causal claims about heredity, attachment, trauma, and healing
are graded against contemporary evidence. Huberman claims about networks, dopamine, stimulants, attentional blinks, visual focus, omega-3, modafinil, meditation, and
smartphones are mapped toward primary sources. Guidelines are compared as clinical recommendations, not mechanistic proof.

XVI. The contradiction chamber
The emerging account faces spatial nonconvergence, null findings, small and distributed effects, motion, medication history, vascular and preprocessing confounds, age and sex
differences, comorbidity, publication bias, reverse inference, analytic flexibility, and the absence of a single diagnostic biomarker. The synthesis is revised where the evidence
resists it.

XVII. Flow Hijacked synthesis - the Task-State Viability Envelope
Entry, stabilization, unwanted departure, recovery, re-entry, and adaptive release are integrated in a task- and context-specific state-space framework. Fast neural dynamics are
separated from slower learning and development. Metastability is used only where operationalized. Non-normality, pseudospectra, resolvent gain, and transient amplification
are presented as explicit hypotheses. The part ends with predictions, competing explanations, falsifiers, and a humane answer to the governing question.
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The governing logic
The question held constant
What happens when a brain must repeatedly move from internally generated activity into stable, goal-directed control - and why
is that transition different in ADHD?
The question does not presuppose a single transition deficit. It organizes measurements that are too often studied separately.

The cumulative argument
1. A capacity-only account cannot explain large context-dependent variation.
2. The clinical object must be defined before neural mechanisms are assigned to it.
3. Development and multiple causal routes constrain every adult or cross-sectional interpretation.
4. “Attention” decomposes into operations that recruit different systems.
5. Goal-directed cognition is a temporary distributed configuration, not one network switching on while another switches off.
6. Timing, stability, perturbation, and transition may reveal information hidden by mean activation.
7. Reward, salience, arousal, sleep, emotion, and catecholamines alter the operating regime.
8. Medication, psychotherapy, behavior, and environment act at partly different layers and timescales.
9. Null results and methodological limits narrow the permissible synthesis.

10. TSVE converts the remaining synthesis into definitions, measurements, predictions, and falsifiers.

Questions repeated at every level
• Which system or configuration is active, and in relation to which task and time point?
• How readily is the configuration entered?
• How stable is criterion-level performance once entered?
• What internal or external perturbation changes the probability of departure?
• How quickly and at what cost can the system recover?
• Can it release efficiently when the goal changes?
• What is trait-like, what is state-dependent, and what changes with development?
• What changes under medication, psychotherapy, training, environmental modification, sleep, or reward?
• Is the evidence direct, inferred, synthesized, hypothetical, or still absent?

Claim boundary
The lecture can establish that ADHD is clinically and biologically heterogeneous, developmental, strongly heritable at the population level,
associated with distributed and variable cognitive/neural differences, and responsive on average to several evidence-based treatments.
It can support a coordination-and-regulation interpretation across multiple literatures. It can propose TSVE as a coherent research
architecture. It cannot establish one neural cause, one diagnostic network signature, a universal lifecycle profile, a direct non-normal
ADHD operator, or an individualized treatment prediction from the presented neuroscience.
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THE PARADOX OF AVAILABLE BUT

UNRELIABLE ATTENTION

Create the contradiction that a simple capacity model cannot resolve.

Faraone · Barkley · Sonuga-Barke · Hupfeld
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Part thesis
ADHD is not well represented by a meter that is always low. The more faithful clinical puzzle is that access to attention,
action, and persistence is unevenly controllable across time and context. A person may know exactly what to do, possess
the skill to do it, care about the outcome, and still fail to assemble a durable task state. Under urgency, novelty, immediate
feedback, intense interest, or social accountability, the same person may perform with remarkable speed and endurance.
That contrast does not prove that ADHD is voluntary; it tells us that capacity and reliable control are different variables.

1 The unfinished ordinary task
The ordinary task is an unusually powerful clinical probe. It may be short, familiar, and objectively achievable: reply to a
message, open a document, put away laundry, submit a form, begin a reading assignment. Yet it has several properties that
make it difficult for many people with ADHD. Its reward is delayed. Its starting cue is weak. Its endpoint is not emotionally
vivid. It offers little novelty and few intermediate consequences. It may require the person to hold an intention across
competing stimuli, recover after interruption, and generate their own pacing.
Failure here is often described as a deficit of knowledge or motivation. But the person may be able to explain the task,
anticipate its consequences, and perform an equivalent task when an external deadline compresses time. What varies is not
necessarily the stored competence; it is the probability that the competence will be recruited at the required moment and
held online long enough to matter. This distinction sits behind Barkley’s separation of knowing from performing, Sonuga-
Barke’s motivational account, and later work emphasizing heterogeneity rather than a single executive lesion (Barkley 1997,
DOI 10.1037/0033-2909.121.1.65, PMID 9000892; Sonuga-Barke 2003, DOI 10.1016/j.neubiorev.2003.08.005, PMID
14624804; Nigg 2005, DOI 10.1016/j.biopsych.2004.11.011, PMID 15950017).
The clinically important unit is therefore not “can the person pay attention?” but a sequence: can an intention survive delay;
can a task state be entered; can it be protected from internally generated thought and external salience; can it be resumed
after disturbance; can it be released when it is no longer useful? Later parts will translate that sequence into interacting
cognitive operations and neural configurations. At this stage, it is enough to see why a binary capacity model fails.

EVIDENCE BOUNDARY

Core sentence. The unfinished task is not proof that ability is absent; it is evidence that ability is not being made reliably available at the right
time.

EVIDENCE BOUNDARY

Figure concept — capacity versus access. Two equally high “capacity” bars feed different time series. One trace reliably enters and remains
inside a task-performance band; the other repeatedly approaches, exits, and re-enters it. No brain region is labeled yet.

2 “I cannot begin” versus “I cannot stop”
Task initiation and task release can fail in opposite-looking directions. “I cannot begin” may include weak cueing, diffuse
goals, high anticipated effort, delayed reward, uncertainty about the first action, or failure to maintain the intention while
other events arrive. “I cannot stop” may include intense interest, immediate feedback, escalating reward, aversion to switch-
ing costs, perseveration, or failure to represent a later obligation strongly enough to terminate the current activity. Both can
coexist in the same individual because neither is captured by a single quantity called attention.
This is the first reason to treat ADHD as a problem of regulation rather than a literal absence. Regulation includes selection,
entry, stabilization, allocation, interruption, switching, and release. The same system can be hard to engage under one
configuration and hard to disengage under another. Empirical hyperfocus work is still young and relies heavily on self-
report, convenience samples, and evolving definitions, so this symmetry is a supported clinical interpretation rather than
a settled neural mechanism (Hupfeld, Abagis & Shah 2019, DOI 10.1007/s12402-018-0272-y, PMID 30267329; Ashinoff
& Abu-Akel 2021, DOI 10.1007/s00426-019-01245-8, PMID 31541305; Hupfeld et al. 2024, DOI 10.1038/s41598-024-
70028-y, PMID 39169147).
The distinction also changes treatment questions. A timer may help a person leave a captivating task but do little to make a
vague task attractive enough to enter. Breaking work into visible first actions may reduce initiation energy but not protect a
state from notification capture. Medication may alter arousal, valuation, or control, while learned routines alter cueing and
the environmental route into action. “Attention improved” is too coarse a description for these different effects.
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3 Variable performance is not absence of ability
ADHD is strongly associated with performance variability, but variability must be named precisely. On reaction-time
tasks, group differences are often expressed not only in mean speed or accuracy but in a broader, more positively skewed
distribution: many ordinary responses interspersed with unusually slow responses. A mean can therefore conceal the
temporal structure of performance. Two people can have the same average response time while one is consistently moderate
and the other alternates between very fast and very slow trials.
This pattern matters because it suggests that the mechanismmay lie partly in fluctuating state control rather than a uniformly
weakened computation. Yet even “reaction-time variability” is not a single biological object. The standard deviation, co-
efficient of variation, ex-Gaussian tail parameter, frequency-domain oscillation, drift-diffusion parameter, and trial-level
neural predictor each answer different questions. Recent trial-wise work stresses that group-averaged BOLD variability can-
not simply be equated with behavioral variability (Tamm et al. 2025, DOI 10.1016/j.ynirp.2025.100263, PMID 40511327).
The safe claim is that performance stability is an important phenotype; the unsafe claim is that one named network fluctu-
ation has been proven to cause every slow trial.
Variability also exposes a moral mistake. Observers tend to treat a person’s best performance as evidence of what should
be continuously available. But a maximum is not a measure of reliable control. A singer who can reach a note once does
not necessarily have stable vocal technique; a network that briefly forms an effective configuration does not necessarily
maintain it under ordinary perturbation. Clinical impairment arises from the distribution of performance across real time,
not from the existence of isolated peaks.

EVIDENCE BOUNDARY

Contradiction boundary. Some neural studies find increased variability in ADHD; others find system-specific reductions, unchanged variability,
or no direct mediation of reaction-time variability. Behavioral variability, BOLD signal variability, connectivity flexibility, entropy, and EEG
variability must never be collapsed into one axis.

4 Hyperfocus challenges deficit-only language
Hyperfocus refers broadly to episodes of unusually intense or prolonged absorption, often accompanied by reduced aware-
ness of time or competing demands and difficulty disengaging. Surveys suggest that people with elevated ADHD symptoms
report such episodes more often, and newer questionnaires attempt to separate dispositional tendencies from isolated ex-
periences (Hupfeld et al. 2019, PMID 30267329; Groen et al. 2020, DOI 10.1016/j.ridd.2020.103789, PMID 33126147;
Hupfeld et al. 2024, PMID 39169147). This literature is scientifically useful because it makes a deficit-only account visibly
incomplete.
It does not follow that hyperfocus is unique to ADHD, uniformly beneficial, or generated by a known dopamine signature.
Deep absorption also occurs in flow, expertise, gaming, creative work, autism, obsessive-compulsive phenomena, and
ordinary high-interest activity. Current measures vary in whether they emphasize duration, intensity, productivity, neglect
of bodily needs, loss of temporal awareness, or switching difficulty. Many samples are self-selected, and some contain few
clinically diagnosed participants. Direct neural studies of ADHD-specific hyperfocus are essentially absent.
The responsible conclusion is narrower and more interesting: high sustained attention in selected contexts can coexist with
serious impairment in flexible, goal-congruent allocation. Hyperfocus may sometimes be productive flow; in other episodes
it may be capture—attention is stable, but the stability serves the wrong horizon. The key questions are what initiated the
state, what keeps it stable, whether the person can voluntarily redirect it, and what costs accumulate outside the focus.

5 The moral error: inconsistency mistaken for unwillingness
Inconsistent performance is socially legible as choice. If someone succeeds on Tuesday, failure onWednesday can look like
defiance, indifference, laziness, manipulation, or lack of character. The inference is understandable because ordinary social
prediction assumes relatively stable access to intention. It becomes harmful when variability itself is part of the disorder.
This does not mean that every missed obligation is neurologically inevitable or that responsibility disappears. It means
responsibility should be engineered around the actual control problem. Accountability can be paired with external cue-
ing, shorter feedback loops, reduced ambiguity, planned re-entry, sleep care, medication when appropriate, and skills for
sequencing and time representation. Shame supplies salience, but it does not reliably supply a task architecture. In fact,
shame can increase avoidance and consume the working-memory and emotional-regulation resources required to act.
The humane formulation is also the more testable one. Instead of asking whether a person “wanted it enough,” ask which
task properties changed behavior: immediacy, novelty, structure, interest, risk, social presence, fatigue, time of day, or emo-
tional load. Context-dependent changes become data about a control system. They can guide treatment without pretending
that the person is either powerless or simply choosing every lapse.
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6 The central transition question
This lecture is organized around one transition: what happens when a brain must repeatedly move from internally
generated activity into stable, goal-directed control, and why is that transition different in ADHD? The wording mat-
ters. Internally generated activity is not noise; it includes autobiographical memory, simulation, planning, self-evaluation,
imagination, and spontaneous thought. Goal-directed control is not one “task-positive network”; it requires temporary
coordination among sensory selection, working memory, valuation, action, error monitoring, and sustained-set systems.
The transition can fail at several points. The intended task may never become sufficiently valuable or concrete to recruit
control. The required configuration may assemble but remain shallow and easily displaced. External novelty or internal
thought may win an arbitration process. A lapse may begin before conscious awareness. Re-entry after interruption may
require rebuilding the goal model. Conversely, an absorbing state may become so stable that adaptive release is delayed.
These are hypotheses to be separated from established findings. ADHD is clinically established as a heterogeneous develop-
mental disorder. Group differences exist across cognition, structure, function, reward, timing, and catecholamine-sensitive
treatment. Evidence that some samples show altered state occupancy, dwell time, connectivity, or representational stability
is emerging. A unified nonlinear state-space mechanism is not yet established; it is a synthesis to be tested.

7 The epistemic legend for the whole lecture
Every major statement in the lecture belongs to one of five categories.

1. Empirical result: what a specific study directly measured in its sample under its design.
2. Authors’ interpretation: the causal or mechanistic meaning proposed by that study’s authors.
3. Broader scientific inference: a conclusion supported across studies but not directly measured in any single experiment.
4. Flow Hijacked synthesis: an organizing model that connects established findings without claiming to have been di-

rectly observed as a whole.
5. New hypothesis: a falsifiable proposition whose direct ADHD evidence is absent or preliminary.

These categories prevent three common errors. A statistically reliable group difference is not an individual diagnostic test.
A treatment’s molecular target is not proof that the untreated disorder is caused by deficiency at that target. A metaphor that
organizes multiple findings is not automatically a mechanism. Highly cited work receives historical weight, but citation
count is not a risk-of-bias assessment. Recent evidence can qualify canonical models, and null findings are part of the
substrate rather than obstacles to the story.
The lecture also maintains a nonclinical boundary. It explains evidence and treatment principles; it does not diagnose an in-
dividual, recommend a personal prescription, or replace evaluation of sleep, mood, trauma, substances, medical conditions,
and context.

A closer reading of inconsistency
The central paradox becomes clearer if capacity is separated from access. Capacity asks what a person can do under favor-
able conditions. Access asks how reliably that capacity can be recruited at the required time, under the actual combination
of delay, ambiguity, fatigue, distraction, emotion, and competing value. A single successful performance establishes that
the operation is possible; it does not establish that the same operation is equally reachable across contexts. Conversely,
one failed performance does not reveal an absent capacity. The clinically relevant object is therefore a distribution of task
lifecycles rather than a verdict derived from one moment.
Consider two people with the same average accuracy. One enters promptly, remains stable, and makes small corrections.
The other spends a long time outside the task, enters abruptly when urgency rises, performs intensely, then leaves after
an interruption and cannot recover. The average can conceal the difference that determines daily functioning. This is why
initiation latency, dwell time, perturbation sensitivity, recovery time, and release after completion must be kept separate.
This distinction also protects against a moral error. Context sensitivity does not make a difficulty voluntary. Every biological
control system is context sensitive; the scientific task is to identify which contextual variables change reachability and
stability, for whom, and at what cost. Responsibility remains meaningful, but it shifts from accusation toward designing
conditions, skills, and treatments that make intended action more reliably available.
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Reliability is a phenotype, not a footnote
A capacity model usually asks whether an operation can be performed under a standardized condition. A regulation model
asks a harder family of questions: how often the operation becomes available when it is needed, how long access survives,
how much external support is required, and what follows after interruption. These are not cosmetic additions to a test
score. They distinguish a system that is consistently adequate from one that reaches the same peak only intermittently or at
disproportionate cost.
Imagine repeated samples from the same person across a week. On each occasion the nominal task is identical, but sleep
pressure, reward proximity, emotional load, competing intentions, and recent errors differ. Accuracy on completed trials
may remain high while entry latency and abandonment vary widely. If analysis conditions on trials that were successfully
initiated, it can select away the very instability that matters clinically. A study of attention must therefore record failures to
enter, delays before the first valid action, interruptions, re-entry attempts, and the work left unfinished—not only responses
made after the task has already captured the person.
Reliability also has a cost dimension. Two people may achieve the same outcome, while one uses routine effort and the
other recruits deadline-driven arousal, repeated self-correction, environmental isolation, or prolonged recovery afterward.
Equal performance does not imply equal control demand. This matters when interpreting apparently “normal” laboratory
performance, because a short, novel, supervised experiment may supply cues, urgency, social accountability, and immediate
feedback that daily life does not.
The useful comparison is therefore not competent versus incompetent. It is a family of conditional distributions: perfor-
mance given entry, probability of entry given context, dwell given perturbation, and recovery given departure. ADHD
can affect one distribution more than another. A person may show intact selection once engaged but unreliable initiation;
another may enter promptly yet be unusually vulnerable to internal capture; a third may sustain attention but fail to release
it when priorities change.
This reframing preserves agency without moralizing. Agency is not an all-or-none force standing outside biology. It is
expressed through policies, environments, learned cues, and available control resources. The practical objective is to make
intended actionmore reachable and less expensive across ordinary conditions. That objective is compatible with medication,
psychotherapy, behavioral scaffolding, sleep intervention, and environmental redesign because these approaches can act on
different terms in the same task lifecycle.

Four identical averages, four different control problems

Suppose four people complete the same proportion of work. The first enters quickly and works steadily. The second delays,
then completes everything under deadline pressure. The third begins promptly but departs after every interruption and
repeatedly reconstructs the task. The fourth remains absorbed after the task is no longer the highest priority. A weekly
completion average makes them look equivalent, although the relevant intervention differs in each case.
The comparison showswhy performancemust be indexed by phase. Entry requires a first-passagemeasure; stability requires
dwell and perturbation measures; recovery requires detection and re-entry measures; release requires a criterion for justified
disengagement. Effort and after-cost should accompany each phase. A model that captures only completed output can
reward crisis dependence, conceal exhaustion, and misclassify inflexible persistence as successful attention.
The clinical question is therefore not merely whether a person can focus. It is whether intended cognition can be allocated,
stabilized, recovered, and released with sufficient reliability across the conditions that life actually supplies.

Read the apparent contradiction as four separate clocks

The practical question is not whether attention exists. It is how long entry takes, how long a useful configuration survives,
how quickly it can be recovered after displacement, and whether it can be released when priorities change. Two people can
show the same missed deadline while differing on every one of those clocks. The lecture therefore follows transitions and
conditional reliability rather than treating a single successful episode as proof that regulation is intact.
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Part thesis
ADHD is a clinically defined, developmentally anchored pattern of impairing inattention and/or hyperactivity–impulsivity.
It is not a result on a scan, a low score on one executive task, an amount of dopamine, or a synonym for any concentration
problem. The phenotype is real and consequential, but heterogeneous: people reach similar diagnostic descriptions through
partially different cognitive and biological pathways.

8 Diagnostic phenotype and functional impairment
A diagnosis begins with behavior over development and across situations. Symptoms must be developmentally inappropri-
ate, sufficiently persistent, present in more than one relevant context, and associated with clinically meaningful impairment.
History matters because the same current complaint—“I cannot concentrate”—can arise from sleep deprivation, anxiety,
depression, trauma-related intrusions, substance effects, pain, medication, or a recent environmental change. Collateral
information and old records can be especially valuable when adult recall is incomplete.
Symptoms and impairment are related but not identical. A highly structured family, small classroom, supportive employer,
or occupation matched to rapid novelty can conceal impairment; a transition to university, parenthood, independent work,
or complex administration can expose it. Conversely, severe impairment in one domain can arise from another disor-
der even when several ADHD-like symptoms are present. Diagnosis therefore requires a developmental formulation,
not simple symptom counting in isolation (Faraone et al. 2015, DOI 10.1038/nrdp.2015.20, PMID 27189265; Posner,
Polanczyk & Sonuga-Barke 2020, DOI 10.1016/S0140-6736(19)33004-1, PMID 31982036; Faraone et al. 2021, DOI
10.1016/j.neubiorev.2021.01.022, PMID 33549739).

Operational diagnostic box: DSM-5-TR and ICD-11 are similar, not identical
Dimension DSM-5-TR ICD-11 CDDR

Core pattern persistent inattention and/or hyperactivity–impulsivity
that interferes with functioning or development

persistent inattention and/or hyperactivity–impulsivity
outside expected variation for age and intellectual
development, with direct functional cost

Duration and threshold at least six months; at least six of nine symptoms in
either domain through age 16, or at least five from age
17 onward

ordinarily at least six months; requires several clinically
significant symptoms, but does not impose the DSM
numerical count

Developmental onset several symptoms were present before age 12; later
recognition does not imply later onset

evidence of significant symptoms before age 12,
although clinical recognition may occur later

Settings and impairment several symptoms occur in two or more settings, with
clear interference or reduced quality of social, academic,
or occupational functioning

manifestations are evident across multiple situations or
settings and directly impair academic, occupational, or
social functioning

Exclusion and differential not confined to a psychotic disorder and not better
explained by another mental disorder

not better explained by another mental, behavioral, or
neurodevelopmental disorder and not due to a substance
or medication

Presentations predominantly inattentive, predominantly
hyperactive–impulsive, or combined; presentation and
severity are current descriptors

predominantly inattentive, predominantly
hyperactive–impulsive, combined, other specified, or
unspecified

This table is an operational summary, not a self-diagnosis checklist. Neither framework permits a rating scale, symptom
count, retrospective impression, or stimulant response to replace clinical history, collateral information, impairment assess-
ment, and differential diagnosis. DSM-5-TR uses explicit counts; ICD-11 relies more on clinical judgment about several
significant symptoms and developmental deviance. Sources: American Psychiatric Association, DSM-5-TR (2022, DOI
10.1176/appi.books.9780890425787); World Health Organization, Clinical Descriptions and Diagnostic Requirements for
ICD-11 Mental, Behavioural and Neurodevelopmental Disorders (2024); Wolraich et al. (2019, PMID 31570648).
No current neuroimaging, cognitive, electrophysiological, genetic, or biochemical test has adequate validity to diagnose
ADHD in an individual. Group-level research can reveal mechanisms and stratification candidates without replacing clinical
assessment. This boundary will recur whenever a compelling brain image appears.

9 Inattention, hyperactivity and impulsivity
Inattention includes more than looking away. It can appear as omissions, losing the task rule, difficulty sustaining effort,
incomplete follow-through, disorganization, losing materials, failure to register speech, or rapid capture by competing
stimuli and thoughts. Hyperactivity can be gross motor activity in a child, but in adolescents and adults it may become
inner restlessness, constant small movement, excessive talking, or discomfort with low-stimulation states. Impulsivity
includes acting before sufficient sampling, interrupting, difficulty waiting, steep preference for immediate outcomes, or
rapid decisions under emotion.
These domains interact but should not be fused. A person may be primarily inattentive, prominently hyperactive–impulsive,
or show both clusters; expression changes across development and context. The current presentation is a snapshot of a
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trajectory, not a permanent subtype carved into the nervous system. Ratings also depend on observer and setting: a teacher
sees group-task demands, a parent sees mornings and evenings, an adult sees private administrative failure that colleagues
may never notice.
The most useful language describes patterns and costs. “Inattention” should not imply lack of perception; “hyperactivity”
should not imply constant movement; “impulsivity” should not imply absence of thought. Each name compresses multiple
processes that later sections will disassemble.

10 Executive dysfunction overlaps with ADHD but is not synonymous
Executive functions are a family of operations used to maintain goals, inhibit prepotent responses, update working memory,
shift sets, monitor error, sequence actions, and allocate effort. Many people with ADHD show difficulties in one or more of
these domains. Barkley’s inhibition-centered theory was historically influential because it connected observable symptoms
to self-directed action over time (Barkley 1997, PMID 9000892). Nigg’s critical review and subsequent work showed why
no single executive deficit can define the disorder (Nigg 2005, PMID 15950017).
Group effects on laboratory tasks are generally moderate and heterogeneous, with substantial overlap between ADHD
and comparison distributions. Some diagnosed individuals perform within ordinary limits on formal executive testing
yet struggle dramatically in open-ended life. Laboratory tasks supply clear instructions, novelty, immediate experimenter
presence, short duration, and frequent feedback—the very scaffolding missing from many daily tasks. Conversely, poor
executive-test performance can occur in sleep deprivation, depression, traumatic stress, brain injury, learning disorders,
and many other conditions.
Thus the relation is neither “executive tests are irrelevant” nor “ADHD is an executive-function test deficit.” Executive
constructs help decompose mechanisms and design supports. Diagnosis remains clinical, and functional performance in
natural contexts must not be inferred from a single controlled task.

EVIDENCE BOUNDARY

Contradiction box— the neuropsychological normal performer. Normal scores do not refute ADHD; abnormal scores do not establish it. The
distributions overlap, tasks vary in reliability, and real-world demands differ from test conditions.

11 Working memory, inhibition, organization and persistence
Workingmemory keeps goal-relevant information available while the world changes: the instruction just given, the next step,
the reason one entered a room, the relation between a present action and a later outcome. Inhibition prevents a dominant
or newly salient response from displacing that representation. Organization externalizes structure across objects, time, and
steps. Persistence keeps behavior coupled to the longer-horizon goal when reward and feedback are sparse.
These operations are mutually supportive but dissociable. A person may remember the goal yet fail to suppress a com-
peting response; inhibit successfully but lose the goal after interruption; plan accurately but not begin; begin but fail
to persist; persist yet continue beyond the adaptive stopping point. Modern EEG work likewise separates early atten-
tional selection from later response control rather than treating inhibition as one instant (Gholamipourbarogh et al. 2026,
DOI 10.1016/j.bpsc.2025.05.001, PMID 40350038). The study is promising, not a biomarker: its sample and tensor-
decomposition choices limit generalization.
This decomposition matters clinically. An intervention that makes steps visible targets working-memory load and organiza-
tion. Response-cost or contingency procedures target the consequences surrounding behavior. Medication can change the
probability that representations remain functionally influential, but it does not automatically create a filing system, calendar
habit, or task sequence. Similar symptom improvement can therefore arise through different layers.

12 Emotional dysregulation: important yet transdiagnostic
Rapid frustration, emotional impulsivity, rejection sensitivity, prolonged recovery, and difficulty modulating high-arousal
states are common and impairing in ADHD. Meta-analytic and review evidence supports elevated emotional dysregulation
in both children and adults, and it predicts relationship and functional burden beyond a narrow count of core symptoms
(Graziano &Garcia 2016, DOI 10.1016/j.cpr.2016.04.011, PMID 27180913; Faraone et al. 2019, DOI 10.1111/jcpp.12899,
PMID 29624671; Beheshti, Chavanon & Christiansen 2020, DOI 10.1186/s12888-020-2442-7, PMID 32164655).
But emotional dysregulation is not specific to ADHD. It is central to mood, anxiety, trauma-related, personality, autism-
spectrum, and substance-related presentations, among others. Some diagnostic systems place it outside the formal core
criteria; proposals to treat it as a core dimension remain debated. A person’s anger or overwhelm should not be retrospec-
tively assigned to ADHD without examining triggers, duration, episodicity, trauma, sleep, relationships, and comorbid
disorders.

17



FLOW HIJACKED · ADHD INTO THE TASK

Within the lecture’s dynamical frame, emotion is a source of state-dependent gain and salience. That is a useful inference,
not evidence that one salience-network abnormality explains emotional dysregulation. Emotion changes what captures
attention, which goals remain available, and how expensive re-entry feels. Treatment outcome should therefore track emo-
tional regulation separately from core symptom ratings.

13 Presentations, severity, comorbidity and heterogeneity
The diagnosis is a family-resemblance category. Two people can meet criteria with partially different symptom combina-
tions, cognitive profiles, comorbidities, sleep patterns, developmental histories, and treatment responses. Symptom thresh-
olds create a categorical decision for care and communication, while the underlying liability is distributed dimensionally.
Presentation labels can change when overt activity declines, demands rise, or observers change.
Comorbidity is not statistical clutter. Anxiety may increase internal threat capture; depression may reduce vigor and ex-
pected reward; autism may alter sensory load and shifting; learning disorders may make particular tasks predictably aver-
sive; substance use may both emerge from risk and alter current attention. These pathways can produce the same outward
omission for different reasons. A network model that absorbs every pathway into “ADHD dysconnectivity” becomes un-
falsifiable.
Heterogeneity does not mean the diagnosis is arbitrary. It means average effects need a layered interpretation. A small
group mean can be reliable while offering little individual classification; a large symptom response in a trial can coexist
with varied functional outcomes; a mechanistic subgroup can be important without defining all ADHD. The 2023 annual
research review by Sonuga-Barke and colleagues explicitly frames progress as moving from characterization toward causal
pathways while retaining plurality (Sonuga-Barke et al. 2023, DOI 10.1111/jcpp.13696, PMID 36220605).

14 Dimensional liability versus categorical diagnosis
Population studies and molecular genetics support continuity between ADHD traits and clinical diagnosis. The first
genome-wide significant case–control study found strong concordance between diagnosed ADHD and quantitative pop-
ulation symptom measures; later GWAS expanded the locus count and reinforced highly polygenic architecture (Demontis
et al. 2019, DOI 10.1038/s41588-018-0269-7, PMID 30478444; Demontis et al. 2023, DOI 10.1038/s41588-022-01285-8,
PMID 36702997). This is compatible with a liability continuum.
Clinical categories nevertheless remain useful because impairment, developmental context, risk, and access to treatment
are not determined by a trait score alone. A threshold does not imply that people just below it have no difficulties, or
that everyone above it is biologically identical. It is a decision boundary imposed on continuous and partly heterogeneous
dimensions.
The apparent conflict between dimensional science and categorical practice dissolves when their jobs are separated. Dimen-
sional models describe variation and shared liability. Categorical diagnosis organizes decisions under constraints. Neither
licenses biological essentialism: a diagnosis is not a single brain type, and a continuous trait is not proof that disorder is
merely ordinary behavior renamed.

15 Normal attentional variability versus disorder
Every mind wanders. Boredom reduces persistence; interruption creates re-entry costs; fatigue worsens vigilance; high-
value stimuli capture attention. ADHD is not diagnosed because these experiences occur, but because a developmentally
anchored pattern is unusually frequent, difficult to regulate, cross-situational, and impairing.
The boundary cannot be drawn by moral intuition. Modern environments expose nearly everyone to engineered novelty,
rapid reward, and frequent switching. A person without ADHD can develop fragmented habits and feel subjectively less
able to sustain reading. A person with ADHD can also be affected by the same environment, sometimes more strongly.
The correct comparison is not “biological disorder versus environment” but trait liability interacting with an attentional
ecology.
Clinical reasoning asks what changed, when, and where. A new concentration problem after weeks of restricted sleep has
a different temporal signature from lifelong disorganization visible across school reports. A complaint confined to one
intolerable job differs from broad impairment across school, home, relationships, driving, and administration. Ordinary
variability and disorder meet on a continuum; persistence, developmental history, and consequences determine whether
clinical evaluation is warranted.
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16 Sleep loss, stress, anxiety, depression and PTSD
Sleep restriction can produce slowed and variable reaction time, omissions, irritability, impulsive choice, and im-
paired working memory. Circadian delay and sleep disorders are common in ADHD and can be both comorbid and
symptom-amplifying. Reviews and meta-analyses in adults support subjective and objective sleep differences, while
pediatric guidance stresses assessment of routines, apnea, restless legs, medication timing, and co-occurring conditions
(Díaz-Román, Mitchell & Cortese 2018, DOI 10.1016/j.neubiorev.2018.02.014, PMID 29477617; Becker 2020, DOI
10.1016/j.copsyc.2019.09.006, PMID 31629217; Cortese 2024, DOI 10.1080/14737175.2024.2353692, PMID 38738544).
Stress can narrow attention around urgent threats while degrading flexible working memory; anxiety can fill internal atten-
tion with worry and avoidance; depression can reduce expected reward and action vigor; PTSD can create trigger-linked
intrusion, hyperarousal, dissociation, and sleep disruption. All can look like inattention from the outside. Temporal course
and content matter: threat-captured cognition differs phenomenologically from neutral spontaneous thought, although both
can interrupt a task.
The differential is not an exclusion contest. ADHD can coexist with every condition listed, and its presence may increase
exposure to failure, conflict, and later adversity. The task is to identify multiple active processes rather than force one
diagnosis to explain the whole person. Treating sleep or trauma does not invalidate ADHD; treating ADHD does not make
trauma or mood irrelevant.

17 Bipolar disorder, substance effects, autism and medical mimics
Bipolar disorder and ADHD can both involve talkativeness, distractibility, activity, and impulsive action. The central
discriminator is course: ADHD provides a developmental baseline, whereas mania or hypomania involves a distinct episode
with changes such as decreased need for sleep, expansive or irritable activation, and other mood-syndrome features. They
can coexist, and the distinction matters for pharmacological safety.
Intoxication, withdrawal, chronic substance use, and nonmedical stimulant use can alter sleep, motivation, reaction time,
and impulse control. ADHD itself is associated with substance-use risk, which makes careful chronology essential. Thera-
peutically prescribed stimulant exposure under monitoring is not pharmacologically or behaviorally equivalent to escalating,
nonmedical administration.
Autism and ADHD frequently co-occur. Executive difficulties, sensory capture, intense interests, and switching problems
can overlap, while autism additionally requires its characteristic social-communication and restricted/repetitive developmen-
tal phenotype (Antshel & Russo 2019, DOI 10.1007/s11920-019-1020-5, PMID 30903299). Medical contributors—pain,
anemia, thyroid disorder, seizure phenomena, sleep-disordered breathing, medication adverse effects—are investigated
according to history rather than through indiscriminate testing. The rule is simple: concentration is a nonspecific endpoint.

18 Technology-associated fragmentation is not automatically ADHD
Notifications, infinite scroll, variable-ratio rewards, and rapid task switching can train habits around short feedback loops.
Experimental and observational work outside ADHD shows immediate costs of interruption and attentional capture. This
gives a serious environmental story without supporting the stronger claim that smartphones simply create a de novo neu-
rodevelopmental disorder in adults.
Three distinctions are necessary. First, an exposure can worsen symptoms in people with ADHD. Second, an exposure
can produce an ADHD-like complaint in people without the developmental syndrome. Third, technology use can be an
outcome as well as a cause: a person seeking rapid stimulation or escape may preferentially engage with high-novelty
platforms. Cross-sectional associations cannot determine direction.
The lecture should neither moralize technology nor exempt design from scrutiny. It should ask what the environment
repeatedly rewards, how often it interrupts, whether cues are controllable, and how quickly a task state can be restored.
“Digital hygiene” can improve attentional conditions while diagnostic claims remain anchored to developmental evidence.
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19 The outcome hierarchy: symptom change is not complete recovery
Core symptom ratings occupy only one layer of outcome. Above and around them sit executive self-management, school
achievement, occupational reliability, relationships, emotional regulation, driving, injury, substance-related risk, self-
esteem, sleep, and quality of life. These layers correlate imperfectly. A treatment can reduce observer-rated symptoms
without teaching organization; a skills intervention can improve homework completion or work systems while core symp-
toms remain; a supportive environment can reduce impairment without changing underlying liability.
“Response” in a trial usually means a threshold change on a selected scale over a selected interval. “Remission” may mean
falling below a symptom threshold at one assessment. Neither equals sustained recovery across life domains. Longer follow-
up also introduces treatment changes and selection, so randomized short-term efficacy cannot be projected uncritically
across years.
This hierarchy will govern the later treatment sections. Every interventionmust be asked: what endpoint changed, according
to whom, for how long, at what cost, and did the result generalize beyond the treatment setting? The answer can be clinically
valuable without being total.

From symptoms to a defensible clinical inference
A diagnosis is not obtained by matching a person to a vivid description. It is an inference built from developmental history,
persistence, cross-situational evidence, impairment, and exclusion or characterization of alternatives. The same complaint—
“I cannot concentrate”—can arise from insufficient sleep, threat monitoring, depressive slowing, elevatedmood, intoxication
or withdrawal, pain, medication effects, sensory overload, grief, or an environment engineered for interruption. These
possibilities can coexist with ADHD rather than merely compete with it.
The distinction between symptom and mechanism matters. Forgetting an appointment is an observed outcome. It may
reflect prospective-memory failure, failure to encode the intention, weak cueing, time-estimation error, avoidance, sleep
loss, or an interruption during execution. A diagnostic label can organize a recurrent pattern without identifying which
mechanism produced every event. Treatment planning therefore requires a second layer of formulation after diagnosis.
Dimensional and categorical views answer different questions. Symptoms and impairment vary continuously across the
population, while clinical categories create decision thresholds for communication and access to care. The threshold does
not imply a natural cliff in biology, and dimensionality does not make diagnosis arbitrary. The defensible position is that
ADHD is a clinically useful neurodevelopmental construct whose boundaries require judgment, corroboration, and attention
to context.

From a familiar description to a defensible formulation
Clinical recognition begins with phenomenology but cannot end there. “I lose focus,” “I procrastinate,” or “my mind
never stops” are meaningful descriptions, yet each can arise from several processes. The diagnostic task is to reconstruct
a developmental and functional pattern: when the difficulties began, whether they occur across settings, which demands
expose them, what the person can do under structure, how impairment accumulated, and which alternative or co-occurring
conditions change the explanation.
Time course is one of the strongest discriminators. Sleep deprivation can produce severe attentional instability, but its onset
and fluctuation may track sleep opportunity, circadian phase, or breathing-related disturbance. Depression can reduce ini-
tiation through anhedonia, fatigue, hopeless prediction, or psychomotor slowing. Anxiety and PTSD can divert resources
toward threat monitoring and intrusive material. Bipolar elevation can involve distractibility, accelerated association, re-
duced sleep need, and increased goal pursuit, but the episodic pattern and accompanying mood change matter. Substance
effects depend on intoxication, withdrawal, dose, timing, and chronic adaptation. None of these rules out ADHD; they
prevent a single complaint from deciding the diagnosis.
Cross-situational evidence also requires interpretation. A highly structured school, an attentive partner, or a job rich in
novelty can conceal impairment. Conversely, one hostile or chaotic environment can produce concentration problems
without a pervasive neurodevelopmental syndrome. Reports from parents, teachers, partners, and the person may disagree
because they observe different demands, carry different expectations, or see different costs. Disagreement is data about
context, not merely measurement failure.
Developmental history should be sought with humility. Adults may not have records, may recall childhood through present
concerns, or may have been protected by high ability and family structure. Girls andwomenmay have attracted less attention
when hyperactivity was subtle, internalized, or socially contained. Late recognition is therefore not the same as proven late
onset. At the same time, a retrospective story should not be treated as automatically confirmatory. The formulation should
state what is well corroborated, what is probable, and what remains uncertain.
Impairment must be decomposed rather than reduced to symptom count. Missing deadlines, unsafe driving, inconsistent
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medication use, relationship conflict, financial disorganization, academic underachievement, and depleted self-trust occupy
different outcome layers. A symptom scale can improve while the systems needed for work, parenting, or study remain
fragile. Conversely, external supports may improve functioning even when core symptoms remain measurable.
Comorbidity is often the rule rather than the exception. Autism, learning disorders, anxiety, depression, trauma-related
symptoms, sleep disorders, substance problems, and tic disorders can alter both presentation and treatment. The goal is not
to decide which single label “really” owns every difficulty. It is to identify interacting processes, urgent risks, modifiable
contributors, and the sequence in which intervention is most likely to help.
A defensible diagnosis is consequently a calibrated inference, not a personality verdict or a biomarker reading. Network
neuroscience can illuminate candidate mechanisms at a group level, but it cannot currently diagnose an individual from a
scan. The clinical construct remains useful because it organizes a recurrent developmental pattern and guides evidence-
based care—provided that it is coupled to a person-specific formulation rather than used as a total explanation.

A differential formulation worked through in time

Consider an adult who reports chronic procrastination, mental noise, poor sleep, and periods of intense productivity. Several
narratives initially fit. ADHD may explain a childhood pattern of lost materials, delayed work, inconsistent follow-through,
and impairment across school and home. Anxiety may explain prolonged checking and attentional capture by anticipated
error. Depression may explain a recent fall in initiation and reward value. Circadian delay may explain severe morning
difficulty. Episodic reduced sleep need, elevated mood, and accelerated goal pursuit would raise a different question from
staying awake late because disengagement is difficult.
The formulation proceeds by locating each process in time. Which features were present before the current mood episode?
Which track nights of insufficient sleep? Which occur during enjoyable as well as aversive tasks? Does worry precede the
attentional shift, or appear after another failure? Are the productive periods organized and sustainable, or compressed into
high-arousal rescue attempts? What changes when structure, immediate feedback, or another person is present?
Collateral information can alter the picture without replacing the person’s account. A parent may remember quiet daydream-
ing rather than disruption. School reports may show strong examination performance alongside chronic missing work. A
partner may observe that household tasks disappear from awareness unless made visible. Each source samples a different
context and should be weighted for access, bias, and developmental distance.
The next step is not to force every observation under one label. A person can have ADHD and a sleep disorder; anxiety
can develop around years of inconsistency; depression can narrow reward and initiation on top of an earlier executive
pattern. The formulation should state which process appears trait-like, which is episodic, which is maintained by the
current environment, and which is most urgent to address.
This temporal map changes treatment interpretation. If sleep restoration markedly reduces morning variability but lifelong
organizational impairment persists, both findings matter. If stimulant treatment improves response consistency but not
avoidance created by repeated shame, medication has changed one layer rather than failed globally. If CBT improves
completion through external structure while symptoms remain, functional compensation is a genuine outcome.
The final diagnosis is strongest when it predicts what should vary. It should anticipate which settings expose impairment,
which supports reduce it, which symptoms survive mood improvement, and which outcomes require an additional interven-
tion. That is a more demanding standard than recognition, but it is also more humane: the person receives an account of
interacting processes rather than a totalizing identity.

One complaint, several causal routes

“I cannot concentrate” may arise because a goal representation is unstable, because threat monitoring is consuming capac-
ity, because reward has lost value, because sleep pressure is high, or because a substance state has altered arousal. The
observable sentence is not the mechanism. Diagnosis requires developmental timing, cross-setting impairment, persistence,
collateral information, and an account of plausible alternatives; network language enters only after that clinical work.
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Part thesis
ADHD is developmental, but development is not a one-way march from abnormal childhood toward normal adulthood.
Brain organization, demands, supports, sleep, hormones, motivation, learning, and self-knowledge all change. Symptoms
may persist, diminish, recur, or become hidden by compensation. A cross-sectional child–adult difference is not a develop-
mental trajectory, and symptom remission is not proof that a neural system has “normalized.”

20 ADHD begins in development, not in a scan
To call ADHD neurodevelopmental is to make a claim about its time course and causal architecture: the pattern emerges as
attention, activity, impulse control, learning, and social demands develop. It is not a claim that a radiologist can see ADHD
in one image. Development is reconstructed from history, observation, records, and longitudinal data. Neuroimaging and
genetics can illuminate average pathways, but their distributions overlap too extensively for individual diagnosis.
Development also changes the meaning of behavior. Leaving a seat carries different information at age six than at age
thirty-six. A young child’s regulation is scaffolded by adults; an adult is expected to construct schedules, maintain distant
goals, sequence administrative work, and recover privately from interruption. The same underlying liability can therefore
generate different visible symptoms as the environment withdraws external structure.
The World Federation consensus and major reviews support ADHD as a valid, impairing developmental disorder while
emphasizing heterogeneity and the absence of a single diagnostic biomarker (Faraone et al. 2021, PMID 33549739; Posner
et al. 2020, PMID 31982036). The phrase “begins in development” should never be converted into “has one fixed lesion
present from birth.”

21 Childhood, adolescence and adult ADHD must not be merged
Childhood combines rapid neural maturation with intensive external control. Adolescence adds reward sensitivity, peer
salience, delayed sleep timing, increasing autonomy, and more complex planning. Adulthood removes many institutional
supports while adding financial, occupational, relationship, caregiving, and health-management demands. Each stage
changes the baseline against which ADHD is measured.
This is a methodological warning. A reduction in group difference with age could reflect maturation, selective persistence,
cohort composition, medication history, scanner tolerance, or the changing validity of the task. Adult samples often contain
people with long treatment histories and compensatory strategies; pediatric samples may overrepresent externally disruptive
behavior. Pooling both can manufacture a tidy lifespan effect that no individual follows.
Age stratification must therefore be substantive, not cosmetic. The relevant questions include which symptoms changed,
whether impairment changed, which supports were available, and whether the same person was followed. Longitudinal
within-person evidence is more informative about trajectory than a comparison between unrelated children and adults,
although it brings attrition and repeated-measurement problems of its own.

22 Cortical maturation and the limits of the “delay” model
Shaw and colleagues’ landmark longitudinal MRI study analyzed 824 scans from 223 children with ADHD and 223 com-
parison participants. The reported cortical-thickness sequence was regionally similar, but peak thickness occurred later on
average in ADHD, particularly in prefrontal cortex (Shaw et al. 2007, DOI 10.1073/pnas.0707741104, PMID 18024590).
The study was important because it represented trajectory rather than a static smaller/larger comparison.
The finding is often expanded beyond what it can bear. It does not show that every child with ADHD is globally “three
years immature,” that development simply stops, or that an adult with ADHD has a child’s brain. Cortical thickness is
one macrostructural measure influenced by multiple cellular processes; peak timing is estimated at group level; and later
large-sample morphometry generally finds small, distributed, age-sensitive differences rather than a diagnostic signature.
The enduring lesson is not a literal delay clock. It is that developmental timing can matter and that the same cross-sectional
measurement can have different meanings at different ages. A region’s thickness, connectivity, or activation cannot be
interpreted without an age-appropriate trajectory and a measurement model.

EVIDENCE BOUNDARY

Contradiction box — “maturational delay.” Supported: some group-level cortical trajectories differ in timing. Not supported: a universal
developmental age gap, a complete explanatory mechanism, or an individual maturity score.
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23 Striatal, cerebellar, white-matter and network development
Development is distributed. Corticostriatal loops change with learning and reward; the cerebellum contributes to timing
and prediction; white matter changes the speed and reliability of long-range signaling; cortical networks become more
differentiated while retaining context-sensitive integration. ADHD research reports differences across all of these systems,
but directions and anatomical locations are not fully consistent.
The ENIGMA subcortical mega-analysis aggregated thousands of participants and reported small case–control volume
differences, strongest in children, across structures including accumbens, caudate, putamen, amygdala, and hippocampus
(Hoogman et al. 2017, DOI 10.1016/S2215-0366(17)30049-4, PMID 28219628). Its scale improved precision, but cross-
sectional multisite data cannot demonstrate each structure’s developmental trajectory, and small average differences are not
individual biomarkers. Scanner, ascertainment, comorbidity, and medication histories remain relevant.
Diffusion and graph studies suggest distributed white-matter and connectomic differences, yet specific tracts and directions
vary. Motion is particularly dangerous because children with more hyperactivity can move more, producing apparent con-
nectivity or diffusion differences. Recent small graph-development studies are hypothesis-generating, not grounds for a
singular “underconnected brain” model (Soman et al. 2023, DOI 10.1002/hbm.26288, PMID 36988503).

24 Development of DMN segregation and control systems
Across typical development, large-scale functional organization becomes more differentiated: local and distributed relation-
ships change, control systems refine, and the default-mode network’s internal structure and coupling to attention systems
mature. “Segregation” does not mean permanent isolation. Effective cognition requires both distinction and selective
communication.
ADHD-specific studies report altered within- and between-network relationships in some age groups, but group effects are
modest and method-sensitive. Development introduces an additional reference problem: a connection that is weak relative
to one childhood stage may be ordinary later, and a child–adult difference may reflect the typical developmental baseline
rather than ADHD persistence. Network labels derived from adults may also fit children imperfectly.
The responsible claim is that maturation changes the landscape through which task states are assembled. The stronger
claim—that one delayed DMN–control anticorrelation causes ADHD—is not established. The lecture will later treat net-
work segregation as one coordinate among many, alongside state occupancy, transition dynamics, reward, arousal, and task
design.

25 Stable persistence, partial remission, recurrence and fluctuation
Traditional summaries often state that a fixed proportion of children “outgrow” ADHD. Longitudinal evidence gives a less
tidy picture. In the Multimodal Treatment Study of ADHD follow-up, Sibley and colleagues reported that sustained full
recovery by the endpoint was uncommon, while many participants moved between periods above and below diagnostic
thresholds (Sibley et al. 2022, DOI 10.1176/appi.ajp.2021.21010032, PMID 34384227). A 2024 analysis further exam-
ined fluctuating patterns and their relation to changing demands (Sibley et al. 2024, DOI 10.4088/JCP.24m15395, PMID
39431909).
This does not mean that everyone remains equally impaired. Mean symptoms often decline, overt hyperactivity may soften,
and individuals can develop strategies, choose better-fitting environments, or benefit from treatment. It means a single
below-threshold assessment cannot be assumed to represent permanent disappearance.
Course is best represented as a time series with multiple outcomes: symptom intensity, functional burden, supports, co-
morbidities, and environmental demand. “Persistence” can coexist with good adaptation; “remission” can coexist with
high compensatory effort; recurrence can follow loss of structure or sleep. Developmental science should model these
transitions rather than forcing each person into one terminal category.
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26 Symptom remission versus compensatory reorganization
Three processes can look similar from the outside. First, underlying liability may diminish. Second, a person may learn
compensatory strategies: external calendars, environmental selection, rehearsed routines, delegation, or deliberate over-
preparation. Third, the environment may become a better fit, reducing demands on the vulnerable operation. Each can
lower observed symptoms and impairment.
Imaging cannot currently distinguish these possibilities cleanly. If an adult with remitted symptoms shows a group-average
pattern closer to controls, that could reflect developmental convergence. If the pattern remains different while performance
improves, it could reflect compensation. If both brain and behavior differ only under certain task conditions, state and strat-
egy may dominate. Cross-sectional “persistent versus remitted” designs are vulnerable to selection and cannot reconstruct
the path that produced the endpoint.
The term normalization should therefore be reserved for a specified metric moving toward a specified comparison distri-
bution. It should not imply restoration of an original healthy brain or complete recovery. A compensatory system is not
inferior merely because it is different; clinical value lies in stable function and tolerable effort.

27 Late recognition versus proposed adult onset
Many adults are diagnosed late because earlier environments supplied structure, academic ability masked disorganization,
disruptive behavior was absent, or observers missed an inattentive presentation. Late recognition is entirely compatible
with developmental onset. Retrospective history can be imperfect, so school records and collateral accounts may reveal
patterns the adult did not encode as symptoms.
A distinct question is whether ADHD-like syndromes can first emerge in adulthood. Several longitudinal cohorts reported
adult cases without clear childhood ADHD, including influential studies by Moffitt and colleagues and Caye and colleagues
(Moffitt et al. 2015, DOI 10.1176/appi.ajp.2015.14101266, PMID 25998281; Caye et al. 2016, DOI 10.1001/jamapsy-
chiatry.2016.0383, PMID 27192050). Subsequent debate identified challenges: childhood symptoms may be missed by
thresholds or informants; adult cases may reflect substance use, mood, sleep, trauma, cognitive change, or measurement
differences; and some late-emerging symptom groups may not resemble classic childhood ADHD.
The scientific position is open but constrained. Late-recognized developmental ADHD is established. Adult-onset-like
presentations occur in datasets, but their nosological unity and causal relation to childhood-onset ADHD remain unset-
tled. Clinically, new adult symptoms demand an especially careful differential rather than automatic denial or automatic
relabeling.

28 Girls, women, masking, referral bias and sex differences
Boys are diagnosed more often in childhood, particularly in clinical samples. The ratio narrows in population samples
and adulthood, consistent with referral mechanisms in addition to any average biological or behavioral differences. Girls
with less disruptive behavior may be noticed later, while anxiety, depression, eating pathology, or compensatory effort
attracts attention first. Expert consensus highlights underrecognition and the need for lifespan-sensitive assessment (Young
et al. 2020, DOI 10.1186/s12888-020-02707-9, PMID 32787804).
“Masking” should not become an unmeasurable explanation for every discrepancy. It can refer to genuine strategies and
social pressures, but it requires specific history: excessive preparation, hidden exhaustion, reliance on others, avoidance of
high-demand settings, or symptoms visible only after support collapses. Register and twin work finds that males may be
more likely to receive diagnosis or medication at comparable levels of measured traits, supporting a referral-bias component
(Mowlem et al. 2019, DOI 10.1007/s00787-018-1211-3, PMID 30097723).
Neuroscience evidence on sex-specific ADHD mechanisms remains much thinner than clinical epidemiology. Many imag-
ing studies are underpowered for interactions and historically male-skewed. Absence of a significant sex interaction is not
proof of identity, but speculative female-brain narratives are not a substitute for adequately sampled longitudinal research.
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29 Hormonal, sleep, environmental and demand transitions
Puberty, menstrual cycling, pregnancy, postpartum change, perimenopause, school transitions, shift work, parenthood, and
changing sleep opportunity can alter arousal, emotion, and executive demand. Clinical reports suggest symptom changes
around hormonal transitions, but direct mechanistic ADHD evidence is uneven. The safe point is that biological and social
transitions can change expression and treatment conditions; the unsafe point is a universal hormone-to-symptom formula.
Sleep is a particularly strong state modifier. Adolescent circadian delay collides with early schedules; stimulant timing can
affect sleep; sleep problems can intensify attention and emotional symptoms; and ADHD-related disorganization can itself
destabilize routines. These reciprocal arrows should be retained rather than choosing one cause.
Environmental demand is equally important. A child may appear regulated in a highly scaffolded primary classroom and
struggle when secondary school requires multiple teachers, long-term planning, and self-managed materials. An adult may
function in urgent team-based work and collapse under solitary paperwork. Changing phenotype can therefore reflect a
changing ratio between demands and scaffolds, not a changing moral commitment.

30 Development changes both phenotype and treatment response
Treatment evidence must be age-stratified because efficacy, adverse effects, learning context, family involvement, and func-
tional goals differ. Parent training can directly reshape the environment of a young child; organizational training becomes
more self-directed with age; medication choice and monitoring differ across stages; school accommodations have no exact
adult equivalent. The same symptom-scale effect can yield different developmental consequences depending on whether it
enables classroom learning, driving safety, or occupational stability.
Neural response may also vary with baseline maturation, but evidence is not sufficient to infer an individual child’s future
from a scan. A 2026 multisite structural-connectivity study reported developmental deviations related to symptoms and
differential prediction of atomoxetine outcomes, with no parallel methylphenidate prediction; this is an important emerging
result that requires independent prospective replication before clinical use (Xu et al. 2026, DOI 10.1038/s41551-026-01779-
4).
Development therefore changes the system, the task, and the meaning of success. A lifespan account must preserve all
three.

Development changes both the person and the task
Developmental interpretation requires two moving reference frames. The nervous system changes, but so do the tasks used
to evaluate it. A child may be supported by external schedules, repeated prompts, short work intervals, and immediate
feedback. An adolescent is expected to coordinate several teachers, distant deadlines, peer demands, sleep-phase shifts,
and increasing autonomy. An adult may need to construct the very scaffolding that was previously supplied. A rise in
impairment can therefore occur without a simple worsening of the underlying trait.
The reverse is also possible. Reduced overt hyperactivity or improved inhibition does not necessarily mean that every
vulnerability has normalized. People may acquire strategies, select environments that fit them better, rely on external
systems, or expend more effort to achieve the same visible result. Remission of diagnostic criteria, reduction of impairment,
compensation, and neural convergence are different outcomes and should not be used interchangeably.
Longitudinal evidence is consequently more informative when it follows trajectories rather than a single group mean. Per-
sistence, partial remission, recurrence, and context-dependent expression can arise through different combinations of matu-
ration, learning, comorbidity, treatment, opportunity, and environmental demand. A developmental model should predict
change within people and acknowledge that childhood and adult samples are not interchangeable snapshots of one static
condition.

Development is a moving relation between regulation and demand
The developmental question is not whether an ADHD brain simply “catches up.” Regulation, brain organization, social
support, and environmental demand all change at once. A child who performs adequately with one classroom, one backpack,
short deadlines, and repeated adult prompts may encounter a very different control problem when adolescence introduces
several teachers, delayed projects, peer evaluation, circadian delay, and unsupervised digital access. An adult then has to
build schedules, reminders, and task boundaries that were previously supplied by others.
This means that impairment can increase while some cognitive capacities improve. Working memory, inhibitory control,
planning, and cortical organization may mature, yet demands can rise faster than the supports available to meet them. The
opposite is also possible: symptoms can remain while functioning improves because the person acquires routines, selects
a suitable occupation, shares responsibilities, or uses treatment. Developmental outcome is therefore a relation among
capacity, compensation, context, and cost.
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Longitudinal neuroimaging reinforces the need for trajectories. Group differences in cortical thickness, surface area, sub-
cortical measures, white matter, or functional organization are typically small and heterogeneous. They are not a fixed
anatomical signature carried unchanged from childhood into adulthood. Apparent convergence may reflect maturation, se-
lective persistence, medication history, motion differences, compensatory reorganization, or who remains in the sample.
Cross-sectional age comparisons cannot by themselves determine which process occurred within a person.
Symptom remission must also be separated into components. Overt motor hyperactivity may decline or become an internal
sense of restlessness. Impulsivity may become less visible as consequences and strategies accumulate. Inattention can
persist as disorganization, prospective-memory failure, inconsistent initiation, or time-management difficulty. Falling below
a diagnostic threshold, experiencing less impairment, and showing neural similarity to a comparison group are distinct
outcomes; none should be substituted for another.
Sex and gender shape recognition and exposure without defining two separate disorders. Referral pathways can favor
disruptive behavior, while internalized distress or compensatory compliance receives less attention. Hormonal transitions,
pregnancy, the postpartum period, menopause, caregiving roles, and unequal environmental demands may alter symptom
expression or treatment decisions, but the evidence is uneven. Responsible teaching distinguishes replicated sex-linked
findings from plausible clinical considerations and from gaps created by underrepresentation.
Development also includes accumulated learning about the self. Repeated inconsistency can generate avoidance, shame,
defensive certainty, or dependence on crisis-level urgency. These learned adaptations are not reducible to the original
neurodevelopmental liability, yet they can later become major determinants of entry and persistence. Psychotherapy may
be especially relevant at this layer: it can change prediction, planning, self-talk, recovery after failure, and the design of the
environment even when it does not erase the underlying trait.
The strongest developmental model will therefore predict multiple paths: persistence, partial remission, compensation,
recurrence when demands rise, and improvement through better fit. It will measure not only symptoms but effort, supports,
opportunity, comorbidity, and real-world function. “What changed?” must be answered at each layer before the word
normalization is used.

A longitudinal reading requires at least four axes

Every follow-up should distinguish symptom expression, environmental demand, compensatory support, and control cost.
A student may report fewer symptoms after entering a highly structured program while depending on intensive reminders.
Another may retain symptoms yet function better after choosing work with rapid feedback. A third may meet fewer criteria
only because family members have absorbed the organizational burden. These trajectories are not equivalent.
Neural measures add a fifth axis but do not settle the others. Convergence in one cortical or connectivity measure can coexist
with persistent impairment; persistent group difference can coexist with successful compensation. The study therefore needs
repeated behavior, context, treatment exposure, effort, and function alongside imaging. Attrition must be modeled because
participants with the greatest instability may be least likely to complete long follow-ups.
The developmental claim becomes precise when it states the level and timescale: a symptom changed, a skill was learned,
a demand fell, a support increased, or a neural measure shifted. Only then can persistence, remission, compensation, and
reorganization be compared without collapsing them into the single word outcome.

Development changes both the controller and the world it must control

A developmental trajectory is an interaction between maturing systems and a changing task ecology. Increasing autonomy
removes external prompts at the same time that school, work, relationships, and sleep schedules become harder to coordinate.
Apparent remission may therefore reflect neural maturation, learned compensation, environmental fit, reduced demand, or
a different mixture of symptoms. Longitudinal interpretation must measure these possibilities rather than naming every
decline in symptom count “normalization.”
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Part thesis
ADHD has substantial genetic liability and multiple environmental modifiers and risks. Neither fact supports a single-gene
destiny model or a universal story of early emotional injury. Genes influence developmental probabilities, environments
are partly selected and evoked, and observational associations mix causal directions. Etiology, present mechanism, and
treatment target are different questions.

31 Heritability is a population statistic, not personal destiny
Twin and family studies consistently indicate high heritability for ADHD traits, with syntheses often placing it near three
quarters of population variance under the sampled conditions (Faraone & Larsson 2019, DOI 10.1038/s41380-018-0070-0,
PMID 29892054). Heritability is the proportion of variation statistically associated with genetic differences in a population
and environment. It is not the percentage of an individual’s ADHD “caused by genes.”
High heritability does not mean immutability. Height is highly heritable but responds to nutrition and disease; phenylke-
tonuria is genetic but environmentally treatable. Heritability can change when environments become more or less uniform.
It also says nothing by itself about which biological pathway mediates risk.
The correct conclusion is strong familial and genetic contribution at the population level. The incorrect conclusions are
that outcome is fixed, that environment is unimportant, or that a polygenic score can diagnose a person. Genetic evidence
rejects simple parent-caused accounts while leaving substantial room for developmental context, reciprocal processes, and
intervention.

32 Polygenic liability and many small common-variant effects
Genome-wide association studies compare common variants across very large samples. The first genome-wide significant
ADHD loci were reported in 2019; a larger 2023 analysis of 38,691 cases and 186,843 controls identified 27 risk loci and
implicated multiple cognitive and developmental domains (Demontis et al. 2019, PMID 30478444; Demontis et al. 2023,
PMID 36702997). A 2025 meta-analysis combining childhood diagnosis and symptommeasures extended this architecture
(van der Laan et al. 2025, DOI 10.1038/s41588-025-02295-y, PMID 40962958).
The central result is polygenicity: thousands of common variants each contribute very small changes in probability. No
common “ADHDgene” determines the phenotype. Loci do not map one-to-one onto symptoms, networks, or drug response;
variant association is the beginning of mechanistic work, not its completion.
GWAS also supports dimensionality because quantitative population traits share genetic signal with diagnosed cases. But
the samples have ancestry imbalances, diagnosis and symptom measures differ across cohorts, and statistical associations
do not specify cellular causation. Highly significant is not the same as individually predictive.

33 Rare variants and larger effects in a minority
Copy-number variants and rare coding variants can carry larger relative effects than common variants, especially in neurode-
velopmental contexts, while remaining uncommon and heterogeneous. A 2026 large rare-variant study reported high-risk
variants and convergent neuronal-developmental signals (Demontis et al. 2026, DOI 10.1038/s41586-025-09702-8, PMID
41224997). This advances biological resolution but does not transform ADHD into a monogenic disorder.
Rare-variant studies are sensitive to ascertainment, ancestry, sequencing coverage, annotation, and the presence of broader
developmental difficulties. A statistically high relative risk may correspond to a modest absolute probability because the
variant is rare and penetrance incomplete. The same variant can influence multiple outcomes.
The lecture should use rare variants to show causal plurality: some people may carry relatively large-effect developmental
risks, while the population phenotype is mostly shaped by many small effects and contextual interactions. Neither route
yields a deterministic biography.
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34 Genetic correlations and pleiotropy
ADHD genetic liability correlates statistically with multiple psychiatric, educational, sleep, substance-related, and
metabolic traits. These correlations indicate shared inherited influences across measured phenotypes. They do not show
that ADHD causes each correlated outcome or that one disorder is a subtype of another.
Pleiotropy complicates all single-pathway accounts. A variant may influence early neural development, temperament, sleep,
learning, or exposure to environments, thereby affecting several measured outcomes. Genetic correlation can also reflect
imperfect diagnostic boundaries or mediated effects. It does not identify the direction, developmental stage, cell type, or
network operation that matters.
This is why a causal graph is more useful than a list of correlations. Nodes include inherited variants, prenatal factors,
temperament, cognition, family responses, school fit, sleep, adversity, symptoms, and treatment. Multiple arrows can
connect them, including feedback. The graph is not proof of any particular arrow; it is protection against pretending that
one association settles direction.

35 Gene–environment correlation and interaction
Environments are not always external exposures randomly assigned to genetically unrelated people. Parents transmit both
genes and environments. A child’s activity, emotional intensity, or disorganization can evoke responses from adults and
peers. Older individuals select settings that fit or amplify their traits. These passive, evocative, and active gene–environment
correlations can create associations between family conditions and symptoms without a single one-way environmental
cause.
Gene–environment interaction asks whether the effect of an exposure differs by liability, or vice versa. Demonstrating it
robustly is difficult: large samples are needed, exposures are measured noisily, and multiple testing can generate unstable
findings. “Genes load the gun, environment pulls the trigger” is too binary for polygenic, recurrent development.
A better image is a trajectory repeatedly constrained and redirected. Genetic differences alter probabilities; environments
provide demands, protections, learning, stress, and opportunity; the developing person changes the environment in return.
This transactional framing is consistent with Hinshaw’s multilevel review (Hinshaw 2018, DOI 10.1146/annurev-clinpsy-
050817-084917, PMID 29220204), but each proposed interaction still requires direct evidence.

36 Prematurity and prenatal or perinatal risk
Preterm birth and several prenatal or perinatal complications are associated with later ADHD. These risks are not specific:
they can influence broad neurodevelopment, learning, motor function, and health. Association also varies with gestational
age, neonatal complications, socioeconomic context, and survival or ascertainment.
Prenatal smoking, alcohol, stress, obesity, medication, and pollutant exposures are frequently reported as correlates. Ordi-
nary observational comparisons can be confounded by inherited liability and family characteristics. Sibling comparisons,
negative controls, and genetically informed designs often attenuate apparently simple causal effects. An umbrella review
concluded that confidence varies and familial or genetic confounding explains part of several prominent associations (Kim
et al. 2020, DOI 10.1016/S2215-0366(20)30312-6, PMID 33069318).
The scientifically useful formulation is “risk marker or possible contributing exposure under specified evidence,” not “pre-
natal cause of ADHD.” Prevention claims require stronger causal designs than association claims.

37 Environmental exposures and causal-inference problems
Environmental research faces confounding, reverse causation, measurement error, selection, and correlated exposures. So-
cioeconomic disadvantage, pollution, nutrition, stress, healthcare access, sleep, and school quality cluster. Statistical ad-
justment can remove true pathways or leave residual confounding. Mendelian randomization adds assumptions rather than
magical randomization, and sibling designs address shared family factors while introducing other limitations.
A useful evidence ladder distinguishes temporality, dose–response, specificity, negative controls, quasi-experiments, sibling
comparisons, genetically informed models, and convergent mechanisms. No single rung guarantees causality. The stronger
the public claim, the more of this ladder it should survive.
This protects both science and families. Weak causal language can stigmatize parents, pregnant people, or communities
while diverting attention from modifiable current conditions. Qualified evidence can still justify reducing toxic exposures
or improving sleep and schooling for broad health reasons; it does not need an overstated ADHD-specific mechanism.
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38 Stress, adversity, trauma and socioeconomic context
Adverse childhood experiences are associated with ADHD diagnosis, symptoms, and impairment. A 2022 meta-analysis
included 70 observational studies and nearly four million participants, demonstrating that the association is not trivial
(Zhang et al. 2022, DOI 10.1002/brb3.2748, PMID 36068993). The causal interpretation remains complex.
Adversity may worsen attention, sleep, emotion, and functioning; increase clinical contact; or contribute to a partly overlap-
ping phenotype. ADHD-related behavior and parental ADHD can also increase family conflict, accident exposure, school
exclusion, and later adversity. Shared genetic and socioeconomic factors can influence both. Trauma-related symptoms
can be misidentified as ADHD, and the two can coexist.
Socioeconomic context affects chronic stress, environmental toxins, nutrition, school resources, diagnostic access, and
the feasibility of treatment. It can magnify impairment without being a single origin. A humane lecture acknowledges
environmental suffering while refusing to erase inherited liability or imply that all ADHD is a scar of trauma.

39 Parenting and attachment: consequence, modifier and uncertain causal di-
rection

Parenting is clinically important because family contingencies, routines, conflict, scaffolding, and parental well-being alter
daily function. Behavioral parent training can improve interactions and outcomes. This therapeutic relevance does not
prove that parenting caused the neurodevelopmental disorder. Child behavior influences caregivers, parental ADHD affects
organization, and stress cycles become reciprocal.
Insecure attachment has been associated with ADHD in a limited and heterogeneous literature. A 2021 review by Wylock
and colleagues is consistent with association, not with the proposition that attachment disruption is the primary cause
of ADHD. Diagnostic overlap, referral patterns, parental symptoms, child temperament, and shared adversity complicate
direction.
The distinction is crucial for interpreting Gabor Maté’s Scattered Minds. His emphasis on emotional attunement, stress,
relational safety, and compassionate self-understanding can contain valuable phenomenology and clinical framing. His
stronger causal prioritization of early environment over genetic architecture is in tension with contemporary twin, genomic,
and genetically informed evidence. This audit must be passage-specific once a complete legal text is available; the present
corpus supports only a proposition-level assessment, not verbatim adjudication.

EVIDENCE BOUNDARY

Assessment. Relationship and stress can modify regulation and healing: supported. Attachment disruption as a universal or primary cause of
ADHD: unproven and inconsistent with current genetic evidence. Parent blame: scientifically and clinically unjustified.

40 Why neither “all genes” nor “all childhood environment” survives scrutiny
An all-genes model cannot explain why symptoms vary with sleep, task structure, incentives, learning, relationships, and
developmental demand. An all-environment model cannot explain high twin similarity, molecular genetic association, rare-
variant risk, and ADHD traits visible across diverse environments. Both fail because they ask one factor to occupy every
causal level.
Multiple developmental routes can converge on similar behavior. Genetic liability can affect catecholamine regulation,
learning, arousal, motor control, or timing; adversity can alter sleep and threat processing; a learning disorder can make
school tasks punishing; family support can buffer all of these. Convergence at the phenotype does not imply convergence
at one biological lesion.
The integrated position is not a vague compromise. It makes sharper predictions: causal effects should vary by subgroup
and developmental period; genetically informed designs should change some environmental estimates; interventions can
help without reversing etiology; and the same present symptom can require different treatment priorities.
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41 Etiology, current state and treatment target are different questions
Etiology asks how a vulnerability developed. Current-state mechanism asks what is producing impairment now. Treatment
target asks what can be changed safely and effectively. These sets overlap, but they are not identical. A genetic contribution
can be treated through environmental scaffolding; a trauma history can coexist with a current sleep disorder; a medication
can improve control without correcting an original cause.
This distinction prevents reverse pharmacological inference. Methylphenidate’s benefit does not prove that ADHD was
caused by methylphenidate-sensitive dopamine deficiency, just as analgesic response does not identify the origin of pain. It
also prevents psychotherapy from being misrepresented as proof of environmental causation. Learning new strategies can
alter present behavior regardless of how the vulnerability arose.
For the FlowHijacked synthesis, causal variables become parameters that shape a state landscape across different timescales.
That is an organizing abstraction, not a replacement for molecular, developmental, and social evidence. Its value will depend
on whether it produces measurable predictions rather than merely redescribing complexity.

Causal layers: origin, expression, and leverage
Three questions are often collapsed: What contributed to the development of ADHD liability? What changes symptom
expression today? What can be modified to improve life now? The answers need not be the same. A factor can be etiologi-
cally important yet difficult to change, while another factor may not have caused the condition but may strongly influence
current impairment and treatment response.
Heritability is a population statistic defined within a particular range of environments. It does not measure how “genetic”
an individual is, specify a single biological route, or imply immutability. Polygenic liability can influence temperament,
learning, sleep, activity, and the environments people evoke or encounter. Environmental exposures can operate before birth,
through health and stress pathways, through educational opportunity, or by changing the demands placed on regulation.
Correlation among these levels complicates simple causal stories.
Attachment, parental attunement, adversity, and emotional climate can matter profoundly for regulation and wellbeing with-
out serving as a universal cause of ADHD. This is where compassionate clinical insight must be separated from etiological
proof. A useful causal model permits multiple routes, bidirectional influence, resilience, and change. It avoids blaming
families, avoids genetic fatalism, and directs intervention toward modifiable conditions even when those conditions were
not the original source of liability.

Causation requires more than choosing genes or environment
Heritability, molecular association, prenatal exposure, family stress, and attachment describe different levels of explanation.
They cannot be placed on one simple percentage scale. High heritability within a population does not imply a single
genetic route, does not determine an individual’s future, and does not make environments irrelevant. Polygenic liability can
influence development through many small pathways, while environments can alter expression, compensation, and access
to care.
The same caution applies to environmental claims. Association with adversity may reflect causal exposure, shared familial
liability, bidirectional effects, selection into environments, or measurement differences. Strong causal language requires
designs capable of separating at least some of these possibilities. Attachment and emotional attunement can be profoundly
important for regulation and wellbeing without being established as universal causes of ADHD.
For the lecture, the productive distinction is among origin, present expression, and leverage. A factor need not have caused
ADHD to be a powerful treatment target today. Sleep, task structure, family interaction, school fit, trauma treatment, and
economic stress can change the system’s operating conditions. This is a non-blaming, non-deterministic causal architecture:
inherited liability and developmental context interact, while intervention remains possible at several layers.
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Part thesis
“Pay attention” compresses a chain of distinct operations. The nervous system must choose information, construct a goal,
maintain it, suppress or postpone competitors, value future outcomes, allocate effort, monitor error, update after feedback,
resume after interruption, and eventually disengage. ADHD can affect different links in different people and moments. No
single task measures the chain, and no single failure mode explains the diagnosis.

42 Selection of relevant information
Selection amplifies information relevant to the current goal and limits the influence of competitors. It can be spatial—one
location rather than another—feature-based—red objects rather than blue—or conceptual—one rule rather than a tempting
alternative. Selection occurs at multiple stages, from sensory gain to working-memory prioritization.
Distractibility is not proof that early perception is globally weak. A distractor can receive too much priority because it is
novel, rewarding, threatening, or currently congruent with another goal. Alternatively, the active task representation may
be too unstable to bias competition. These possibilities predict different neural and behavioral signatures. Strong sensory
responses can coexist with poor goal-directed selection; weak sustained control can coexist with intact momentary orienting.
The classic distinction between dorsal goal-directed and ventral stimulus-driven attention was foundational, but network
boundaries have since become more nuanced (Corbetta & Shulman 2002, DOI 10.1038/nrn755, PMID 11994752). In
ADHD, meta-analytic task-fMRI findings are distributed and heterogeneous rather than a single broken selection module.
A selection error should therefore be described by task phase and stimulus conditions, not merely assigned to an “attention
network.”

43 Sustained attention and vigilance
Sustained attention is the capacity to maintain task-relevant processing over time, especially when events are infrequent and
stimulation is low. Vigilance tasks create precisely the conditions that reveal instability: long intervals, repetitive stimuli,
weak immediate reward, and rare targets. ADHD groups often show more omissions and more variable responses under
these conditions.
Yet sustained attention is not a reservoir that drains linearly. Performance can show slow drift, abrupt lapses, periodic
fluctuations, strategic speed–accuracy shifts, fatigue effects, and local stimulus history. Time-on-task effects can also reflect
motivation, arousal, learning, or mind wandering. Averaging the first and last half of a task erases many of these dynamics.
A formal representation treats performance as an observation (y_t) generated by an unobserved state (z_t):

𝑦𝑡 ∼ 𝑝(𝑦𝑡 ∣ 𝑧𝑡, 𝑠𝑡), 𝑧𝑡+1 ∼ 𝑝(𝑧𝑡+1 ∣ 𝑧𝑡, 𝑐𝑡),

where (s_t) is the current stimulus and (c_t) includes fatigue, reward, and context. This is a modeling scaffold, not evidence
that one latent state exists in the brain. It forces the correct question: did the computation become uniformly weaker, or did
the probability of entering a poor-performance state change?

44 Working-memory maintenance
Working memory keeps a limited representation active or readily retrievable while it is used. In real tasks, the fragile item
may be the next action, the rule, the reason a distraction should be ignored, or a future intention. Difficulty can arise during
encoding, maintenance, protection from interference, updating, or retrieval; a single span score cannot locate the problem.
ADHD groups show average working-memory difficulties, but effect size varies with modality, load, age, comorbidity,
medication status, and task design. Laboratory structure can reduce real-world demands by making the goal explicit and
the trial short. Daily life instead requires self-generated rehearsal and prospective organization across minutes or days.
Working-memory failure can therefore amplify every later operation. If the future goal loses representational strength, a
present reward need not be abnormally strong to win. Externalizing the goal—written next actions, visible time, placed ma-
terials, reminders at the point of action—changes the competition without claiming to alter the underlying storage capacity.
This is one reason behavioral scaffolding can improve function even when a neuropsychological test changes little.
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45 Response inhibition and action cancellation
Inhibition includes withholding a prepared response, cancelling an action already initiated, resisting distractor interference,
and delaying choice long enough to sample evidence. Go/no-go, stop-signal, Stroop, and interference tasks do not measure
identical mechanisms. Stop-signal performance, for example, depends on assumptions about independent go and stop
processes; violations can distort the inferred stop time.
Barkley’s theory made inhibition a central developmental bottleneck linking ADHD to working memory, self-regulation,
and action across time (Barkley 1997, PMID 9000892). It remains influential, but the broader literature does not support
a universal inhibition deficit that is necessary or sufficient for ADHD. Some individuals perform normally; motivational
and timing pathways contribute independently; task-fMRI meta-analyses implicate distributed systems with modest con-
vergence.
Recent EEG tensor decomposition separates an early posterior selection component from later response-control activity in
clinically relevant inhibition deficits (Gholamipourbarogh et al. 2026, PMID 40350038). This supports temporal decom-
position, not diagnostic classification. The safe conclusion is that inhibitory control is one important family of operations
within a heterogeneous disorder.

46 Proactive versus reactive control
Proactive control maintains the goal before conflict arrives. Reactive control is recruited after a conflict, error, or salient cue.
A person can succeed reactively—recovering when an alarm, deadline, or visible error appears—while failing to sustain the
anticipatory configuration needed to prevent the problem. This difference helps explain why external urgency can transform
performance.
Proactive control is expensive because it occupies representational and energetic resources without immediate evidence that
they are needed. It therefore depends on expected value, uncertainty, fatigue, and the reliability of future payoff. Reactive
control can be effective but late, creating a life organized around crisis.
The distinction is useful clinically and experimentally, though direct ADHD evidence varies by paradigm. Cue–target
intervals, conflict adaptation, pupil-linked arousal, and preparatory neural activity can separate modes better than overall
accuracy. In the Flow Hijacked frame, proactive support raises the probability that the appropriate configuration exists
before perturbation; reactive support changes recovery after departure. These are hypotheses to operationalize, not labels
to apply retrospectively to every behavior.

47 Task initiation and prospective memory
Task initiation is not a standard cognitive module. It is the behavioral outcome of intention formation, prospective memory,
valuation, sequencing, arousal, and action selection. The “first step” may remain abstract; the cue may not arrive at the
right moment; the anticipated effort may dominate a delayed reward; or another activity may have high switching costs.
Prospective memory asks a system to remember to act later. It requires an intention to survive while attention is elsewhere
and to be retrieved when a time, event, or context occurs. ADHD research suggests difficulties, but the literature is smaller
than work on inhibition or working memory and direct neural evidence is sparse. Failures are particularly likely when cues
are nonfocal and monitoring must be self-initiated.
External systems work by altering this architecture. “At 15:00, open the tax folder and find the first missing document” is
a stronger event–action mapping than “do taxes.” A reminder delivered away from the place of action may merely create
another intention to remember. Treatment outcome should distinguish knowing the plan, initiating it, and completing it.

EVIDENCE BOUNDARY

Figure concept— the initiation chain. Intention → cue detection → goal retrieval → first-action selection → motor commitment. Annotate distinct
failure and intervention points; avoid one “motivation” box.
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48 Effort allocation and persistence
Effort is allocated when expected benefits justify control costs. Contemporary control theory often expresses this as a
comparison between expected performance gain and subjective cost. A generic objective is

𝑢∗
𝑡 = argmax

𝑢∈𝒰
(𝔼[𝑅𝑡∶𝑡+𝐻 ∣ 𝑢, 𝑐𝑡] − 𝐶(𝑢 ∣ 𝑎𝑡)),

where (u) is control intensity, (R) future reward, (C) subjective cost, (a_t) arousal, and (H) the represented horizon. The
equation is a normative scaffold; it does not identify a literal calculator in the brain.
In ADHD, low persistencemay reflect reduced benefit from a distant outcome, elevated cost of maintaining control, unstable
representation of the horizon, insufficient arousal, or noisy execution after a sensible choice. Work byWinter and colleagues
explicitly asks whether atypical effort behavior reflects decision-making or execution (Winter, Ben-Pazi & Pollak 2019, DOI
10.1177/1087054716654569, PMID 27329487).
This distinction undermines “not trying.” A person can value the final outcome while the momentary expected value
of control repeatedly falls below competing alternatives. Immediate feedback, social presence, shorter horizons, visible
progress, or medication may change different terms in the objective. No single manipulation works universally because the
governing term can differ.

49 Delay discounting and delay aversion
Temporal discounting describes how subjective value declines with delay. A common hyperbolic form is

𝑉 (𝐷) = 𝐴
1 + 𝑘𝐷,

where 𝐴 is reward magnitude, 𝐷 delay, and 𝑘 > 0 the discount rate. Larger estimated 𝑘 means stronger preference for
immediacy under that model. ADHD groups show steeper monetary delay discounting on average in case–control meta-
analysis, but distributions overlap and estimates depend on reward type, real versus hypothetical outcomes, delay range, and
model (Jackson & MacKillop 2016, DOI 10.1016/j.bpsc.2016.01.007, PMID 27722208).
Delay aversion is related but distinct. It proposes that waiting acquires negative value and behavior seeks to escape or avoid it,
especially when alternatives exist (Sonuga-Barke 2003, PMID 14624804). A person can estimate time accurately yet dislike
delay, or misestimate duration without preferring immediacy. Combining both under “impulsivity” loses mechanism.
Reward-related behavior is heterogeneous. Ventral-striatal differences are most consistently discussed during reward antici-
pation, but task phase, incentive, and sample alter findings (Plichta & Scheres 2014, DOI 10.1016/j.neubiorev.2013.07.012,
PMID 23928090). Incentive-dependent performance improvement is evidence of context modulation, not voluntary symp-
tom production.

50 Interval timing, time estimation and “time blindness”
Temporal processing includes perceiving duration, producing an interval, comparing intervals, synchronizing movement,
estimating how long a task will take, and representing a future deadline. These processes recruit partially different sensory,
striatal, cerebellar, and prefrontal mechanisms. “Time blindness” is a vivid clinical phrase for failures of temporal self-
management; it is not a single standardized biological construct.
Meta-analysis in children and adolescents reports group differences in time perception, often more apparent at longer
intervals, with heterogeneity across methods (Zheng et al. 2022, DOI 10.1177/1087054720978557, PMID 33302769).
A task-fMRI meta-analysis identified distributed timing-related differences and medication-sensitive moderators, but the
literature was small and coordinate-based (Hart et al. 2012, DOI 10.1016/j.neubiorev.2012.08.003, PMID 22922163). Adult
review likewise finds a decade of mixed tasks rather than one deficit (Mette 2023, DOI 10.3390/ijerph20043098, PMID
36833791).
Temporal self-management also depends on working memory and prospective memory. A distant future can exert little
control if it is not represented at the moment of choice. Visible clocks, intermediate deadlines, and precommitment can
improve the mapping between future intention and present action without proving that an internal clock was repaired.
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51 Response-time variability and performance fluctuation
Let reaction time 𝑇 have density 𝑝(𝑇 ). A single mean 𝜇 = 𝔼[𝑇 ] ignores dispersion, skew, and temporal dependence. Ex-
Gaussian models write 𝑇 = 𝑋 + 𝑌 , with 𝑋 ∼ 𝒩(𝜇, 𝜎2) and 𝑌 ∼ Exp(1/𝜏), so 𝜏 captures a long right tail. Drift-diffusion
models instead attribute choices and times to latent evidence accumulation, boundary separation, nondecision time, and
trial variability. These parameterizations are not interchangeable explanations.
ADHD research often finds increased intra-individual response-time variability, especially a larger slow tail. The tempting
interpretation is periodic attentional lapse. That is plausible, but motor variability, speed–accuracy policy, arousal, mind
wandering, learning, and measurement error can contribute. Trial order matters: independent slow trials imply something
different from clustered or oscillatory lapses.
Recent trial-level neuroimaging work warns that a brain measure differing on average between groups may not predict the
trials onwhich a given person slows (Tammet al. 2025, PMID 40511327). A validmechanism should connect within-person
neural state to within-person behavior, survive out-of-sample testing, and not depend on motion or flexible preprocessing.
Variability is therefore central evidence for dynamics and a central source of methodological caution.

52 Mind wandering, perceptual decoupling and meta-awareness
Mind wandering is thought that departs from the current external task. It can be deliberate or spontaneous, rich in content
or blank, future-oriented or autobiographical. Perceptual decoupling refers to reduced processing of external input while
internal cognition dominates. Meta-awareness is awareness that the mind has wandered. These dimensions predict different
consequences.
ADHD is associated in several studies with more spontaneous task-unrelated thought and weaker context regulation, moti-
vating a mind-wandering perspective on the disorder (Bozhilova et al. 2018, DOI 10.1016/j.neubiorev.2018.07.010, PMID
30036553; Bozhilova et al. 2021, DOI 10.1177/1087054720956714, PMID 32942934). Experience-sampling EEG work
begins to link reported state to event-related dynamics (Bozhilova et al. 2022, DOI 10.1016/j.nicl.2022.103068, PMID
35696811).
Mind wandering is not equivalent to DMN activation, and DMN activity is not inherently a lapse. Internally generated
thought supports planning, memory, creativity, and self-understanding. The dysfunction lies in insufficient control over
timing, content, or reorientation. A 2022 adolescent study found DMN connectivity related to delay aversion and dis-
counting but not reported mind wandering, a useful contradiction to one-to-one mapping (Broulidakis et al. 2022, DOI
10.1016/j.ijpsycho.2022.01.007, PMID 35032471).

53 Interruption, re-entry and task switching
An interruption does more than consume its duration. It replaces the active goal, changes working-memory contents, and
may leave an unfinished intention competing for retrieval. Re-entry requires reconstructing where one was, what mattered,
and what comes next. If the original goal representation was fragile, the restart cost can exceed the interruption itself.
Switching has at least two components: disengaging from the current set and configuring the next. A person may switch
too readily toward salient novelty yet resist leaving an absorbing activity. There is no contradiction if entry and exit hazards
depend on the current state, reward, and switching cost. “Distractible” and “stuck” can be two directions of inflexible
allocation.
ADHD-specific naturalistic re-entry data remain limited, so the lecture should distinguish general interruption science from
ADHD inference. Measurable outcomes include resumption lag, error after resumption, loss of place, and probability of
never returning. Environmental design can reduce these costs through interruption barriers, restart notes, protected blocks,
and cues placed at the re-entry point.

54 Hyperfocus, flow, perseveration and unresolved boundaries
Flow is commonly defined by deep absorption, a balance between challenge and skill, clear goals, immediate feedback,
and a sense of fluent control. Hyperfocus is usually described by intensity and duration, sometimes with loss of time
awareness and difficulty disengaging. Perseveration emphasizes continuation despite a changed rule or declining utility.
The phenomena can overlap without being identical.
Empirical hyperfocus studies find associations with ADHD traits, distractibility, and executive-function complaints, but
operational definitions are still developing (Hupfeld et al. 2019, PMID 30267329; Zhang et al. 2023, DOI 10.1371/jour-
nal.pone.0292215, PMID 37878578; Garcia Pimenta et al. 2024, DOI 10.1016/j.ridd.2023.104639, PMID 38039699). The
AHQ-D improves measurement structure but was validated with only a small diagnosed-ADHD subgroup and provides no
direct neural mechanism (Hupfeld et al. 2024, PMID 39169147).
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The defensible synthesis is that hyperfocus challenges a pure capacity deficit and points toward allocation, capture, persis-
tence, and release. It does not yet justify a specific dopamine curve, network state, or ADHD-exclusive mechanism. The
crucial outcome is not simply hours focused; it is whether focus matches the person’s chosen goal, remains responsive to
changing priorities, and can be left without disproportionate cost.

EVIDENCE BOUNDARY

End-of-part synthesis. Attention is a controlled sequence across time. ADHD can alter the reliability of that sequence through partially separable
executive, motivational, temporal, arousal, and contextual routes. The next part must therefore introduce multiple networks and ask how they form
temporary coalitions, rather than search for one anatomical “attention system.”

55 Parts I–V evidence boundary and hand-off
Established evidence: ADHD is a clinically defined, impairing, heterogeneous developmental disorder with strong poly-
genic liability; symptoms and functioning vary with development and context; average differences occur across executive,
motivational, timing, emotional, sleep, and variability measures.
Supported interpretation: For many people, impairment is better described as unreliable recruitment, maintenance, and
flexible allocation of control than as the total absence of attentional capacity.
Plausible synthesis: Developmental liability and current state variables jointly change the probability that goal-relevant
operations become available when needed.
Not established: A unitary executive lesion; one dopamine deficiency; one attachment cause; one “time blindness” mech-
anism; a known neural signature of hyperfocus; or an individual diagnostic biomarker.
Open questions: Which within-person state changes precede real-world task departure? Which mechanisms distinguish
initiation failure from release failure? Which developmental trajectories are convergence, compensation, or environmental
fit? Which causal subgroups predict differential benefit from medication, psychotherapy, sleep treatment, and scaffolding?

Decomposing a failed task
“Attention failed” is usually too coarse to guide measurement. Before a task begins, the person must represent the goal,
estimate time, value a delayed outcome, inhibit an easier alternative, and cross an initiation threshold. During performance,
the system must maintain the rule, select relevant input, monitor conflict and error, pace effort, and protect the task from
internal and external capture. After disruption, it must detect departure, reconstruct context, and re-enter. At completion,
it must release the old set and transition to the next demand.
Different laboratory tasks sample different slices of this sequence. A response-inhibition task does not measure organization
in daily life; a continuous-performance task does not isolate motivation; a working-memory span does not by itself reveal
why an intention was never encoded. Even apparently objective measures contain task-specific assumptions about speed,
strategy, fatigue, and the value of errors.
The practical implication is a process-level formulation. Instead of asking only whether a person “has executive dysfunc-
tion,” ask where the lifecycle becomes fragile, which contexts expose that fragility, and what compensatory route already
works. This decomposition makes room for dissociation: someone may select information accurately once engaged yet
struggle to initiate, or may enter easily but fail to recover after interruption. Treatment can then target the weak operation
rather than an undifferentiated faculty.

A process trace is more informative than the word attention
Consider the apparently simple act of submitting a form. The person must notice the requirement, represent the future
consequence, estimate how long the task will take, locate the materials, inhibit an easier alternative, begin before urgency
becomes extreme, maintain the rule while reading, detect errors, tolerate boredom, and remember to press the final button.
A failure at any link can be reported afterward as “I could not focus.”
This trace separates control operations that laboratory tasks often blend. Response inhibition, working-memory mainte-
nance, prospective memory, temporal estimation, effort valuation, and error monitoring are related but not interchangeable.
A person can perform normally on one while struggling on another; a task can improve through strategy without changing
the underlying operation that first appeared to be deficient.
Treatment becomes more precise when it targets the weak transition. A visible first action may reduce entry cost. Timed
external cues may protect prospective memory. Immediate feedback can stabilize an early task state. A distraction plan can
accelerate re-entry. Medication may alter the operating conditions under which several of these policies become usable.
The phrase executive dysfunction is useful only when it is followed by this finer process map.
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One ordinary task, observed from cue to release

Take a task that is common and consequential: answering an important email. At time zero the message is noticed. The
person must classify its significance, decide whether a response is required, preserve the intention while gathering informa-
tion, and assign the task a place in time. If the response is deferred, the system must create a cue strong enough to reactivate
the intention later. Failure can occur before any writing begins.
Entry then requires reducing the action space. “Answer the email” is not yet an executable operation. Opening the thread,
locating the requested document, writing one factual sentence, or setting a ten-minute draft interval is. A visible next action
reduces retrieval and choice demands. The intervention is not motivational rhetoric; it changes the representation from an
abstract obligation to a reachable transition.
During composition, working memory holds the communicative goal while language, social prediction, error monitoring,
and inhibition compete for access. Perfectionistic checking can consume the same control resources as distraction. A new
notification can displace the draft, while an internally generated concern can do so without any external event. The outward
behavior—no sent message—does not reveal which route occurred.
Re-entry is a separate operation. The person has to notice departure, reopen the correct window, reconstruct what has been
written, recover the intended tone, and identify the next missing unit. A short re-entry note written before switching can
preserve this state information. Environmental design and metacognitive skill can therefore reduce recovery cost even if
the probability of interruption is unchanged.
Completion is not the end of control. The draft must cross a sufficiency threshold, the send action must occur, and the
system must release the task. Endless revision is not successful persistence if it prevents adaptive completion. Conversely,
rapid sending without error monitoring may be an impulsive exit. The criterion depends on the task, not on maximal speed
or maximal dwell.
This single trace yields distinct measurements: cue-to-open latency, open-to-first-word latency, uninterrupted dwell, number
and cause of departures, re-entry duration, revision count, send time, subjective effort, and recovery afterward. Different
treatments can improve different variables. The phrase “better attention” should be reserved for a pattern whose operational
meaning has been stated.

Worked decomposition: producing a consequential report

Consider a report due in three weeks. At the moment it is assigned, prospective memory must preserve a future intention
without allowing it to dominate every present action. Temporal estimationmust translate an abstract deadline into a plausible
sequence of work intervals. Valuation must make an outcome that is delayed and uncertain competitive with immediate
alternatives. None of these operations is identical to selecting a relevant stimulus on the screen.
Entry begins when the person converts “write report” into an executable next action. The relevant failure may be ambiguity
rather than ignorance: the goal has too many unresolved branches, no visible stopping rule, and no cue specifying where
to begin. Task decomposition, a prepared document, an external start time, or another person’s presence can reduce this
boundary complexity. Their effectiveness does not prove that the underlying condition is motivational or environmental; it
shows that performance is jointly produced by person, task, and scaffold.
Once work starts, several controls must coexist. Working memory maintains the current claim, selective attention protects
the evidence being read, inhibition limits a tempting response, and monitoring detects when a paragraph no longer serves
the argument. A lapse may be external capture, spontaneous thought, confusion, fatigue, or a strategic pause. Those events
can look identical in a reaction-time series while requiring different corrections.
Recovery is its own operation. After an interruption, the system must reconstruct what was being attempted, recover
the unresolved subgoal, and suppress the attractive thread introduced by the interruption. Measuring only total time hides
whether poor completion arose from frequent exits or from a very high cost of each return. A person with few but prolonged
derailments may need a different intervention from someone with many brief lapses and rapid recovery.
Release also matters. Continuing to polish after the decision-relevant threshold has been reached can impair performance
elsewhere. Intense persistence is not automatically adaptive merely because it produces long dwell time. The criterion is
context-sensitive control: remain when marginal work retains value, switch when another priority becomes dominant, and
preserve enough state information to resume later.
This decomposition creates falsifiable treatment questions. Medication might shorten entry latency without teaching task
decomposition. Cognitive-behavioral treatment might improve cue construction and re-entry while leaving laboratory inhi-
bition largely unchanged. Sleep treatment might reduce late-session collapse. A reward manipulation might alter initiation
yet have little effect after a state is established. “Attention improved” is therefore the beginning of analysis, not its conclu-
sion.

39



PART VI

THE NETWORK CAST — BEYOND ‘DEFAULT

VERSUS TASK POSITIVE’

Give the audience the component systems needed to understand coordination without inventing one task-positive network.

Raichle · Corbetta · Seeley · Dosenbach · Menon · Power



FLOW HIJACKED · ADHD INTO THE TASK

Part proposition
The brain does not contain a single attention module that becomes globally weak in ADHD. Nor does it contain one
internally oriented network that must be defeated by one “task-positive” opponent. Goal-directed performance is produced
by a temporary configuration: sensory systems represent whatmatters; dorsal attention systems bias selection; frontoparietal
systems hold and update rules; cingulo-opercular systems maintain set and monitor performance; salience and reorienting
systems change priorities; corticostriatal loops evaluate and select policies; thalamic and neuromodulatory systems regulate
access and gain; cerebellar systems predict timing and error; motor systems prepare and execute the response; memory
systems preserve the goal across interruption. The configuration differs from task to task and from moment to moment.
The central move is therefore from network opposition to configuration adequacy. The scientific question is not sim-
ply whether default-mode activity is high and task activity is low. It is whether the required coalition can be assembled,
stabilized, revised, and released at the right time.

56 What a large-scale network is — and is not
At the scale of fMRI, a network is usually inferred from patterned covariation: regions whose signals co-activate during
tasks, correlate at rest, or share a statistical component. At the scale of EEG or MEG, it may be inferred from phase,
amplitude, directed dependence, or source-space coupling. At the scale of anatomy, it may refer to white-matter tracts and
recurrent loops. These are related descriptions, not interchangeable measurements.
Represent a parcellated brain by a time-indexed graph

𝐺(𝑡) = (𝑉 , 𝐸(𝑡), 𝑊(𝑡)),

where 𝑉 is a set of regions, 𝐸(𝑡) the estimated edges at time 𝑡, and 𝑊(𝑡) = [𝑤𝑖𝑗(𝑡)] their weights. A “network” may mean
a subset of vertices, a community detected from 𝑊 , or a canonical label transferred from another atlas. Its apparent borders
therefore depend on parcellation, acquisition duration, preprocessing, thresholding, state, and task. Yeo et al. (2011) and
Power et al. (2011) gave the field influential but nonidentical cortical partitions. Neither is a final anatomical dictionary.

ESTABLISHED EVIDENCE

Large-scale systems can be reproducibly identified at a coarse level, and their interactions vary with cognitive demand
(Raichle et al., 2001; Seeley et al., 2007; Dosenbach et al., 2007; Yeo et al., 2011; Power et al., 2011; Cole et al., 2013).
Boundary. A functional edge is not a synapse, correlation is not communication, and temporal precedence in BOLD data
is not proof of neural causation. A difference between two diagnostic groups is not a biomarker for an individual.

EVIDENCE BOUNDARY

CORE SENTENCE A network name is a coordinate system for inquiry, not an autonomous object inside the head.

Figure concept 6A — One brain, three descriptions

A three-layer plate shows anatomical tracts, functional correlations, and time-varying effective models over the same nodes.
Identical colors indicate correspondence; dotted boundaries show that the partitions do not coincide exactly. Caption: “The
map changes with the measurement.”

57 The default-mode network as adaptive internal cognition
The default-mode network (DMN) became visible not because the brain became inactive at rest, but because a coherent
set of regions often showed lower average activity during externally demanding tasks than during unconstrained conditions.
Canonical nodes include medial prefrontal cortex, posterior cingulate/precuneus, angular gyrus and lateral temporal cortex,
with important interactions with hippocampal and parahippocampal systems (Raichle et al., 2001; Buckner et al., 2008).
Calling it “default” never meant useless. DMN activity participates in autobiographical memory, imagining futures, con-
structing social models, semantic integration, self-related appraisal, and linking the present to longer temporal horizons.
Those functions can help a task. Planning an essay, understanding a character, considering another person’s intention, or
remembering why a goal matters may require cooperation between DMN and control systems. Some externally oriented
tasks suppress selected DMN components; other tasks recruit them.
This matters ethically and scientifically. If internally generated thought is described as neural failure, creativity, memory
and self-reflection are pathologized. The regulatory problem is contextual fit: is internal cognition serving the present
goal, coexisting with it, or displacing the sensory and control processes the task presently requires?

ESTABLISHED EVIDENCE
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The DMN is an adaptive set of interacting systems, and task-related attenuation is component- and demand-specific (Raichle
et al., 2001; Buckner et al., 2008).
Rejected simplification. “ADHD is an overactive DMN.” ADHD studies report both stronger and weaker within-DMN
coupling, altered modulation, and small cross-network differences whose direction depends on node, age, state, and method
(Castellanos et al., 2008; Uddin et al., 2008; Gong et al., 2019; Sütçübaşı et al., 2020; Cortese et al., 2021; Norman et al.,
2023; Shi et al., 2026).

58 DMN subsystems: memory, self, simulation, and planning
The DMN should not be taught as a single scalar 𝐷(𝑡). Posterior medial, medial temporal, and dorsomedial subsystems
contribute differently tomemory construction, contextual simulation, social cognition, and self-referential evaluation. Their
participation changes with task semantics and temporal horizon. Even the posterior cingulate and medial prefrontal cortex
need not move together.
A better reduced description is a vector

d(𝑡) = (𝑑pm(𝑡), 𝑑mtl(𝑡), 𝑑dm(𝑡), …),

with task performance depending not on minimizing ‖d(𝑡)‖, but on realizing an appropriate pattern of within-DMN and
cross-network coupling. In a prospective-memory task, medial-temporal/DMN processes may preserve a future intention
while FPN maintains the current rule. During stimulus discrimination, the same internal construction could become inter-
ference if it decouples processing from the sensory stream.

SUPPORTED INTERPRETATION

ADHDmay involve difficulty regulatingwhich internally oriented components remain coupled to control andwhich become
decoupled from present demands. The evidence currently supports distributed coordination differences more securely than
it supports any subsystem-specific causal lesion.

OPEN QUESTION

Do spontaneous task departures in ADHD contain more autobiographical simulation, more unconstrained semantic as-
sociation, more “mind blanking,” or different mixtures by arousal state? Experience sampling suggests heterogeneity;
neuroimaging rarely identifies thought content precisely enough to answer.

59 Frontoparietal control network: flexible rules, not generic effort
Frontoparietal control network (FPN) regions, including lateral prefrontal and posterior parietal areas, participate flexibly
across many tasks. Their connectivity can reconfigure with the rule, target, and uncertainty. Cole et al. (2013) characterized
such regions as flexible hubs: their value lies partly in changing partners rather than remaining permanently attached to
one task module.
FPN should not be equated with “willpower.” It represents and adjusts task-relevant mappings: what counts as a target,
which rule is active, which response is permitted, which feature deserves weight, and when a strategy should change. A
person may understand a rule but fail to keep it stable; maintain it but fail to translate it into motor policy; or implement it
until an unexpected salient event changes network priorities.
Task-fMRI meta-analysis moved ADHD away from a single frontostriatal lesion toward distributed systems differences
(Cortese et al., 2012). More recent work reports mixed mean activation but altered network organization, trial-to-trial rep-
resentational stability, and rest-to-task reconfiguration. In children, reduced temporal and spatial stability of salience/FPN
activity patterns has been related to fluctuating control performance (Gao et al., 2025). In another pediatric study, network
organization changed differently as cognitive demands increased (Michael et al., 2025).

SUPPORTED INTERPRETATION

“Inconsistently assembled or stabilized control representations” is more faithful than “underactive prefrontal cortex.”
Boundary. Both recent studies are cross-sectional and method-sensitive; a group difference in multivariate stability does
not tell us why a given individual missed a deadline.
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60 Dorsal attention network: selecting what to sample
The dorsal attention network (DAN), classically involving intraparietal sulcus/superior parietal cortex and frontal eye fields,
supports goal-directed selection of spatial locations and features (Corbetta & Shulman, 2002; Petersen & Posner, 2012). It
biases sensory processing toward what the current goal declares relevant. It is neither identical to FPN nor sufficient for
task performance.
ADHD findings include altered coupling among DAN, DMN, frontal eye fields, visual cortex, and control systems, but
regional activation effects are not directionally uniform. Large samples find slightly less negative DMN–DAN coupling
on average in youth, while some task-connectivity studies identify specific frontal-eye-field coupling differences and no
ventral-attention effect (Norman et al., 2023; Metin et al., 2024; Norman et al., 2025). The effect in large samples is real at
the group level but very small.
ESTABLISHED SMALL EFFECT. Average DMN–DAN segregation differs slightly in several large datasets.
Not established. That difference cannot diagnose ADHD, explain every lapse, or prove that the networks are locked in a
zero-sum contest. Anticorrelation is shaped by preprocessing, and collaboration between DMN and DAN can be useful in
tasks that join internal models to external sampling.

61 Ventral attention and reorienting systems: interruption can rescue or derail
The ventral attention network (VAN) is often described as a right-lateralized system that responds when behaviorally rel-
evant events violate expectations and require reorientation (Corbetta & Shulman, 2002). Depending on atlas and paper,
parts of temporoparietal junction, inferior frontal cortex, anterior insula, and operculum are assigned differently to VAN,
salience, or cingulo-opercular systems. The labels should not be silently merged.
Reorienting is not intrinsically pathological. The same machinery can rescue a person from perseverating on the wrong
problem, or pull the person away from a fragile task state toward a notification. Its value depends on the precision of salience
assignment: how strongly an event is weighted, how much uncertainty it resolves, and whether it advances the active goal.
Adults with ADHD have shown weaker VAN/salience–DMN anticorrelation and altered auditory coupling; in that study,
strongerVAN/salience–auditory segregation related to better distraction resistance (Blomberg et al., 2022). Yet atlas overlap,
small samples, and unmeasured arousal prevent a clean “VAN deficit” conclusion.

SUPPORTED INTERPRETATION

Interruptibility can be understood as context-sensitive reorienting with altered thresholds or downstream stabilization, not
simply as a weak capacity to concentrate.

62 Salience network: arbitration, not a literal master switch
The salience network is commonly centered on anterior insula and dorsal anterior cingulate, with subcortical partners.
It integrates signals about novelty, bodily state, uncertainty, error, reward, and affective significance (Seeley et al., 2007;
Menon & Uddin, 2010). Sridharan et al. (2008) reported that right fronto-insular activity preceded changes between default
and executive systems, motivating a switching account.
The word “switch” is helpful only if it is not literalized. A light switch has two discrete states and one controller. A
brain transition is distributed, noisy, graded, and context dependent. The insula can be an influential hub without being
an executive homunculus. ADHD studies report salience-centered connectivity differences, greater temporal variability,
altered state occupancy, and associations with symptoms or stimulant response. Cai et al. (2018) found replicated time-
varying salience-centered interactions related more strongly to inattention than static averages. Acute methylphenidate
shifted salience–FPN–DMN dynamics in a small randomized crossover study (Mizuno et al., 2022; Cai et al., 2023).
Counterevidence matters: some paradigms find preserved anterior-insula switching responses; salience, VAN, and cingulo-
opercular definitions overlap; directions vary by task and development.

SUPPORTED INTERPRETATION

ADHD may involve altered arbitration among candidate network configurations.
Not established. There is no proven single “broken switch.”
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63 Cingulo-opercular systems: holding the set across time
Dosenbach et al. (2007) distinguished a rapid, adaptive frontoparietal control system from a cingulo-opercular system
associated with stable task-set maintenance and performance monitoring. The distinction is imperfect across atlases, but
conceptually important. Flexible adjustment and tonic maintenance are different demands.
A learner can recruit the correct rule after each reminder yet fail to keep the rule active across a long interval. Conversely,
a person can maintain a set rigidly and fail to adapt when circumstances change. ADHD research often compresses both
into “executive dysfunction.” Large connectome work and task studies implicate distributed cingulo-opercular connectivity
and differentiation, while direct causal and treatment-specific evidence remains limited (Mooney et al., 2024; Michael et
al., 2025).

SUPPORTED INTERPRETATION

Some performance variability may arise not at rule discovery but during sustained set maintenance, error monitoring, or
recovery after error.

OPEN QUESTION

Which aspect—tonic maintenance, performance monitoring, post-error adjustment, or coupling to arousal—best predicts
spontaneous task exit within individuals? Existing group studies rarely sample all four at adequate temporal resolution.

64 Reward and corticostriatal loops: value enters the control equation
Corticostriatal organization is plural. Ventral loops involving nucleus accumbens contribute to reward anticipation, incen-
tive salience, and motivated engagement. Dorsal caudate/putamen loops contribute to action selection, habit, motor policy,
timing, and cognitive control. Prefrontal, limbic, and motor territories overlap and interact rather than forming sealed
channels.
Meta-analytic work has reported average ventral-striatal hyporesponsiveness during reward anticipation in ADHD, with a
medium standardized difference in an early synthesis (Plichta & Scheres, 2014). The effect is not universal and changes
with reward phase, task design, age, comorbidity, and medication. Dorsal striatal structure and function also show small,
age-dependent differences. Medication-naïve pediatric seed studies helped expand the field beyond DMN-only accounts
(Zang et al., 2009).
SUPPORTED META-ANALYTIC GROUP SIGNAL. Early synthesis supports an average difference in anticipatory
ventral-striatal response, while the wider corticostriatal literature is heterogeneous across reward phase, task, age, comor-
bidity, and medication.
Unsupported leap. Ventral-striatal findings do not establish a single reward-deficiency syndrome, explain hyperfocus
directly, or prove that low motivation is voluntary.

65 Thalamocortical gating: access, precision, and arousal
The thalamus is not a uniform relay. Distinct nuclei participate in sensory transmission, cortical coordination, arousal,
and cortico-thalamo-cortical loops. ADHD studies report thalamic connectivity differences with attention, visual, default,
and fronto-opercular systems, but the literature is less replicated than for cortical and striatal systems. Dynamic insular
connectivity with thalamus has also been reported in children (Fateh et al., 2022).
One possible role is gating: controlling which signals receive sufficient precision or gain to influence a current network
configuration. Another is timing and coordination across cortical systems. These are plausible mechanistic interpretations,
not ADHD-specific causal findings.
EMERGING EVIDENCE. Thalamocortical coupling is implicated in some ADHD cohorts.
Boundary. Directed-connectivity or transfer-entropy estimates derived from short BOLD scans do not establish physiolog-
ical direction. Nucleus-specific conclusions require acquisition and parcellation capable of resolving thalamic substructure.
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A task is a temporary network coalition

DMN

FPN

DAN

SN / VAN

striatum thalamus

cerebellum

Edges mean possible coordination, not fixed wiring or a measured ADHD effect.

66 Cerebellar timing, prediction, and coordination
The cerebellum contributes beyond movement. It supports temporal prediction, error-based learning, sensorimotor calibra-
tion, and closed-loop interactions with prefrontal and striatal systems. Structural and task meta-analyses have repeatedly
implicated cerebellar regions in ADHD, although localization varies and effect sizes are generally small (Cortese et al.,
2012; broader corpus synthesis).
This system matters for a dynamical account because stable task engagement requires prediction: when a target will appear,
how long a response should be withheld, how an action’s consequence updates the next action, and how pacing should
change. Cerebellar timing differences could contribute to response variability without being a primary “attention” deficit.

ESTABLISHED EVIDENCE

Cerebellar involvement is supported across structural, task, and connectivity literatures.

OPEN QUESTION

Which cerebellar computations—interval prediction, error correction, arousal coupling, or motor timing—are most respon-
sible for ADHD-related functional impairment? Current imaging does not justify one answer.

67 Motor preparation and response systems
Attention experiments usually end with an action: press, withhold, speak, or move the eyes. Variation in the measured reac-
tion time therefore mixes perception, decision, motor preparation, and execution. Somatomotor connectivity and inhibition-
related recruitment differ in some ADHD samples and dynamic states. These effects can be informative, but they are also
uniquely vulnerable to head-motion artifact.
Let an observed response time be decomposed conceptually as

𝑅𝑇𝑘 = 𝑇 enc
𝑘 + 𝑇 dec

𝑘 + 𝑇motor
𝑘 + 𝜀𝑘.

The equation is not an identifiable model without additional measurements. Its purpose is to prevent a category error: a
long or variable 𝑅𝑇𝑘 does not reveal which latent interval changed.

SUPPORTED INTERPRETATION

Some “attentional” variability may arise in action-system timing or the translation from control policy to response.
Method warning. Because hyperactivity and micromovements can contaminate fMRI connectivity, apparent somatomotor
dysconnectivity must survive stringent motion analysis rather than be treated as self-validating.
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68 Sensory networks and distractor gain
Sensory cortices are not passive cameras. Their responses are shaped by attention, expectation, arousal, and the statistical
structure of the environment. Visual and auditory network coupling can predict resistance to distraction, but ADHDfindings
are mixed. In some contexts atypical coupling may support better performance rather than represent deficiency.
In a gain-control shorthand,

𝑦𝑖(𝑡) = 𝑔𝑖(𝑡)𝑠𝑖(𝑡) + 𝜂𝑖(𝑡),

where 𝑠𝑖 is sensory evidence, 𝑔𝑖 its context-dependent gain, and 𝜂𝑖 unmodeled input/noise. The scientific problem is not
simply high noise. A distractor can win because its gain is too high, the target’s gain is too low, or higher-order control fails
to preserve the relevant weighting.
EMERGING EVIDENCE. Performance-linked sensory-network segregation and control coupling differ in some ADHD
studies (Blomberg et al., 2022; Michael et al., 2025).
Boundary. BOLD variance, neural entropy, and behavioral inconsistency cannot be collapsed into the single phrase “noisy
brain.”

69 Hippocampal and memory-related systems
Maintaining a task is partly a memory problem. The present goal must survive competing thoughts; after interruption,
context must be reconstructed; prospective intentions must become active at the right future cue. Hippocampal and medial-
temporal systems interact with DMN during scene construction and future simulation, and with control networks during
retrieval and prospective memory.
ADHD-specific network evidence here is limited compared with FPN, DMN, and striatum. Behavioral prospective-memory
difficulties are plausible contributors to missed intentions and failed task resumption, but direct links from hippocampal
dynamics to spontaneous lapses remain sparse.

OPEN QUESTION

Does task re-entry fail because the control state is costly to rebuild, because the goal trace is weak, because interruption
overwrites context, or because the re-entry cue lacks salience? These mechanisms predict different interventions.

70 Network definitions vary with atlas, task, and method
A result labeled “salience” in one paper may be labeled “ventral attention” or “cingulo-opercular” in another. A seed-based
study asks about one chosen region; independent-component analysis estimates spatial sources; graph analysis depends on
node definition and threshold; task activation and resting correlation answer different questions. Even anticorrelation can
change when global signal regression is included.
Power et al. (2012) demonstrated that small head movements can produce systematic functional-connectivity artifacts. This
is especially consequential in ADHD, where motion is related to the phenotype. Aggressive censoring can also create
selection bias by disproportionately excluding the most symptomatic participants. There is no single preprocessing choice
that erases the problem.
The 2021 preregistered resting-state meta-analysis found no significant spatial convergence across 30 studies and 978 par-
ticipants (Cortese et al., 2021). A 2026 pediatric meta-analysis found convergence in seed-based but not non-seed-based
analytic families (Shi et al., 2026). Large participant-level mega-analyses nevertheless recover very small distributed effects
(Norman et al., 2023, 2025).

ESTABLISHED EVIDENCE

Method family changes the apparent ADHD network map.
Lecture consequence. Show uncertainty as part of the picture: solid lines for replicated coarse effects, shaded fields for
variable localization, and explicit “not an individual test” labels.
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71 A task is a temporary configuration, not activation of one network
Suppose a task 𝑇 requires a configuration 𝐶𝑇 (𝑡) over multiple systems. We can write a schematic performance functional

𝑃𝑇 (𝑡) = ℱ𝑇 (a(𝑡),W(𝑡), z(𝑡), c(𝑡)) ,

where a denotes regional activity, W coupling, z slower internal states such as arousal and fatigue, and c context. The sub-
script on ℱ𝑇 is essential: the useful configuration for mental arithmetic is not the useful configuration for autobiographical
planning.
“Task positive” can be retained as a historical description of voxels that increase in a contrast. It should not be treated as an
anatomically uniform network. FPN, DAN, VAN, salience, cingulo-opercular, sensory, motor, reward, thalamic, cerebellar,
and memory systems make dissociable contributions.

EVIDENCE BOUNDARY

CORE SENTENCE A task is not one network turning on; it is a coalition becoming adequate for a particular purpose.

Figure concept 6B — Configuration, not combat

Show four snapshots of the same network map: autobiographical planning, low-value vigilance, rewarded inhibition, and
re-entry after interruption. Node size represents recruitment; line width represents coupling. The DMN remains mean-
ingfully engaged during planning, selectively attenuates during vigilance, and reconnects during goal reconstruction. No
frame is labeled “healthy” or “ADHD”; a second row later shows empirically supported small probability shifts rather than
caricatured on/off states.

Teaching matrix 6C — Keep the systems dissociated

System Dominant teaching function Typical phase of contribution Lecture-safe ADHD statement Confidence

DMN memory, simulation, self,
semantic integration

internal model; goal meaning;
off-task thought

coordination and modulation
differ in some samples; direction
is heterogeneous

moderate

FPN flexible rule representation and
adjustment

entry, rule update, strategy
change

recruitment and representational
stability may be altered

moderate

DAN goal-directed sensory selection ongoing external sampling DMN coupling differs slightly
on average; local findings vary

moderate

VAN/reorienting detection of behaviorally
relevant violations

interruption, rescue,
reorientation

capture and segregation findings
are emerging and atlas-sensitive

limited–moderate

Salience weighting internal/external
significance

arbitration around entry and
switch

time-varying involvement is
supported; no master-switch
lesion

moderate

Cingulo-opercular sustained set and performance
monitoring

maintenance and error recovery distributed involvement is
supported; treatment specificity
is sparse

moderate

Ventral striatum anticipation, incentive salience,
motivated engagement

entry and vigor anticipatory response is lower on
average, not universally

moderate

Dorsal striatum policy/action selection, habit,
timing

selection and execution small, age-sensitive
structural/functional differences

moderate

Thalamus gating, relay, arousal
coordination

access and state regulation connectivity evidence is
emerging; causal direction
unknown

limited

Cerebellum prediction, timing, error
adaptation

pacing and calibration involvement is replicated more
than any precise mechanism

moderate

Somatomotor preparation and execution response differences exist but are highly
motion-sensitive

moderate

Sensory evidence representation and gain sampling coupling can predict distraction
resistance; direction is
contextual

limited–moderate

Hippocampal/memory context and future intention goal retention and re-entry plausible relevance; direct
dynamic evidence is sparse

limited

A coalition, not a switch
Large-scale network names are useful coordinates, not sealed anatomical organs. The FPN, DAN, VAN, SN, CON, DMN,
corticostriatal loops, thalamus, cerebellum, sensory systems, motor systems, and hippocampal formations contribute dif-
ferent operations whose combination depends on the task. Reading a paragraph, waiting through a delay, remembering a
future intention, and stopping an already prepared movement are all “tasks,” but they require different coalitions.
The DMN illustrates why binary language fails. Internally generated cognition can interrupt a monotonous external task,
yet internal simulation can also preserve the goal, construct a plan, retrieve autobiographical knowledge, or imagine a future
consequence. Successful control may require selective coupling between DMN components and control systems rather than
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maximal suppression. Likewise, greater FPN activation can reflect effective recruitment, compensatory effort, unresolved
conflict, or a more difficult task; direction alone is not interpretation.
Network findings must therefore specify nodes, edges, time scale, task epoch, comparator, preprocessing, motion control,
andmedication status. Static functional connectivity is not directed influence, and a parcellation boundary is not a biological
wall. The stronger question is configurational: which distributed pattern supports criterion performance now, how was it
assembled, how long does it remain viable, and what causes its reconfiguration?

The same network can help or hinder, depending on the configuration
Network names describe recurring patterns of covariance, not agents with single intentions. The DMN is not a generator of
pathology; the FPN is not a central executive sitting above the rest of the brain; the salience network is not a literal switch;
and the DAN is not synonymous with every externally directed task. Each label contains multiple nodes, subdivisions, and
time-dependent relationships whose contribution changes with the cognitive demand.
Take prospective planning. Remembering a future goal may require internally generated simulation and autobiographical
memory associated with DMN components, a control representation supported by frontoparietal systems, salience assign-
ment to the relevant cue, hippocampal retrieval, and corticostriatal valuation of delayed consequences. Suppressing all
internal activity would damage the operation. The useful configuration is selective cooperation: internally generated con-
tent remains coupled to the current goal while competing streams are constrained.
A continuous performance task requires another coalition. Sensory systems represent the stream, dorsal attention supports
selection, cingulo-opercular systems help sustain the set and monitor errors, motor circuits prepare and withhold responses,
thalamic pathways regulate transmission, and cerebellar systems contribute timing and prediction. DMN activity may rise
around lapses, but the inference depends on timing: activity before an error, after an error, and during a self-report probe
cannot be treated as the same event.
Even the phrase anticorrelation requires caution. Its magnitude depends on preprocessing, global-signal treatment, task
design, parcellation, and the precise nodes averaged together. Lower anticorrelation can mean reduced segregation, greater
cooperation, common arousal influence, motion artifact, or a shift in only one component. A group difference does not
identify which interpretation is correct without converging measures.
The strongest ADHD account is therefore configurational and conditional. It asks which coalition is assembled for this
task, whether recruitment occurs at the right epoch, whether the pattern predicts criterion performance, and how stable it
remains under perturbation. Mean activation can contribute to the answer, but activation direction alone cannot tell whether
a region is efficient, compensating, conflicted, fatigued, or simply responding to a harder condition.
This also changes the meaning of treatment-related imaging. If medication moves one connection toward a control-group
average, that is a descriptive convergence, not proof that the network was repaired or that the change mediated clinical
benefit. A credible mechanism requires target engagement, temporal precedence, dose or exposure information, behavioral
linkage, and replication. Network vocabulary should make the causal standard more exact, not provide a modern-sounding
shortcut around it.

Epochs matter more than a single network contrast

A cue period, early configuration, stable performance, detected lapse, error correction, and release are different epochs.
Averaging them can cancel effects or reverse their apparent direction. Increased salience-network activity may be useful
when a task cue must win access, disruptive when an irrelevant stimulus captures the system, and reactive when it follows
an error. The anatomical label is unchanged; the computational role is not.
The same temporal discipline applies to the DMN and control networks. Coupling that supports prospective planning
before entry may become maladaptive if unrelated autobiographical content dominates during execution. Frontoparietal
recruitment may predict successful correction after a lapse even when its average across the block shows no group difference.
Event-locked and state-conditioned analyses are therefore essential to the coordination story.

A task configuration is a coalition, not a switch

The useful unit is a temporary coalition: sensory selection, control, salience, memory, action, valuation, and monitoring
contribute with weights that change across task phases. DMN participation can be harmful during an unbidden lapse and
useful during planning or autobiographical simulation. The scientific question is whether coordination is appropriate to the
moment.
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FROM INTERNAL ACTIVITY TO

GOAL-DIRECTED CONTROL

Answer the central question at a first mechanistic level by replacing the on/off metaphor with coordinated transition.

Sonuga-Barke · Castellanos · Liddle · Norman · Cai
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Part proposition
Entering a task is a transition, not a binary command. The brain must preserve enough internal model to know the goal,
weight incoming information, recruit a rule, establish a motor policy, and resist irrelevant perturbations. Leaving the task
is also a transition, and its causes are not the reverse image of entry. The ADHD question is therefore directional: what
raises or lowers the probability of a successful rest-to-task transition, a stable within-task trajectory, an unwanted task
exit, and a rapid task re-entry?

72 Rest is active cognition
During “resting-state” fMRI, participants are typically asked to lie still with eyes open or closed. They are not cognitively
empty. They remember, plan, worry, simulate, monitor bodily sensations, become drowsy, and react to scanner noise.
Resting connectivity is attractive because it avoids performance demands and can be acquired across sites; it is scientifically
dangerous when interpreted as a direct sample of attention.
Let 𝑋𝑅 denote data from rest and 𝑋𝑇 data during task. In general,

𝑝(𝑋𝑇 ∣ ADHD) ≠ 𝑝(𝑋𝑅 ∣ ADHD),

and there is no reason to assume that a diagnostic contrast at rest predicts the contrast under demand. The mapping also
depends on age, arousal, medication history, and task type.

ESTABLISHED EVIDENCE

Resting-state studies reveal small distributed ADHD-related differences, but rest does not substitute for task-state measure-
ment (Gong et al., 2019; Sütçübaşı et al., 2020; Cortese et al., 2021; Norman et al., 2023; Michael et al., 2025).
Contradiction with a static narrative. In Michael et al. (2025), pediatric network organization changed with cognitive
demand; effects visible during engagement need not be recoverable from rest alone.

73 The historical default-mode interference hypothesis
Sonuga-Barke and Castellanos (2007) proposed that inadequate attenuation of spontaneous default-mode activity could
periodically intrude on task processes, producing the characteristic periodicity and variability of ADHD performance.
The hypothesis was important because it shifted attention from mean deficit to fluctuation. Early studies found altered
cingulate–precuneus connectivity, decreased network homogeneity, and reduced task-related suppression associated with
distractibility (Castellanos et al., 2008; Uddin et al., 2008; Fassbender et al., 2009). Electrophysiological work also linked
inadequate attenuation of very-low-frequency activity to performance (Broyd et al., 2010).
The historical model should be recovered and then revised. It preceded large multisite samples, contemporary motion con-
trol, dynamic connectivity, mature network parcellations, and the recognition that DMN contributes adaptively to complex
tasks. “Intrusion” is a hypothesis about timing and functional displacement, not evidence that DMN activity is intrinsically
abnormal.
ESTABLISHED HISTORICAL CONTRIBUTION. The model correctly made moment-to-moment fluctuation central.
QUALIFIED BY CURRENT EVIDENCE. Modern results favor small, distributed, state- and method-dependent differ-
ences rather than one robust DMN lesion (Cortese et al., 2021; Norman et al., 2023, 2025; Shi et al., 2026).

74 Task-related DMN attenuation
During many externally oriented tasks, average activity in parts of the DMN falls relative to a baseline. In ADHD, sev-
eral small studies reported less attenuation, and Fassbender et al. (2009) linked reduced medial-prefrontal suppression to
distractibility. Mowinckel et al. (2017) found greater DMN variability and weaker sustained suppression in adults with
ADHD; methylphenidate changed some within-network connectivity but not the central variability effect.
Yet attenuation depends on demand. Liddle et al. (2011) found that a low-incentive group difference in DMN modulation
could be removed by incentive or methylphenidate. Metin et al. (2015) reported a nonlinear, U-shaped dependence on event
rate rather than a fixed suppression deficit. These studies are small, but their logic is powerful: if the difference changes
with context within a person, it cannot be explained only as a fixed incapacity.
A useful quantity is not a single average deactivation but a task- and time-indexed modulation

𝑀𝐷(𝑡; 𝑇 ) = 𝐷(𝑡 ∣ 𝑇 ) − 𝐷(𝑡 ∣ 𝐵),

where 𝐵 is a specified baseline. Changing 𝐵 changes the meaning of 𝑀𝐷.
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SUPPORTED INTERPRETATION

ADHD-related DMN modulation can be weak or unstable under some low-engagement conditions and can change under
incentive or medication.
Not established. Universal failure to suppress the DMN.

75 Why maximal DMN suppression is not always desirable
Suppression is not a score whose maximum always indicates health. Reading for meaning may require semantic and auto-
biographical integration. Planning needs internally generated futures. Prospective memory needs a representation of what
must happen later. Social cognition needs a model of people not directly observable in sensory input.
The ideal is conditional coordination. Let 𝑞𝑇 be task quality and 𝑑 DMN participation. For some tasks, 𝜕𝑞𝑇 /𝜕𝑑 < 0 over
the relevant range; for others, 𝜕𝑞𝑇 /𝜕𝑑 > 0; often the relationship is nonlinear because some internally generated structure
helps until it competes with immediate sampling.
ESTABLISHED GENERAL-COGNITION EVIDENCE. DMN supports adaptive memory, simulation, self, and mean-
ing functions (Buckner et al., 2008).
Lecture correction. Replace “theDMNmust switch off”with “DMNcomponentsmust be selectively coupled or attenuated
according to the computation.”

76 Rest-to-task and task-to-rest are different transitions
Consider four directional quantities:

𝑝enter = Pr(𝑆𝑡+1 = 𝑇 ∣ 𝑆𝑡 = 𝑅, 𝑐𝑡),
𝑝stay = Pr(𝑆𝑡+1 = 𝑇 ∣ 𝑆𝑡 = 𝑇 , 𝑐𝑡),
𝑝exit = Pr(𝑆𝑡+1 ≠ 𝑇 ∣ 𝑆𝑡 = 𝑇 , 𝑐𝑡),

𝑝return = Pr(𝑆𝑡+1 = 𝑇 ∣ 𝑆𝑡 ≠ 𝑇 , goal retained, 𝑐𝑡).
The notation is deliberately agnostic about how states are estimated. It shows that task initiation, persistence, interruption,
and re-entry are not one parameter. A person can enter quickly but exit frequently; enter slowly yet remain stable; sustain
a high-interest task but struggle to release it; or recover rapidly after interruption despite frequent lapses.

SUPPORTED INTERPRETATION

ADHD heterogeneity is more intelligible when these transition directions are measured separately.

OPEN QUESTION

Which direction is altered in which presentation, age, context, and comorbidity? Most studies aggregate across a block and
cannot answer.

Figure concept 7A — The four directional bottlenecks

A state diagram with Internal/Rest, Task-Ready, Stable Task, and Displaced states. Four colored arrows carry the quantities
above. Around each arrow, list candidate influences: cue salience, goal memory, reward, fatigue, emotion, medication, and
learned scaffolding. Caption: “The same symptom score can arise from different transition profiles.”

77 FPN recruitment and control representation
Task entry requires more than increased frontal activity. The systemmust instantiate a task model: stimulus–response rules,
decision boundaries, goals, and exceptions. In multivariate terms, the issue is whether neural patterns that discriminate the
relevant rule are sufficiently separable and stable.
If r𝑘(𝑡) is the population representation of rule 𝑘, one can define a conceptual stability measure

𝜌𝑘(𝑡, 𝑡 + Δ) = corr(r𝑘(𝑡), r𝑘(𝑡 + Δ)).

A lower 𝜌𝑘 could arise from noisy encoding, state change, strategy change, or motion; it is not automatically neural unre-
liability. Gao et al. (2025) reported reduced temporal and spatial stability of control-related activity patterns in children
with ADHD, associated with fluctuating performance. Michael et al. (2025) found altered reconfiguration as task demands
changed.
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EMERGING DIRECT EVIDENCE. Control representation and network organization can be less stable in pediatric
ADHD samples.
Boundary. Cross-sectional correlations do not prove that instability causes symptoms; developmental stage, task difficulty,
and prior medication remain plausible moderators.

78 DAN engagement and sensory selection
TheDAN biases sensory systems in favor of task-relevant locations and features. Successful engagement requires the control
representation to specify what DAN should select, and sensory evidence to update the representation. This is a recurrent
loop, not a command cascade.
An observed lapse may therefore arise from at least three configurations:

1. the goal representation weakened while sensory selection remained intact;
2. the goal remained active but the wrong stimulus acquired gain;
3. selection was adequate, but response policy or motor execution failed.

Large trial-level data illustrate why this separation matters. Tamm et al. (2025) examined 5,719 children and found that
trial-wise slowing recruited salience/VAN and executive systems while attenuating DMN, with weaker network competition
in ADHD. This does not imply that every slow trial has one signature, but it demonstrates that averaged case–control maps
discard relevant within-task variation.

SUPPORTED INTERPRETATION

Goal-directed selection in ADHD depends on coordination among DAN, control, salience, sensory, and default systems; a
DAN-only explanation is insufficient.

79 Salience and cingulo-opercular arbitration
At task entry, a cue must become sufficiently significant to alter the current configuration. During persistence, cingulo-
opercular systems help maintain set and track error. During interruption, reorienting/salience systems evaluate whether a
competing event warrants displacement. The same system can facilitate entry, destabilize persistence, and enable adaptive
exit.
This makes “distractibility” a decision problem under uncertainty, even when no conscious decision is experienced. Let
𝑉𝑔(𝑡) be the expected value of preserving the goal and 𝑉𝑛(𝑡) the estimated value or urgency of a novel event. A schematic
reorientation threshold is

reorient if 𝑉𝑛(𝑡) − 𝑉𝑔(𝑡) > 𝜃(𝑡),

where 𝜃 depends on arousal, fatigue, learning history, and context. The equation is not a literal neuronal comparator. It
exposes testable components: value estimation, threshold setting, and post-switch stabilization.
Cai et al. (2018) found altered salience-centered time-varying interactions in children with ADHD, with stronger links to
inattention than static measures. Yet preserved insular switching in some paradigms resists the “broken master switch”
story.
FLOW HIJACKED SYNTHESIS. Salience arbitration may change the probability landscape of transitions without con-
stituting a single damaged switch.

80 Reward systems decide whether engagement is worth sustaining
Reward signals can affect entry, vigor, persistence, learning, and release. The phrase “decide whether it is worth it” describes
a distributed computation, not a conscious moral verdict. Ventral-striatal activity during anticipation is often lower on
average in ADHD, whereas reward receipt and omission can yield different patterns (Plichta & Scheres, 2014). Incentives
can reduce behavioral and DMN-modulation differences in some tasks (Liddle et al., 2011).
In reinforcement-learning notation, a prediction error is

𝛿𝑡 = 𝑟𝑡 + 𝛾𝑉 (𝑠𝑡+1) − 𝑉 (𝑠𝑡),

but ADHD cannot be reduced to abnormal 𝛿𝑡. Reward anticipation, temporal discounting, action vigor, effort cost, and
salience are separable. A valuable immediate cue may stabilize a task that a distant outcome does not; a surprising notifi-
cation may outcompete a meaningful but delayed goal.
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ESTABLISHED CONTEXT EFFECT. Reward and incentive alter performance and some neural measures.
Boundary. Incentive-dependent improvement is not proof that the person could perform identically at all times “if they
tried.” Context-dependent machinery is still machinery.

81 What immediately precedes an attentional lapse
A block-average contrast compares people; a pre-lapse analysis asks what changed before a specific failure. Candidate
precursors include reduced prestimulus sensory readiness, altered alpha/theta dynamics, slow fluctuations in arousal, local
sleep-like slow waves, weakening of a control representation, or a change in cross-network coupling.
Bozhilova et al. (2022) combined experience sampling and EEG and reported weaker alpha modulation and theta phase con-
sistency during demanding tasks and mind-wandering episodes in adults with ADHD. Einziger et al. (2023) found greater
prestimulus neural variability in adolescents with more ADHD symptoms, but that variability did not explain reaction-time
variability. Pinggal et al. (2026) reported more wake sleep-like slow waves in adults with ADHD; these related to errors,
slower and more variable responses, mind wandering, and sleepiness. Horáková et al. (2026) found that mind wandering af-
fected early sensory and P3b measures in both groups, with additional disruption of error/performance-monitoring activity
in ADHD.
EMERGING EVIDENCE. Pre-lapse physiology can be measured and may reveal several routes to failure.
Boundary. Most samples are modest, mediation is not causation, and no single precursor is a validated ADHD marker.

Figure concept 7B — A pre-lapse ensemble, not a canonical trace

Use four aligned lanes: arousal/local slow wave; sensory readiness; salience/control coupling; response. Show multiple
possible precursor paths converging on an omission. Empirical segments are solid; hypothesized causal arrows are dashed.
Never draw one waveform as “the ADHD lapse.”

82 What predicts successful engagement
Successful engagement is not merely the absence of a lapse. It can be predicted at multiple timescales: baseline sleep, mo-
mentary arousal, task value, cue clarity, goal representation, network reconfiguration, and the occurrence of task-favorable
latent states.
Cai et al. (2021) reported that more frequent occupancy of a task-optimal latent state predicted lower response variability
and faster evidence accumulation. In the acute randomized methylphenidate cohort, baseline dynamics predicted individual
improvement, and medication shifted salience–FPN–DMN interactions toward the control pattern (Mizuno et al., 2022; Cai
et al., 2023). Fisher et al. (2023) showed that cognitive and perceptual load had opposing ADHD-specific effects on network
efficiency and behavioral variability.

SUPPORTED INTERPRETATION

A task-favorable configuration is conditional on demand. More integration is not always better, and more segregation is not
always better.

OPEN QUESTION

Can a model trained within one person predict successful engagement across days and tasks better than a diagnostic group
model? The field needs dense individual sampling and out-of-sample validation.

83 What predicts spontaneous task departure
Departure may follow internal capture, external capture, fatigue, uncertainty, error, emotional salience, or declining ex-
pected value. These pathways can converge behaviorally while differing physiologically. Experience-sampling studies show
more freely moving or spontaneous off-task thought in ADHD, but thought content and meta-awareness vary (Bozhilova et
al., 2018; Alperin et al., 2021; Bozhilova et al., 2022).
Define the first-exit time from a task-favorable set 𝒯 as

𝜏exit = inf{𝑡 > 𝑡0 ∶ 𝑋(𝑡) ∉ 𝒯}.

The associated hazard

𝜆exit(𝑡 ∣ ℋ𝑡) = lim
Δ𝑡↓0

Pr(𝑡 ≤ 𝜏exit < 𝑡 + Δ𝑡 ∣ 𝜏exit ≥ 𝑡, ℋ𝑡)
Δ𝑡
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can depend on recent reward, error, sleepiness, emotional events, and state history ℋ𝑡. This survival formulation is a
measurement proposal, not an established ADHD biomarker.
FLOWHIJACKED SYNTHESIS. Instead of asking whether attention is deficient, estimate when the task configuration
becomes vulnerable to departure and which perturbations raise its exit hazard.

84 Coordination replaces the on/off metaphor
The evidence does not support the sentence “the task network turns on and the default network turns off.” A defensible
sequence is richer:

1. an external or internal cue receives salience;
2. control systems instantiate the relevant goal and rule;
3. dorsal attention and sensory systems weight task evidence;
4. cingulo-opercular systems maintain set and monitor performance;
5. corticostriatal and neuromodulatory systems shape value, vigor, and gain;
6. memory, thalamic, cerebellar, and motor systems preserve context, coordinate timing, and implement action;
7. the configuration is continuously revised as conditions change.

ADHD-related differences can occur at any transition or coupling. They are probabilistic, heterogeneous, developmental,
and context dependent.

EVIDENCE BOUNDARY

CORE SENTENCE The scientific problem is whether the appropriate configuration can be assembled, stabilized, revised, and released at the
appropriate time.

Teaching matrix 7C — Directional control problems

Control problem Observable outcome Candidate network operation Common confound Strong test

Entry latency before first goal-directed
action

cue salience plus rule
instantiation

unclear instructions; anxiety within-person cue/value
manipulation

Stabilization sustained accurate performance control representation, sensory
weighting, tonic set

ceiling/floor task difficulty trial-wise decoding plus
behavior

Unwanted exit lapse, off-task report, omission arousal drop, capture, internal
decoupling

missed perception or motor
failure

pre-lapse multimodal
measurement

Re-entry time to recover after interruption context reconstruction and
goal-memory reinstatement

interruption complexity experimentally standardized
interruption

Adaptive release leaving when goals change salience detection plus policy
update

perseveration mistaken for
diligence

rewarded switch paradigm

The rows are dissociable hypotheses. A single symptom score cannot determine which row generated impairment.

The transition has stages
Moving into goal-directed control is not instantaneous. A cue must first be detected and assigned sufficient relevance. The
current activity must then be interrupted or suspended, a task model must be retrieved, sensory and mnemonic priorities
must be configured, an action policy must become available, and early performance must be monitored until the new state
stabilizes. Failure at any stage can look like “not starting.”
This staging clarifieswhy urgency or novelty can transform performance. A near deadline can increase salience and expected
cost, reducing entry latency without necessarily improving planning or reducing later exhaustion. External structure can
make the task model easier to retrieve. Immediate feedback can stabilize the early trajectory. None of these observations
demonstrates that the original difficulty was chosen; they identify variables that alter transition probability.
The same logic applies after a lapse. Detecting that attention has departed is distinct from reconstructing what was being
done, locating the next action, and suppressing the competing stream. A useful experiment should time-lock cues, interrup-
tions, errors, awareness reports, and behavioral recovery so that neural activity immediately before and after the transition
can be distinguished. Rest-to-task contrasts averaged across long blocks cannot resolve this sequence on their own.
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Part proposition
An average can conceal the phenomenon we are trying to explain. Two people can have the same mean reaction time while
one performs consistently and the other alternates between fast, accurate epochs and long lapses. Two brains can have
the same scan-average connectivity while occupying different configurations, dwelling in them for different durations, or
traversing them in a different order. A dynamic account asks not only where activity differs, but when a configuration
appears, how long it persists, what precedes its exit, and how reliably it can be re-entered.
The promise of dynamics is real. So is the danger of decorating static data with dynamical language. A clustering state is
not automatically a biological attractor. Windowed correlation is not direct neural communication. “Metastability” must
be operationalized, and different variability measures must never be treated as synonyms.

85 Why averages conceal the phenomenon
For trial series 𝑦1, … , 𝑦𝑁 , the mean

̄𝑦 = 1
𝑁

𝑁
∑
𝑘=1

𝑦𝑘

discards order. The sequences (1, 1, 1, 9, 9, 9) and (1, 9, 1, 9, 1, 9) have the same mean and variance but radically different
temporal organization. The first suggests a state change; the second suggests rapid alternation. Autocorrelation, run length,
spectral structure, and conditional transition probabilities are needed to distinguish them.
This is not mathematical ornament. ADHD is defined partly by inconsistency across context and time. A block-average
activation map can miss brief but consequential departures, while a symptom total can merge slow initiation, frequent
interruption, and prolonged hyperfocus-like capture.

ESTABLISHED EVIDENCE

Intra-individual behavioral variability is elevated on average in ADHD. Dynamic neuroimaging and electrophysiology re-
veal state- and trial-dependent effects that static averages can miss (Cai et al., 2018, 2021; Shappell et al., 2021; Yin et al.,
2022; Gao et al., 2025; Tamm et al., 2025).
Boundary. A dynamic metric is not automatically more reliable or clinically useful than a static one. More model freedom
can create more apparent patterns.

86 Intra-individual reaction-time variability
Reaction-time variability is among the most replicated cognitive findings in ADHD, but it is not a single mechanism. Stan-
dard deviation and coefficient of variation summarize spread; ex-Gaussian parameters attempt to distinguish the central
distribution from a long tail; diffusion models decompose evidence accumulation, boundary, and nondecision time. Each
asks a different question.
For an ex-Gaussian description,

𝑅𝑇 ∼ 𝒩(𝜇, 𝜎2) + Exp(𝜏),

where 𝜏 describes the exponential tail. A higher 𝜏 may be consistent with occasional lapses, but it does not identify their
neural cause. Slow trials can arise from low arousal, internal thought, cautious decision thresholds, motor delay, uncertainty,
or strategic checking.
Tamm et al. (2025), in 5,719 children, demonstrated the value of trial-level analysis: response slowing was associated with
a coordinated shift involving salience/VAN, executive systems, and DMN, with weaker competition in ADHD. Einziger et
al. (2023), however, found that increased prestimulus EEG variability did not explain reaction-time variability.

ESTABLISHED EVIDENCE

Behavioral response variability differs at group level.
Rejected inference. It is not a direct meter of neural noise or a diagnostic signature.
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87 BOLD variability is not behavioral variability
BOLD amplitude variability quantifies temporal dispersion in a regional hemodynamic signal. It is affected by neural
activity, vascular dynamics, respiration, cardiac physiology, head motion, preprocessing, and the chosen frequency band.
Higher variability may reflect flexible dynamic range in one context and instability in another. Lower variability can reflect
rigidity or reduced responsiveness.
Let 𝐵𝑖(𝑡) be a preprocessed regional BOLD series. The sample variance

𝑠2
𝑖 = 1

𝑇 − 1
𝑇

∑
𝑡=1

(𝐵𝑖(𝑡) − 𝐵̄𝑖)
2

contains no information about which source generated the variance. It should not be called “neural variability” without
qualification.
Mowinckel et al. (2017) reported increased DMN variability related to reduced task performance in adults with ADHD.
Other work finds system- and task-specific increases or decreases. A global “more variable ADHD brain” story therefore
fails.
Boundary. BOLD variance, dynamic connectivity, entropy, representational instability, and reaction-time variability are
distinct. A lecture visual must use separate axes and units.

88 EEG and MEG variability
EEG and MEG provide millisecond-scale access to oscillations, evoked responses, aperiodic activity, phase consistency,
and long-range temporal correlations. They are better suited than fMRI to asking what happens immediately before a lapse,
though source localization and artifact control remain difficult.
Reported ADHD effects include prestimulus variability, weaker event-related phase consistency, altered microstates, and
local sleep-like slow waves. Bozhilova et al. (2022) linked mind-wandering episodes to weaker alpha modulation and theta
phase consistency. Pinggal et al. (2026) linked waking slow waves to errors, mind wandering/blanking, and sleepiness.
Haque et al. (2026) reported a nonlinear relationship between ADHD symptoms andMEG long-range temporal correlations,
interpreted in relation to an extended critical regime.
The well-known theta/beta ratio should not be resurrected as a shortcut. A 2026 multiverse analysis in the corpus strongly
challenged its robustness as an ADHD biomarker.
EMERGING EVIDENCE. Fast temporal physiology may reveal lapse precursors and arousal states.
Not established. A single electrophysiological ADHD signature.

89 Dynamic functional connectivity
Static functional connectivity estimates association over an entire scan. Dynamic functional connectivity (dFC) attempts to
estimate change using sliding windows, time-varying models, edge cofluctuations, or latent states (Hutchison et al., 2013;
Allen et al., 2014). If 𝑥𝑖(𝑡) and 𝑥𝑗(𝑡) are regional signals, a windowed estimate is

̂𝜌𝑖𝑗(𝑡; 𝐿) = corr (𝑥𝑖[𝑡 − 𝐿/2 ∶ 𝑡 + 𝐿/2], 𝑥𝑗[𝑡 − 𝐿/2 ∶ 𝑡 + 𝐿/2]) ,

where𝐿 is thewindow length. Short𝐿 improves temporal localization but destabilizes correlation estimates; long𝐿 smooths
transitions. Apparent dynamics can arise from sampling variability even when the generating process is stationary.
ADHD dFC studies report altered salience-centered variability, occupancy of hyperconnected or less segregated states,
differences by presentation, age and sex, and relationships with symptoms or behavior (Cai et al., 2018; de Lacy & Calhoun,
2019; Ahmadi et al., 2021; Shappell et al., 2021; Agoalikum et al., 2023; Luo et al., 2023; Zhu et al., 2023).

SUPPORTED INTERPRETATION

Time-varying configuration carries information not present in scan averages.
Boundary. State number, window, atlas, motion correction, scan duration, and clustering all affect the result.
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90 State occupancy and dwell time
Many analyses assign each time point or window to a latent state 𝑆𝑡 ∈ {1, … , 𝐾}. Two simple summaries are occupancy

𝜋𝑘 = 1
𝑇

𝑇
∑
𝑡=1

1(𝑆𝑡 = 𝑘)

and mean dwell time

𝑑𝑘 = 1
𝑁𝑘

𝑁𝑘

∑
𝑚=1

ℓ𝑘𝑚,

where ℓ𝑘𝑚 is the length of the 𝑚-th visit to state 𝑘. Shappell et al. (2021) reported that children with ADHD left a DMN–
task anticorrelated state sooner, spent more time in a globally hyperconnected state, and less time in segregated states.
Cai et al. (2021) found that greater occupancy of a task-optimal latent state predicted lower behavioral variability and
faster evidence accumulation. Xin et al. (2025) identified entropy-defined states with group differences in occupancy and
transitions.
EMERGING DIRECT EVIDENCE. Some ADHD samples differ in occupancy or dwell time.
Boundary. A state is a model-dependent partition of data. “Shorter dwell” is not identical to a shallow attractor basin, and
state labels may not transfer across pipelines.

91 Transition probabilities and exit hazard
For a first-order Markov model, transition probabilities are

𝑃𝑖𝑗 = Pr(𝑆𝑡+1 = 𝑗 ∣ 𝑆𝑡 = 𝑖).

The model assumes that the next state depends on the present state, not the full history. Brain dynamics may violate
that assumption: duration, fatigue, recent errors, and reward history can matter. A hidden semi-Markov model therefore
estimates state-specific duration distributions rather than forcing geometric dwell times.
An exit hazard from a task-favorable state 𝑘 can be written

ℎ𝑘(𝑎 ∣ u𝑡) = lim
Δ𝑎→0

Pr(𝑎 ≤ 𝐷𝑘 < 𝑎 + Δ𝑎 ∣ 𝐷𝑘 ≥ 𝑎,u𝑡)
Δ𝑎 ,

where 𝑎 is time already spent in the state and u𝑡 contains reward, arousal, error, or stimulus covariates. This distinguishes
memoryless switching from duration-dependent fatigue or stabilization.
FLOWHIJACKED SYNTHESIS. ADHD may be studied as altered transition hazards rather than as uniformly reduced
activation.

OPEN QUESTION

DoADHD differences reflect higher unwanted exit hazard, reduced entry hazard, slower re-entry, impaired adaptive release,
or different combinations? Existing state studies rarely estimate these competing processes within tasks.

92 Hidden Markov and hidden semi-Markov models
In a hidden Markov model (HMM), the observed vector 𝑌𝑡 is generated conditionally on an unobserved state 𝑆𝑡:

𝑝(𝑌1∶𝑇 , 𝑆1∶𝑇 ) = 𝑝(𝑆1)
𝑇

∏
𝑡=2

𝑝(𝑆𝑡 ∣ 𝑆𝑡−1)
𝑇

∏
𝑡=1

𝑝(𝑌𝑡 ∣ 𝑆𝑡).

The parameters can encode state-specific means, covariance, spectral content, or effective connectivity. A hidden semi-
Markov model replaces the implicit geometric duration with 𝑝(𝐷𝑘 = 𝑑), making dwell explicitly modelled.
Park et al. (2021) used HMM-defined states to examine state-dependent effective connectivity and reported ADHD-related
differences in directed DMN coupling, mainly in estimated self-inhibition. Cai et al. (2023) used a Bayesian dynamical-
system analysis of randomized methylphenidate data and found that medication shifted a latent-state process and state-
dependent DMN hyperconnectivity toward the typically developing pattern.
EMERGING DIRECT EVIDENCE. Latent-state models can link network configurations, behavior, and acute drug per-
turbation.
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Boundary. Hidden means statistically unobserved, not neurologically discovered. Model selection, priors, identifiability,
and out-of-sample stability must be reported.

93 Trial-wise stability of control representations
Latent state analysis clusters broad configurations; representational analysis asks whether the code for a particular rule
or target remains stable. Let r𝑡 be a multivoxel or sensor pattern and r∗ the task-template estimate. A simple alignment
measure is

𝑎𝑡 = r⊤
𝑡 r∗

‖r𝑡‖ ‖r∗‖ .

Low or fluctuating 𝑎𝑡 could precede an error. Gao et al. (2025) reported less stable salience/FPN patterns in children with
ADHD, related to cognitive-control fluctuation. The important advance is temporal: group differences become trajectories
of representational fidelity rather than a single activation contrast.

SUPPORTED INTERPRETATION

Task persistence may require sustained representational alignment, not continuously high activity.

OPEN QUESTION

Does alignment fail because the rule representation decays, because the network changes strategy, or because competing
representations become stronger? Causal perturbation and within-person replication are needed.

94 EEG microstates and oscillatory state structure
EEG microstates partition scalp topographies into brief recurring classes, often lasting tens of milliseconds. Oscillatory
state models can instead cluster power, phase synchrony, or aperiodic features. These representations operate at a different
scale from fMRI dFC states and should not share labels without validation.
Kember et al. (2023) preregistered resting EEG phase-synchrony and modularity predictions that were null. Longer dwell
in a high-alpha/beta, low-delta/theta state related to better response control, particularly in ADHD, with tentative sex mod-
eration. The null primary predictions are scientifically valuable: they resist the tendency to interpret every dynamic de-
composition as disease-specific.
EMERGING EVIDENCE. Some EEG state durations relate to response control.
Contradiction. Preregistered network predictions can fail even when exploratory state–behavior relationships appear.

95 Local sleep-like activity during wakefulness
Wakefulness is not globally uniform. Local neuronal populations can express slow-wave-like events associated with reduced
responsiveness, especially under sleep pressure. Pinggal et al. (2026) reported more waking local slow waves in adults with
ADHD and associations with errors, response slowing/variability, mind wandering or blanking, and subjective sleepiness.
This result offers a direct bridge among sleep, arousal, lapse phenomenology, and fast neural dynamics. It does not imply
that ADHD is a sleep disorder. ADHD and sleep disturbance can be bidirectional; medication, circadian phase, anxiety,
routines, and comorbid conditions can alter both.
EMERGINGDIRECT EVIDENCE. Local sleep-like events may constitute one route to momentary lapse in some adults
with ADHD.
Boundary. The study is recent and modest; mediation cannot establish causal direction; replication across ages and medi-
cation states is required.

Figure concept 8A — Multiple roads to the same omission

Four converging trajectories reach the same behavioral error: local slow wave; internal thought with preserved arousal;
salient external capture; control-representation decay. The graphic makes the central point that identical outcomes do not
imply identical neural causes.
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96 Criticality and long-range temporal correlations
A system near a critical transition can display scale-free correlations, large dynamic range, and sensitivity to perturbation.
Long-range temporal correlations are often estimated by detrended fluctuation analysis (DFA). For integrated, detrended
signal segments of size 𝑠,

𝐹(𝑠) ∝ 𝑠𝛼,

where 𝛼 indexes temporal persistence over the fitted range. This exponent is not itself “distance from criticality”; the
inference requires a model and convergent observables.
Haque et al. (2026) reported nonlinear associations between MEG long-range temporal correlations and ADHD symptoms,
proposing that similar symptom burdens may occur at different operating points within an extended critical regime. This
is conceptually important because it rejects a one-direction deficit axis.
EMERGINGEVIDENCE.Avery recent cross-sectionalMEG/model study links symptom variation to nonlinear temporal
organization.
Not established. ADHD as a criticality disorder. Replication, longitudinal perturbation, estimator robustness, and speci-
ficity relative to sleep, medication, and comorbidity are needed.

97 Metastability: direct evidence, proxies, and overstatement risk
In dynamical systems, metastability describes temporary residence near a configuration with an ongoing tendency to re-
configure. It can arise without a permanently stable attractor. In neuroscience, the term is used for phase-coordination
measures, switching among connectivity patterns, and whole-brain models (Shine et al., 2016; Deco et al., 2017; Breaks-
pear, 2017). These operationalizations are not equivalent.
For oscillator phases 𝜙𝑗(𝑡), the Kuramoto order parameter is

𝑅(𝑡)𝑒𝑖Ψ(𝑡) = 1
𝑁

𝑁
∑
𝑗=1

𝑒𝑖𝜙𝑗(𝑡).

One metastability index is the temporal variance of 𝑅(𝑡):

𝑀𝑅 = Var𝑡[𝑅(𝑡)].

High 𝑀𝑅 indicates fluctuation between more and less synchronized regimes under this definition. An HMM dwell time
does not measure the same object.
ADHD research provides direct evidence for altered state occupancy, dwell, flexibility, entropy dynamics, and representa-
tional stability in some samples. It provides limited direct, convergent evidence for metastability in the strict dynamical-
systems sense.

SUPPORTED INTERPRETATION

Task-state stability and transition structure are promising targets.
Guardrail. Do not relabel every dFC finding “altered metastability.” State which metric was measured.

98 Motion, preprocessing, parcellation, and analytic flexibility
Head motion can inflate nearby correlations, reduce distant correlations, create apparent state changes, and correlate with
age or symptom severity (Power et al., 2012). Respiratory and cardiac signals can mimic low-frequency network dynamics.
Global signal regression changes the distribution of correlations and can produce or alter anticorrelation. Short scans
produce unstable individual estimates. Atlas choice changes nodes; model order changes the number and identity of states.
A credible dynamic result should therefore report at least:

• framewise displacement distributions and group differences;
• censoring/scrubbing thresholds and remaining data per participant;
• physiological correction where possible;
• sensitivity to global signal handling;
• alternative parcellations or model orders;
• reliability or split-sample replication;
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• preregistration or a multiverse when analytic degrees of freedom are large;
• out-of-sample prediction rather than in-sample separation alone.

Aggressive exclusion is not a neutral fix: it can remove the most hyperactive or youngest participants and change the target
population. Motion is both artifact and phenotype-correlated behavior; analysis must address both without confusing them.

EVIDENCE BOUNDARY

CORE SENTENCE Dynamics become explanatory only when the measured quantity, temporal scale, and inferential limits are explicit.

Figure concept 8B — Metrics are not synonyms

A matrix places behavior, BOLD amplitude, static FC, dFC, HMM occupancy, dwell, entropy, EEG microstates, DFA
exponent, phase metastability, and control energy in rows; columns show temporal scale, units, assumptions, and ADHD
evidence strength. Red prohibition marks prevent arrows that equate one metric with another.

Teaching matrix 8C — Evidence ladder for a dynamical claim

Claim level Minimum observation Additional requirement Present ADHD status

Fluctuation within-person variation above
measurement error

reliability across sessions established behaviorally; mixed neurally

Recurring state reproducible multivariate configurations stable state identity out of sample emerging
Altered dwell/transition group or dimensional difference in

durations/transitions
robust model order and motion sensitivity emerging direct evidence

Metastability temporary coordination under an explicit
dynamical definition

convergent phase/model measures limited

Attractor landscape perturbation-dependent return/escape
geometry

causal or densely sampled system
identification

not established in ADHD

Clinical biomarker reliable individual prediction external validation and added clinical
value

not established

This ladder prevents a common inflation: moving from an observed change in windowed covariance to a claim about
attractor pathology without testing the intervening levels.

Time-averaged equality can conceal dynamical inequality
Suppose two recordings have the samemean activation andmean accuracy. In one, the system remains near a task-supporting
configuration with small fluctuations. In the other, it alternates between high-control and off-task states. The averages are
equal, but the second trajectory contains longer entry delays, more transitions, and heavier recovery costs. This is the basic
reason to study distributions, autocorrelation, dwell, hazard, and transition structure rather than means alone.
Dynamic measures introduce their own risks. A short sliding window can manufacture variability; a long window can erase
it. Head motion can resemble state change. A clustering algorithm will return states even when the generative process is
continuous. Hidden Markov and semi-Markov models depend on the number of states, emission assumptions, temporal
resolution, and alignment across people. Neural entropy, BOLD variance, EEG microstates, and reaction-time variability
are not interchangeable indices of one underlying “instability.”
The evidential standard should therefore be predictive and multilevel. A proposed state must be reliable enough within a
person, correspond to a defined task epoch or behavior, generalize to held-out data, and add information beyond symptom
severity, motion, arousal, and simple performance summaries. Only then can altered occupancy or dwell be interpreted as
a candidate mechanism rather than an analytic description.

What a dynamic claim must actually measure
A dynamic account begins with a simple warning: temporal variation in a measurement is not automatically variation in a
neural state. Reaction times fluctuate because of attention, motor preparation, strategy, speed-accuracy tradeoff, fatigue, and
measurement noise. BOLD signals fluctuate through neural, vascular, respiratory, cardiac, and motion-related processes.
EEG amplitude and phase vary across arousal, eye movement, muscle activity, and cognitive events. The analytic task is to
show that a proposed state variable captures reproducible structure beyond these alternatives.
Different methods answer different temporal questions. Trial-wise behavioral models can estimate lapse probability at
the scale of seconds. EEG and MEG can resolve rapid changes in oscillatory coordination but localize sources indirectly.
fMRI samples slower hemodynamic projections with higher spatial coverage. Experience sampling can identify thought
content but perturbs the stream it measures. Wearables and digital phenotyping offer ecological duration while sacrificing
experimental control. A coherent design aligns these scales instead of treating them as interchangeable views of one hidden
process.
State discovery is especially vulnerable to circularity. A clustering algorithm will partition data even when the underlying
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process is continuous. A sliding window will produce changing correlations even from some stationary signals. Hidden
Markov models can return crisp labels whose certainty exceeds the evidence. The proposed states must therefore survive
changes in window length, parcellation, motion threshold, state number, initialization, and classifier. Posterior uncertainty
and out-of-sample prediction belong in the result, not in a methods footnote.
For ADHD, a useful state should predict something clinically or behaviorally consequential: an imminent omission, sponta-
neous mind wandering, recovery after interruption, failure to initiate, or successful completion outside the scanner. Group
differences in occupancy or dwell matter more when they predict these events beyond symptom score, mean performance,
sleepiness, medication status, and head motion. Otherwise the dynamic analysis may be a more elaborate description of
variance rather than an explanation.
Trait and state must also be separated. A person’s average transition pattern may be relatively stable, while the expression
of that pattern changes with sleep, reward, menstrual or hormonal state, stress, novelty, and drug exposure. Repeated
measurement permits a hierarchical decomposition into between-person differences, within-person context effects, and
residual fluctuation. A single resting-state scan cannot provide that decomposition.
The Flow Hijacked synthesis becomes testable only at this level. Shorter dwell, greater perturbation sensitivity, slower
re-entry, or altered transition probability are distinct predictions. They may not all move together, and ADHD may contain
subgroups with opposite patterns. Metastability should therefore denote an estimable balance between persistence and
flexibility, not a poetic synonym for inconsistency.

A pre-lapse experiment that could discriminate mechanisms

An informative study would combine a sustained task with intermittent thought probes, eye tracking, EEG, and a slower
whole-brain measure in repeated sessions. Interruptions, reward, and time-on-task would be experimentally varied. The
primary outcome would not be a mean group contrast, but the probability of an omission or reported task-unrelated thought
in the next several seconds.
Candidate models would compete prospectively. One might use only recent reaction times and errors. Another might add
pupil-linked arousal and gaze. A network-state model might add time-varying coordination; a semi-Markov model might
distinguish transition probability from duration. The neural model earns explanatory value only if it improves held-out
prediction and remains useful after motion, sleepiness, and performance history are included.
The experiment would also test direction. Does a candidate neural configuration precede the lapse, appear when the person
notices departure, or follow the error? These epochs require separate regressors and sufficient events. A classifier trained
on post-error recovery cannot be used as evidence that the same state caused the original lapse.
Repeated sessions allow trait-state decomposition. If a person repeatedly shows high unwanted-exit hazard across contexts,
that may be trait-like. If the hazard rises specifically with sleep loss or low reward, the context interaction becomes the
more precise result. Medication can then be tested against the same model: does it alter baseline occupancy, transition
probability, dwell, or only task performance?
Such a design could still fail. Probesmay changemindwandering, EEG statesmay not alignwith fMRI states, and ecological
tasks may not reproduce scanner dynamics. Those limitations should be part of the prediction. A dynamic theory is
strengthened when it specifies the observations that would show its state vocabulary is unnecessary.

Dynamics must earn their extra complexity

A hidden-state model is informative only if its states are reliable across resampling, interpretable through behavior or in-
dependent measurement, and predictive outside the observations used to construct them. More states will almost always
fit training data better. The meaningful comparison is against simpler baselines on held-out people or sessions, with un-
certainty around dwell time and transition estimates. Otherwise “metastability” may rename noise, motion, fatigue, or
arbitrary clustering.
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Part proposition
The familiar puzzle—“How can someone fail to begin an ordinary task yet sustain intense attention elsewhere?”—is not re-
solved by declaring either incapacity or hidden willpower. Performance is generated by a person-in-context system. Reward
timing, intrinsic interest, novelty, emotional significance, bodily state, arousal, sleep, stress, task structure, and available
scaffolding all change the probability that a useful configuration will be entered and maintained.
Context dependence does not mean that ADHD is unreal. It means that the phenotype is expressed through state-dependent
control. Trait liability changes the distribution of reachable states; context changes which part of that distribution is sampled.

99 Low-value and high-value tasks
“Value” includes more than money or pleasure. A task can carry intrinsic curiosity, social meaning, urgency, identity
relevance, relief from uncertainty, or a clear endpoint. A low-value task may have delayed consequences, ambiguous steps,
weak feedback, and high initiation cost. The same person can therefore experience a different control problem under two
tasks that look equally simple to an observer.
Let the subjective action value be schematically

𝑄(𝑎, 𝑠) = 𝔼[
∞

∑
𝑘=0

𝛾𝑘𝑟𝑡+𝑘 ∣ 𝑠𝑡 = 𝑠, 𝑎𝑡 = 𝑎] − 𝐶effort(𝑎, 𝑠),

where 𝛾 discounts future outcomes and 𝐶effort represents anticipated cost. This is a modeling vocabulary, not a claim that
the brain computes a literal scalar. Immediate, reliable feedback can raise estimated value and reduce uncertainty; distant
outcomes can lose leverage.
ESTABLISHEDCONTEXTEFFECT. Incentive and task structure can substantially alter ADHD performance and some
network measures (Liddle et al., 2011; Fisher et al., 2023).
Moral guardrail. A neural system that responds to value is not choosing symptoms. “Can under one condition” does not
entail “can identically under all conditions.”

100 Reward anticipation and ventral striatum
Reward processing unfolds in phases: cue detection, anticipation, action, outcome, prediction error, and learning. Plichta
and Scheres (2014) reported a medium average reduction in ventral-striatal responsiveness during reward anticipation in
ADHD across the early fMRI literature. The direction and magnitude are not uniform across reward receipt, omission,
probability, age, and comorbidity.
The ventral striatum receives converging information about expected outcomes, novelty, and motivational significance. Its
activity can influence control vigor and task selection through corticostriatal loops. Methylphenidate has been reported to
modify reward-cue discrimination in adults with ADHD (Furukawa et al., 2020), but one task-specific pharmacological
effect does not establish a universal reward normalization.
SUPPORTED META-ANALYTIC GROUP SIGNAL. An average anticipatory ventral-striatal difference is supported
in the early synthesis, but its magnitude, generality, and boundary conditions remain unsettled.
Boundary. Reward anticipation is not motivation as a whole, and BOLD response is not dopamine concentration.

101 Immediate versus delayed outcomes
Meta-analysis shows steeper monetary delay discounting on average in ADHD (Jackson & MacKillop, 2016). Delay aver-
sion, however, is conceptually distinct from inaccurate interval timing. One describes preference or avoidance under delay;
the other describes temporal representation. A person may estimate time accurately and still find waiting unusually costly,
or estimate it poorly without preferring immediacy.
Hyperbolic discounting is often modeled as

𝑉 (𝐷) = 𝐴
1 + 𝑘𝐷,

where 𝐴 is delayed reward magnitude, 𝐷 delay, and 𝑘 discount rate. Higher 𝑘 means steeper discounting. The model is
descriptive; it does not locate a single neural cause.
Delayed goals create a control challenge because their representation must persist without immediate reinforcement. Exter-
nal milestones, visible progress, and proximal feedback can change the effective temporal structure of the task rather than
merely exhorting greater effort.
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SUPPORTED INTERPRETATION

Temporal discounting and delay aversion can make some useful task states less reachable or less stable.
Boundary. Group differences do not apply uniformly, and discounting depends on task design and reward domain.

102 Effort cost and behavioral vigor
Effort allocation asks whether the expected outcome justifies cognitive or physical cost. Behavioral vigor asks how rapidly
and energetically an action policy is executed. These are separable from accuracy and from reward sensitivity.
TheADHD effort literature is smaller and sometimes contradictory. Winter et al. (2019) suggested that childrenwith ADHD
may not choose a different effort–reward trade-off so much as struggle to recruit the selected effort. Mitchell and Sevigny-
Resetco (2020) emphasized that the relation between ADHD and effort-based decision making remained underdeveloped.

OPEN QUESTION

Is the limiting process altered cost valuation, difficulty mobilizing control after a choice, unreliable persistence once mobi-
lized, or some combination? Different mechanisms predict different responses to incentives, task chunking, and medication.
Lecture consequence. Do not use “motivation” as an explanation that merely renames nonperformance.

103 Novelty and attentional capture
Novel events carry information. They can signal threat, reward, opportunity, or a need to update a model. Reorienting to
novelty is adaptive; chronic environments designed to deliver rapid novelty can repeatedly destabilize a weakly anchored
task.
A salience-weighting shorthand is

𝑆𝑖(𝑡) = 𝑤𝑟𝑅𝑖(𝑡) + 𝑤𝑢𝑈𝑖(𝑡) + 𝑤𝑒𝐸𝑖(𝑡) + 𝑤𝑔𝐺𝑖(𝑡),

where 𝑅 is reward relevance, 𝑈 uncertainty reduction, 𝐸 emotional significance, and 𝐺 goal relevance. The weights 𝑤 are
state dependent. An external cue can dominate because it is novel even when it is not aligned with the long-term goal.

SUPPORTED INTERPRETATION

Altered reorienting thresholds, gain, or post-capture stabilization could contribute to distractibility.
Not established. A universal novelty-seeking circuit or direct proof that smartphones create de novo adult ADHD. Rapid-
switch environments can fragment attention and amplify symptoms without becoming the developmental disorder’s sole
cause.

104 Emotional salience
Anger, rejection, shame, anticipation, and threat can rapidly reorganize priorities. Emotional dysregulation is common and
impairing in ADHD, but not a diagnostic synonym. Amygdala, insula, medial prefrontal, cingulate, striatal, and autonomic
systems interact with cognitive control; the division between “emotion” and “attention” is artificial at the level of network
dynamics.
Yang et al. (2021) reported time-varying amygdala-subregion coupling differences with prefrontal and other regions in
children with ADHD. Rafi et al. (2025) found that lower salience-centered dynamic connectivity tracked an integrated
adolescent ADHD phenotype, whereas greater global metastate variability tracked emotional reactivity.
EMERGING EVIDENCE. Emotion-related circuitry participates in time-varying ADHD network organization.
Boundary. Samples are modest, emotional measures often include self-report, and comorbid anxiety, depression, trauma,
or bipolar risk can change the pattern.
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105 Interoception and bodily state
The anterior insula integrates signals from the body with uncertainty, salience, and action readiness. Hunger, pain, heart
rate, respiratory state, and medication side effects can therefore influence task engagement. Interoceptive signals may
stabilize behavior when they accurately mark fatigue or urgency, or compete with the task when bodily discomfort becomes
dominant.
SUPPORTED GENERAL MECHANISM. Salience systems integrate internal and external significance (Seeley et al.,
2007; Menon & Uddin, 2010).
OPEN ADHD QUESTION. Direct evidence linking interoceptive precision to momentary ADHD task transitions is in-
sufficient. The lecture may present interoception as a candidate moderator, not a demonstrated core mechanism.
This distinction prevents reverse inference: anterior-insula activity does not prove that an interoceptive process caused a
lapse.

106 Arousal and locus-coeruleus state
The locus-coeruleus norepinephrine system has been modeled as regulating neural gain and the balance between exploita-
tive task engagement and exploratory reorientation (Aston-Jones & Cohen, 2005). Very low arousal may weaken task
representation and sensory responsiveness; excessive tonic arousal may increase distractibility or reduce selectivity. The
useful regime is often described by an inverted-U relationship.
If performance 𝑃 depends on effective gain 𝑔, a simple local model is

𝑃(𝑔) = 𝑃max − 𝛼(𝑔 − 𝑔∗)2,

where 𝑔∗ is context-specific optimum. This parabola is an illustration, not a universal law. Different prefrontal operations,
developmental stages, and stress levels can have different optima.
Recent large observational and precision-pharmacology work reported that stimulant-associated connectivity related more
to arousal, sleep, and reward systems than to canonical attention-network connectivity, though the observational arm cannot
establish causality and the dense within-person arm included only five healthy adults (Kay et al., 2025).

SUPPORTED INTERPRETATION

Catecholamine and arousal state can change the gain and stability of task configurations.

107 Sleep, circadian timing, and waking local sleep
Sleep problems are common in children and adults with ADHD, and circadian differences have been documented across
systematic reviews (Coogan & McGowan, 2017; Díaz-Román et al., 2018; Becker, 2020; Bondopadhyay et al., 2022;
Cortese et al., 2024). Causal direction is complex: ADHD symptoms disrupt routines, delayed schedules restrict sleep,
comorbid conditions disturb sleep, and stimulants can affect latency or duration while improved daytime control may help
routines.
Sleep pressure can change the same person’s network dynamics across the day. Pinggal et al. (2026) linked local sleep-
like slow waves during wakefulness to errors, slowing, variability, mind wandering/blanking, and sleepiness in adults with
ADHD. This provides one plausible route from bodily state to momentary failure.
ESTABLISHEDCLINICALEVIDENCE. Sleep and circadian problems commonly interact with ADHD and can worsen
functioning.
EMERGING NEURAL EVIDENCE. Local waking slow waves may mediate some lapses.
Diagnostic guardrail. Sleep deprivation can cause ADHD-like concentration problems; it does not by itself establish
developmental ADHD.
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108 Stress and task demand
Stress changes catecholamines, bodily salience, threat monitoring, memory retrieval, and the apparent cost of control. Mod-
erate arousal can sharpen performance in one context; uncontrollable or prolonged stress can destabilize it. Task demand
also has multiple dimensions: cognitive load, perceptual load, time pressure, uncertainty, working-memory span, and emo-
tional meaning.
Fisher et al. (2023) found that cognitive and perceptual load had opposing effects on network efficiency and behavioral
variability in ADHD. This is an empirical warning against treating “difficulty” as one axis.

SUPPORTED INTERPRETATION

Context can transform performance by changing both the task configuration required and the internal state available to
realize it.
Boundary. Stress-related attentional impairment is not diagnostic evidence of ADHD. PTSD, anxiety, depression, sleep
loss, and substance effects can produce distinct but overlapping patterns.

109 Incentive-dependent improvement is not proof of voluntary control
Suppose performance improves when incentives are introduced. Three conclusions do not follow:

1. baseline impairment was deliberately chosen;
2. the person can reproduce the incentive condition through self-criticism;
3. the improvement generalizes to every task and timescale.

In Liddle et al. (2011), incentive and methylphenidate removed a low-incentive DMN-modulation difference in a small
responder-enriched pediatric sample. This demonstrates modifiability, not voluntariness. It also does not prove durable
normalization.
The causal chain may involve increased cue salience, reduced delay, stronger expected value, altered catecholamine gain,
clearer feedback, or a more stable control configuration. These can be experimentally separated.

EVIDENCE BOUNDARY

CORE SENTENCE State dependence is not evidence of moral choice; it is evidence that performance is conditional.

Figure concept 9A — Same person, different control landscape

Two within-person panels show the same goal under (a) delayed reward, ambiguous steps, sleep loss, and interruption, and
(b) proximal feedback, visible steps, adequate sleep, and protected time. Use probability distributions over entry and dwell
time, not “bad brain/good brain” cartoons.

110 Hyperfocus as high capture, strong persistence, or impaired release
Hyperfocus lacks a single mature operational definition. Self-report studies find that people with higher ADHD symptoms
report more frequent or dispositional hyperfocus, and the Adult Hyperfocus Questionnaire–Dispositional has initial psycho-
metric support (Hupfeld et al., 2019; Groen et al., 2020; Ashinoff & Abu-Akel, 2021; Hupfeld et al., 2024). Convenience
samples, self-diagnosis, and retrospective reporting limit causal inference. There is no established neural signature.
Three mechanisms should be distinguished:

• capture — unusually high probability of entering a high-salience activity;
• persistence — long dwell once engaged;
• release failure — difficulty leaving when priorities change.

These need not co-occur. Flow typically includes skill–challenge balance, intrinsic reward, and a sense of effective con-
trol. Hyperfocus can be pleasant or costly, productive or maladaptive, and sometimes difficult to interrupt. Perseveration
emphasizes inflexibility rather than positive absorption.
PLAUSIBLE REFRAMING.Hyperfocus is consistent with dysregulated allocation and transition of attention rather than
absence of capacity.
Not proof. It does not by itself validate a network mechanism or disprove attention deficits measured in other contexts.
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Figure concept 9B — Absorption feature space

A triangular or three-dimensional plot uses controllability, value/positive affect, and switching flexibility as axes. Flow,
productive deep work, rigid perseveration, and hyperfocus reports occupy overlapping—not categorical—regions. Add a
prominent “operational definitions immature” label.

111 Trait liability × state modulation
Let 𝜃 represent relatively stable liabilities—development, genetics, learned history, and enduring cognitive traits—and let
𝑧𝑡 represent changing states such as arousal, sleep pressure, affect, reward context, and medication. Performance is

𝑌𝑡 = 𝐹(𝜃, 𝑧𝑡, 𝑐𝑡, 𝑢𝑡) + 𝜖𝑡,

where 𝑐𝑡 is task context and 𝑢𝑡 the supports or control inputs. The important term may be interaction, not additive deficit:

𝜕2𝐹
𝜕𝜃 𝜕𝑧 ≠ 0.

The same loss of sleep can have a larger functional effect for one developmental profile; the same incentive can stabilize
one task but create overcapture in another. Trait liability shifts probabilities; state and context select among them.

SUPPORTED INTERPRETATION

ADHD is both trait-like and state-dependent. Longitudinal persistence of the syndrome coexists with marked within-person
fluctuation.
FLOW HIJACKED SYNTHESIS. A deeper account asks how context deforms the landscape of reachable cognitive
configurations: which states become easier to enter, which become more stable, which perturbations gain leverage, and
whether adaptive release remains possible.

EVIDENCE BOUNDARY

CORE SENTENCE The contradiction disappears when attention is treated as regulated allocation across time: difficulty entering one state can
coexist with excessive persistence in another.

Teaching matrix 9C — Context variables and falsifiable predictions

Context variable If it mainly affects… Predicted observation Evidence status

Proximal reward entry/value shorter initiation latency supported in selected paradigms
Stable feedback maintenance/learning longer accurate runs, better policy

updating
plausible; task dependent

Novel notifications unwanted exit higher capture hazard during weakly
anchored tasks

general attention support;
ADHD-specific dynamics incomplete

Intrinsic interest entry plus dwell rapid engagement and prolonged
occupancy

phenomenologically supported; neural
evidence sparse

Sleep pressure state stability more slow trials, omissions, local slow
waves

supported, with recent direct EEG
evidence

Emotional threat salience arbitration faster reorientation and poorer return plausible; comorbidity-sensitive
Explicit task chunking re-entry/goal memory lower restart cost after interruption clinically plausible; neural mechanism

inferred
Time-of-day alignment arousal improved stability at preferred phase sleep/circadian evidence; individual

variation large

The table converts “context matters” from a vague explanation into separable predictions.

112 Cross-part synthesis: from a cast of networks to a conditional trajectory
Parts VI–IX support five conclusions at different evidence levels.

1. ESTABLISHED EVIDENCE. Human task performance depends on multiple dissociable large-scale systems. DMN
is adaptive; “task positive” is not one anatomical network.

2. ESTABLISHED SMALL GROUP EFFECTS. ADHD is associated with small distributed connectivity and activa-
tion differences, including DMN–attention coupling, reward anticipation, and systems involved in cognitive control.
Effects vary by age, task, medication, and method and do not diagnose individuals.

3. EMERGING DIRECT EVIDENCE. Some ADHD samples show altered state occupancy, dwell time, time-varying
cross-network interaction, neural flexibility, representational stability, entropy dynamics, or pre-lapse physiology.
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4. SUPPORTED INTERPRETATION. ADHD can be studied as a disorder of context-appropriate configuration and
temporal regulation, not merely lower mean activation.

5. OPEN / FLOW HIJACKED HYPOTHESIS. Distinct entry, persistence, unwanted exit, adaptive release, and re-
entry hazards may explain heterogeneity and treatment response. This framework requires prospective within-person
tests; it is not yet established neuroscience.

Context changes the landscape, not the reality of impairment
Reward, interest, novelty, urgency, emotion, and social consequence can change what is salient, how future value is dis-
counted, and how much effort a task appears to require. These variables reshape the probability of entry and persistence.
Their influence is not peculiar to ADHD, but the magnitude, reliability, or cost of the modulation may differ across people
and situations.
Hyperfocus is useful only when operationalized. It may describe rapid capture by a highly valued activity, unusually
long dwell, reduced awareness of competing needs, difficulty releasing when priorities change, or retrospective loss of time.
These components need not covary. A person can be productively absorbed and switch appropriately, or can remain engaged
after the activity has ceased to serve the current goal. The clinical question is flexible allocation, not the moral status of
intense interest.
This perspective also distinguishes performance from cost. Immediate incentives may normalize accuracy during a brief
task while requiring unsustainable arousal, producing rebound fatigue, or failing to generalize to distant goals. Ecological
studies should therefore measure not only whether performance improves, but how long the effect lasts, what happens after
reward is removed, which competing obligations are displaced, and whether the person gains greater control over both entry
and release.

Context changes transition probabilities without abolishing disorder
Motivation does not sit outside cognitive control. Expected value, delay, novelty, social consequence, uncertainty, fatigue,
and opportunity cost influence whether a task representation wins access to action and whether it remains worth protecting.
Every person is context sensitive. The scientific question is whether particular contexts produce larger, less predictable, or
more costly changes in entry and persistence for some people with ADHD.
Immediate reward can improve performance through several routes. It may increase cue salience, reduce the subjective
distance to an outcome, increase response vigor, clarify the rule, or supply trial-by-trial feedback. These mechanisms make
different predictions after the reward is removed. If performance collapses immediately, the incentive may have stabilized
only the current state. If a learned policy persists, reinforcement may have changed the future transition landscape. A brief
accuracy improvement cannot distinguish these possibilities.
Urgency is similarly double-edged. An approaching deadline can sharply raise expected cost and compress the action set
until entry becomes likely. The resulting performance may be excellent, yet it can depend on stress-level arousal, eliminate
opportunities for revision, disrupt sleep, and produce recovery costs afterward. Deadline responsiveness therefore does not
show that earlier non-entry was voluntary. It shows that the control landscape changed when the consequences became
immediate.
Hyperfocus should be decomposed into capture, dwell, awareness, controllability, and release. Long engagement in a valued
task may be productive absorption. It becomes clinically relevant when the person cannot redirect attention after priorities
change, loses awareness of bodily or social needs, or repeatedly sacrifices more important delayed goals. These dimensions
allow hyperfocus to be studied without romanticizing it or treating every enjoyable period of concentration as pathology.
Sleep and circadian timing alter the same landscape. Insufficient sleep can increase reaction-time variability, weaken inhi-
bition, intensify reward seeking, and reduce prospective memory in people with and without ADHD. Delayed sleep timing
and difficulty disengaging from evening activity can then create feedback: impaired regulation worsens sleep behavior, and
sleep loss worsens regulation. Assessment and treatment should measure this loop rather than assigning every fluctuation
to the diagnosis.
The deeper point is that context dependence and genuine impairment are compatible. A lock that opens only under unusually
intense pressure is still unreliable. Treatment can be understood as broadening the range of ordinary conditions under which
intended action becomes accessible, while reducing the need for crisis, novelty, or immediate reward. That is a regulation
goal, not a demand for constant productivity.
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Hyperfocus becomes measurable when release is included

Auseful hyperfocus paradigmwould offer two engaging activities with changing priority. The first begins with high intrinsic
interest and immediate feedback. Later, a cue signals that the second task now carries greater value. The participant can
remain, switch, or return. This design separates deep engagement from the capacity to reallocate attention when the goal
changes.
Several variables would be recorded. Entry latency measures capture by the preferred task. Dwell time measures persis-
tence. Missed bodily or external cues index perceptual narrowing. Confidence and experience sampling measure awareness.
Switch latency after the priority signal measures release, while performance after switching measures whether the task set
was reconstructed. A person can score high on one dimension and low on another.
Reward manipulations can test whether the apparent contradiction is really a change in allocation. Immediate incentives
for the initially dull task may shorten entry without improving release. Novelty may produce rapid capture that fades with
repetition. Social accountability may stabilize dwell. A distant reward may remain weak until its temporal distance is
reduced. These patterns implicate different control constraints even when all are described colloquially as motivation.
The experiment must also distinguish flow. Flow usually includes perceived control and an adaptive match between chal-
lenge and skill. Hyperfocus reports may include absorption without control, persistence after value has changed, or negative
after-cost. The constructs can overlap without being synonymous. Productive creative absorption should not be patholo-
gized merely because it is intense.
An ecological extension could use consented computer activity and brief self-reports over several weeks. The important
outcomes would include abandoned obligations, successful switches, sleep displacement, subjective cost, and whether the
person endorsed the allocation afterward. Duration alone is insufficient; four hours on a chosen creative project and four
hours trapped in an activity after wanting to stop occupy different regions of the outcome space.
Within TSVE, hyperfocusmay represent a deep basin for one highly valued configuration combinedwith high exit cost when
priorities change. That is a Flow Hijacked hypothesis, not an established neural finding. It becomes useful only if basin-like
parameters predict controllability and functional outcomes better than interest, habit strength, or ordinary task-switch cost.

Reward changes the control problem without abolishing impairment

Suppose a low-interest administrative task becomes urgent, novel, socially consequential, or immediately rewarded. Entry
can accelerate because the expected value of acting now rises relative to delay. Salient feedback can reduce uncertainty about
progress, while a short deadline compresses an otherwise distant outcome into the present. These changes can stabilize a
task representation without implying that the person possessed frictionless voluntary control all along.
The same manipulation may create costs. Urgency can recruit stress, narrow exploration, encourage speed over accuracy,
or produce an unsustainable burst followed by exhaustion. Novelty loses value with repetition. External rewards can crowd
the environment with competing cues or become impractical to maintain. A mechanism account therefore asks which
parameter changed—expected value, effort cost, temporal distance, uncertainty, or arousal—and which outcome improved.
Hyperfocus supplies a complementary test. Long dwell on a highly valued activity shows that persistence is possible
under some conditions; it does not show that entry, switching, prioritization, or release are reliable across conditions. The
clinically relevant contrast is flexible allocation versus state capture. A strong account must predict both the productive
episode and the obligations displaced by it.
In the Flow Hijacked synthesis, reward and salience are candidate deformations of the state landscape, not magic fuel.
They may deepen one basin, reduce an entry barrier, amplify a cue, or change transition probabilities. That description is a
supported way to formulate experiments, but the particular geometry has not been directly measured in an individual with
ADHD. The hypothesis earns status only through prospective prediction.
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Purpose and evidentiary boundary
This part builds themolecular and cellular substrate needed to discussmedicationwithout collapsingADHD into a chemical-
deficiency slogan. The central proposition is deliberately narrower than “dopamine causes attention.” Dopamine and
norepinephrine participate in the regulation of learning, vigor, arousal, value, prefrontal representation, action selection
and neural gain. Drugs that alter these systems can reduce ADHD symptoms. Neither fact establishes that ADHD is a
unitary state of globally deficient dopamine or norepinephrine.
Throughout this part, five levels must remain separate:

1. Molecular target engagement: a drug binds a transporter or receptor.
2. Cellular or local-circuit effect: transmitter concentration or membrane dynamics change in a particular tissue.
3. Large-scale network effect: distributed coupling, activation, variability or state occupancy changes.
4. Cognitive effect: performance changes on a defined operation, under a defined task.
5. Clinical effect: symptoms, functioning, safety or quality of life change over a meaningful interval.

An arrow between two levels is an empirical claim only when the study measured both sides under a design capable of
linking them. Otherwise it is a translational inference. This rule matters because much of the ADHD story is assembled
across species, spatial scales and timescales. The assembly can be scientifically valuable without being mistaken for a
single continuous measurement.

EVIDENCE BOUNDARY

Core sentence. Catecholamines are not a fuel gauge for attention. They are context-sensitive control parameters in a distributed, adaptive system.

Evidence labels used in this part

• Established evidence: replicated pharmacology, clinical trials or convergent human measurement.
• Supported interpretation: a synthesis consistent with multiple evidence streams but not directly measured end-to-end.
• Plausible mechanism: usually cross-species or cross-level; useful, but not demonstrated as the explanation of human
ADHD.

• Flow Hijacked hypothesis: a testable dynamical interpretation introduced by this lecture.
• Boundary or contradiction: evidence that constrains the preceding claim.

113 Why “ADHD is low dopamine” is inadequate
The phrase survives because it compresses three true observations into one false certainty. First, dopamine is involved in
reward, reinforcement, action and cognitive control. Second, some of the most effective ADHDmedications alter dopamin-
ergic signaling. Third, molecular imaging has identified dopamine-related differences in some ADHD samples. The illicit
inference is that these observations prove a single, chronic, brain-wide shortage that causes the diagnosis.
They do not. A treatment target is not necessarily a disease lesion. Acetaminophen reducing fever would not show that
fever is caused by acetaminophen deficiency. Likewise, blockade of the dopamine transporter can improve performance
without demonstrating that pretreatment extracellular dopamine was globally low. A drug may move a nonlinear control
system toward a more useful operating regime even when the original perturbation lies elsewhere—in receptor distribution,
developmental timing, network topology, arousal, learned policy, sleep, reward contingencies or their interaction.
“Dopamine level” is itself underspecified. Relevant quantities include synthesis capacity, vesicular stores, release probability,
tonic extracellular concentration, event-linked transients, transporter density, transporter occupancy, receptor availability,
receptor affinity state, downstream signaling, regional innervation, and the sensitivity of the network receiving the signal.
A higher concentration in one compartment can coexist with lower effective signaling in another. PET binding potential is
not a direct beaker measurement of synaptic transmitter. It depends on ligand kinetics, receptor or transporter availability,
competition, blood flow, modeling assumptions and the temporal relation to medication.
ADHD is also heterogeneous and developmental. Group means do not specify every individual, and a childhood phenotype
cannot be assumed to share the same molecular operating point as persistent adult ADHD. Sex, prior treatment, genotype,
comorbidity, sleep, recent reward and stress can moderate catecholamine response. In healthy adults, methylphenidate-
evoked ventral-striatal dopamine increases differed by sex, directly warning against universalizing male-dominated imaging
results (Manza et al., 2022; doi:10.1038/s41380-021-01294-9; PMID 34707237).
The scientifically defensible replacement is therefore: catecholaminergic signaling is one important modulator of
ADHD-relevant control, reward and arousal processes; its causal contribution is regional, temporally structured, de-
velopmentally contingent and heterogeneous. That statement is less memorable than “low dopamine,” but it can survive
contact with the data.
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114 Dopamine synthesis, release, reuptake and metabolism
Dopamine synthesis begins with the amino acid tyrosine. Tyrosine hydroxylase converts tyrosine to L-3,4-
dihydroxyphenylalanine (L-DOPA), the rate-limiting step under many conditions. Aromatic L-amino-acid decarboxylase
converts L-DOPA to dopamine. Vesicular monoamine transporter 2 (VMAT2) packages cytosolic dopamine into vesi-
cles, protecting it from metabolism and positioning it for activity-dependent exocytosis. Following release, dopamine can
bind receptors, diffuse beyond a classical synaptic cleft, undergo transporter-mediated uptake, or be metabolized through
monoamine oxidase and catechol-O-methyltransferase pathways.
A minimal extracellular mass-balance model is

𝑑𝐷𝑒
𝑑𝑡 = 𝑅𝐷(𝑡) − 𝑉max,𝐷𝐷𝑒

𝐾𝑚,𝐷 + 𝐷𝑒
− 𝑘loss𝐷𝑒,

where 𝐷𝑒 is extracellular dopamine concentration, 𝑅𝐷(𝑡) is release, the Michaelis–Menten term approximates saturable
transporter clearance, and 𝑘loss collects diffusion and nonsaturable loss. This is a teaching model, not a patient-specific
equation. It shows why the same extracellular concentration can result from increased release, reduced uptake, altered
transporter capacity, or multiple simultaneous changes. It also shows why transporter blockade has nonlinear effects: the
change depends on the baseline relation among 𝐷𝑒, 𝐾𝑚, release and regional transporter abundance.
Release is temporally structured. Midbrain cells may show changes in average firing and event-linked burst firing; terminal
release is additionally shaped by local receptors, acetylcholine, glutamate, reuptake and terminal architecture. “A dopamine
burst” is therefore not an indivisible broadcast. It is a distributed event whose amplitude andmeaning vary across projections
and target regions.
No robust body of evidence establishes one globally reduced dopamine synthesis rate as the defining lesion of ADHD.
Molecular findings vary by sample, medication history, age and analytic approach. The clinically important conclusion is
not agnosticism about dopamine; it is precision about what was measured.

115 DAT and regional transporter differences
The dopamine transporter (DAT) clears extracellular dopamine especially strongly in striatum. Therapeutic oral
methylphenidate produces substantial striatal DAT occupancy in humans, and PET work showed increased extracellular
dopamine at therapeutic exposure (Volkow et al., 1998, doi:10.1176/ajp.155.10.1325, PMID 9766762; Volkow et al., 2001,
doi:10.1523/JNEUROSCI.21-02-J0001.2001, PMID 11160455). These are foundational target-engagement results. They
show what methylphenidate can do. They do not show that every untreated person with ADHD has excessive DAT function
or low basal dopamine.
In a simple one-site occupancy model,

𝑂(𝐶) = 𝐶
𝐶 + 𝐾𝑑

,

where 𝑂 is the fraction occupied, 𝐶 is free drug concentration at the target, and 𝐾𝑑 is an equilibrium dissociation constant.
The model clarifies two points. First, dose and occupancy are not linearly related. Second, identical oral doses need not
produce identical brain concentration or occupancy because absorption, metabolism, formulation, body size, timing and
interacting drugs differ. Real transporter pharmacology is more complicated than this equilibrium expression, especially
for transporter substrates such as amphetamine.
Regional anatomy changes the meaning of uptake. In prefrontal cortex, DAT density is lower than in striatum, and the
norepinephrine transporter contributes materially to dopamine clearance. A selective NET inhibitor can therefore increase
prefrontal dopamine while producing much less striatal dopaminergic effect than a DAT-engaging stimulant. The phrase
“raises dopamine” does not make two drugs pharmacologically interchangeable.
Long-term exposure may also alter the target. In a small, open, nonrandomized 12-month study, methylphenidate treatment
was associated with an approximately 24% increase in striatal DAT availability; the authors proposed compensatory up-
regulation (Wang et al., 2013; doi:10.1371/journal.pone.0063023; PMID 23696790). The functional consequence was not
established, and binding interpretation after chronic exposure is difficult. Yet the result is a decisive conceptual warning: a
molecule’s acute action and the system’s adaptation to repeated exposure are different objects of study.
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116 D1-like and D2-like receptor families
Dopamine receptors are commonly grouped into D1-like receptors, principally D1 and D5, and D2-like receptors, including
D2, D3 and D4. The families differ in G-protein coupling, cellular location, affinity, distribution and downstream effects.
“Dopamine activation” therefore has no single sign. It can stabilize one ensemble, inhibit another, alter plasticity, change
the threshold for action or reshape how value affects control.
Moderate D1 receptor stimulation in prefrontal circuits can sharpen persistent representations by reducing irrelevant ac-
tivity and strengthening task-relevant recurrent organization. Too little D1 signaling may leave representations weak; too
much may overconstrain the circuit or suppress information needed for flexible updating. This cellular literature, strongly
associated with Arnsten and colleagues, is a mechanistic foundation for the inverted-U principle. Much of its most precise
evidence comes from animal neurophysiology and pharmacology, not direct receptor manipulation in humans with ADHD.
It is therefore a plausible bridge, not a measured diagnosis-wide cellular lesion.
D2-family signaling is prominent in striatal learning, action selection and motivational processes, but the receptor family
spans presynaptic autoreceptors and postsynaptic populations with different roles. D2 availability in molecular imaging
is a compound signal, not a direct measure of “motivation.” In healthy-human PET-fMRI work, individual response to
methylphenidate depended more on baseline D1:D2/3 availability than on the magnitude of evoked dopamine release, and
cortical activation changes tracked performance (Manza et al., 2025; doi:10.1073/pnas.2423785122; PMID 40127280).
This does not prove the same mechanism in ADHD, but it falsifies the simplest dose-to-dopamine-to-benefit chain.
Receptor-level heterogeneity helps explain why the same drug can improve one person, do little for another, or produce
overactivation in a third. It does not authorize receptor genotyping or PET as routine treatment selection tools. The current
evidence is mechanistic and group-level, not a validated clinical dosing algorithm.

117 Mesocortical, mesolimbic and nigrostriatal pathways
Three pathway labels organize discussion but should not be mistaken for sealed pipes.
The mesocortical system, broadly referring to midbrain projections to prefrontal and association cortex, participates in
workingmemory, rulemaintenance, cognitive effort and flexible control. A catecholamine intervention can alter the stability
of a task representation without simply increasing mean prefrontal activation. Efficient performance may require either
greater recruitment or lower activation, depending on baseline state and strategy.
The mesolimbic system, including projections to ventral striatum and related limbic structures, contributes to reward pre-
diction, incentive salience, learning and behavioral vigor. ADHD reward findings are not uniform: anticipation, receipt,
omission and delay can differ, and comorbidity or medication history matters. The clinically recognizable phenomenon—
attention becoming more available when consequences are immediate, novel or intrinsically meaningful—can be described
without accusing the person of choosing not to care. Reward changes the control problem itself.
The nigrostriatal system, especially projections from substantia nigra to dorsal striatum, is central to motor and action
selection, sequencing and habit-related processes. It matters because ADHD includes not only cognitive reports but altered
response timing, motor activity and action regulation. It also matters to stimulant pharmacology because striatal DAT
engagement is substantial. Yet ADHD is not a focal nigrostriatal lesion, and motor improvement is not a complete account
of therapeutic benefit.
These systems interact with cortex, thalamus, cerebellum, hippocampus and brainstem. A lecture that treats dopamine as
“the reward chemical” omits action and learning; one that treats it as “the focus chemical” omits timing, salience and state.
The more accurate statement is that dopaminergic projections alter the probability, precision and persistence of distributed
computations.

118 Tonic and phasic signaling
The tonic–phasic distinction is useful if handled as a model rather than a literal two-fluid theory. Tonic dopamine refers to
a slower background operating condition; phasic signaling refers to event-linked changes, often associated with bursts or
pauses. The two interact: tonic state can affect autoreceptors and the relative impact of a transient, while environmental
uncertainty and reward history affect event-linked responses.
In reinforcement-learning notation, a temporal-difference prediction error is

𝛿𝑡 = 𝑟𝑡 + 𝛾𝑉 (𝑠𝑡+1) − 𝑉 (𝑠𝑡),

where 𝑟𝑡 is obtained reward, 𝑉 (𝑠𝑡) is expected future value in state 𝑠𝑡, and 𝛾 ∈ [0, 1] discounts delayed value. Midbrain
dopamine activity has been linked to quantities resembling 𝛿𝑡 in defined paradigms. Dopamine is not identical to this scalar.
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Neural responses also reflect movement, novelty, sensory features, motivational state and heterogeneity across cells and
projections. The equation is a computational lens, not a biomarker definition.
ADHD-relevant hypotheses include altered encoding of delayed consequences, noisier value updates, reduced vigor for low-
immediacy actions, or excessive capture by salient alternatives. Human studies rarely measure tonic and phasic dopamine
directly while also estimating large-scale network states and real-world task persistence. Claims that ADHD is a “tonic
dopamine deficit with compensatory phasic bursts” should therefore be identified as theory unless directly supported in the
population and task at issue.
What the model contributes is temporal precision. A person can have adequate capacity and still show unstable allocation
because the value landscape and state transitions change from moment to moment. Medication may alter learning rate,
value sensitivity, action vigor or the neural gain through which events influence control. These alternatives make different
predictions and should not be merged.

119 Reward prediction, vigor and learning
Reward is not a bribe appended to cognition; it is one of the variables through which organisms allocate effort. Expected
benefit, delay, uncertainty, opportunity cost and effort cost contribute to whether a control policy is initiated and sustained.
A simplified net action value can be written

𝑄(𝑎, 𝑠) = 𝔼[
∞

∑
𝑘=0

𝛾𝑘𝑟𝑡+𝑘 ∣ 𝑠𝑡 = 𝑠, 𝑎𝑡 = 𝑎] − 𝜅𝐸(𝑎, 𝑠),

where 𝐸(𝑎, 𝑠) is expected effort and 𝜅 is its subjective cost. This does not claim that the brain literally subtracts two
numbers in one nucleus. It makes explicit why delay, fatigue, uncertainty and task friction can change engagement even
when intellectual ability is unchanged.
Dopamine has been implicated in reinforcement learning and vigor, while norepinephrine influences arousal, uncertainty
and responsiveness. ADHD research reports altered delay discounting and reward anticipation on average, but neither
finding is universal or diagnostically specific. Reward can improve performance in ADHD, sometimes reducing group
differences, but incentive-dependent improvement is not proof of voluntary control. It shows that the system is condition-
sensitive.
Medication can change reward processing without producing a generic increase in desire. Three-month OROS
methylphenidate treatment increased nucleus-accumbens and thalamic activation during low-reward processing to-
ward control levels in one small pediatric study; the effect was selective to low reward (Mizuno et al., 2013;
doi:10.1016/j.nicl.2013.03.004; PMID 24179790). In a preliminary adult crossover study, clinical improvement with lis-
dexamfetamine covaried with increased activation across reinforcement-learning regions rather than with generic cortical
suppression (Newcorn et al., 2024; doi:10.1016/j.jpsychires.2023.11.037; PMID 38101205). These findings support a
reward-sensitive mechanism while resisting a one-network explanation.

120 Locus coeruleus norepinephrine
Most forebrain norepinephrine arises from the locus coeruleus (LC), a compact brainstem nucleus with broad projections.
LC activity has been modeled as operating in modes: lower tonic activity with task-linked phasic responses can support
exploitation of a current policy; higher tonic activity with diminished task-linked selectivity may accompany scanning,
distractibility or exploration. The Aston-Jones and Cohen framework is influential because it links arousal, utility and
behavioral flexibility (2005; doi:10.1146/annurev.neuro.28.061604.135709; PMID 16022602). Human ADHD-specific
LC measurement remains limited, so it should be used as a constrained systems hypothesis.
Norepinephrine can change response gain. Let a neural population transform input ℎ through

𝑦 = 𝜎(𝑔(ℎ − 𝜗)) ,

where 𝜎 is a saturating nonlinearity, 𝑔 is gain, and 𝜗 is threshold. Increasing 𝑔 makes the response more discriminating
around threshold, but it can also amplify irrelevant inputs or saturate the system. If the currently selected representation is
task-relevant, higher gain may stabilize control; if salience has already been captured by an irrelevant event, the same gain
can deepen the wrong state.
This is why “more norepinephrine improves focus” is no better than the low-dopamine slogan. The relation depends on
tonic arousal, receptor recruitment, region and task. LC-norepinephrine may contribute to wakefulness, response to novelty,
interruptibility and the decision to remain with or leave a task. A strong test would measure LC-sensitive physiology, time-
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varying network configuration, perturbations and behavior in the same experiment. Much current clinical reasoning infers
across these levels.

121 Alpha-2A signaling in prefrontal microcircuits
Postsynaptic alpha-2A adrenergic receptors provide one of the clearest cellular mechanisms relevant to ADHD treatment.
In primate prefrontal cortex, alpha-2A stimulation can inhibit cyclic-AMP signaling and close hyperpolarization-activated
cyclic-nucleotide-gated (HCN) channels near recurrent network synapses. The result can strengthen persistent firing that
maintains a goal across delay. Wang and colleagues demonstrated this cAMP–HCN mechanism in prefrontal working-
memory networks (Cell, 2007; doi:10.1016/j.cell.2007.03.015; PMID 17448997).
A stylized membrane-current term is

𝐼HCN = ̄𝑔HCN 𝑚(𝑐𝐴𝑀𝑃, 𝑉 )(𝑉 − 𝐸HCN),
where ̄𝑔HCN is maximal conductance, 𝑚 describes channel opening as a function of cyclic AMP and voltage, and 𝐸HCN is the
reversal potential. Alpha-2A signaling reduces cAMP-dependent channel opening; in the relevant dendritic microdomains,
this can reduce shunting and strengthen network connectivity. The equation is schematic and omits compartmental detail.
Guanfacine is relatively selective for alpha-2A receptors. It does not treat ADHD by “adding norepinephrine.” It acts as a
receptor agonist while also lowering aspects of sympathetic output. This distinction explains why guanfacine can strengthen
some forms of regulationwhile causing sedation, bradycardia or hypotension. The same personmay show improved impulse
control and reduced wakeful throughput.
The translation boundary is essential. Strong cellular evidence does not establish that guanfacine repairs a named large-
scale network or normalizes state switching in every child. Direct ADHD network evidence remains sparse. The cellular
model is a biologically grounded mechanism; the whole-brain claim is still to be tested.

122 Alpha-1 and beta signaling under stress
Receptor affinity creates state dependence. At moderate norepinephrine levels, higher-affinity alpha-2A signaling can sup-
port prefrontal representation. Under high stress or arousal, recruitment of lower-affinity alpha-1 and beta receptors can
weaken prefrontal control and favor rapid, habitual or salience-driven responding. Dopamine can show a comparable non-
linear relation through D1-dependent effects.
This literature explains why a medication that helps on one day may feel excessive on another, why sleep loss and acute
stress can change performance, and why anxiety-related concentration problems cannot be diagnosed as ADHD from con-
centration alone. It also gives a mechanistic reason to reject dose escalation as a monotonic strategy.
A local quadratic approximation to performance around an optimum is

𝑃(𝑧) ≈ 𝑃(𝑧∗) − 𝑞
2(𝑧 − 𝑧∗)2, 𝑞 > 0,

where 𝑧 is an effective catecholamine–arousal coordinate and 𝑧∗ is task- and person-dependent. The expression is not
a clinical dose curve. Drug dose maps to brain exposure nonlinearly; brain exposure maps differently to dopamine and
norepinephrine across regions; performance aggregates multiple operations. The equation says only that deviation on
either side of a local optimum can be costly.
Stress may move the operating point before medication is taken. A fixed exposure Δ𝑧 can improve performance if 𝑧 < 𝑧∗

and impair it if 𝑧 > 𝑧∗. Baseline dependence is thus not noise around the treatment effect. It is part of the treatment effect.

123 Catecholamines, signal-to-noise and gain control
“Signal-to-noise” is often invoked as though signal and noise were objectively labeled inputs. In a brain, relevance depends
on task and context. A spontaneous memory is noise during proofreading, signal during autobiographical planning, and
perhaps a warning during danger. Catecholamines can alter the gain, persistence and competition of representations; they
do not carry a universal relevance tag.
For a linearized local circuit,

̇x = 𝐴x + 𝐵u + 𝜂, y = 𝐶x,
where x is neural state, u is task input, and 𝜂 is endogenous and exogenous perturbation. A pharmacological intervention can
change effective coupling 𝐴, input gain 𝐵, noise covariance Σ𝜂, or readout 𝐶. Saying “the drug increases signal-to-noise”
fails to identify which of these changed. It also ignores nonlinear saturation and state-dependent network topology.

76



FLOW HIJACKED · ADHD INTO THE TASK

Supported interpretation: moderate catecholaminergic modulation can improve the fidelity and stability of task-relevant
prefrontal representations and the motivational value of completing actions. Direct evidence: stimulants improve average
reaction-time consistency and core symptoms, and some imaging studies show changes in activation or connectivity. Re-
maining gap: few human ADHD studies simultaneously measure molecular engagement, network dynamics and behavior
with adequate power.
The slogan “norepinephrine increases signal while dopamine reduces noise” is anatomically too clean. Both transmitters
have multiple receptors, interact within prefrontal cortex, and influence distributed systems. The useful concept is dynamic
gain, not a one-transmitter/one-function dictionary.

124 Inverted-U and state-dependent effects
The inverted-U is a family of relationships, not one universal curve. Different cognitive operations have different optima.
The catecholamine state that supports stable maintenance may impair flexible updating; the state that increases response
speed may increase impulsive errors; the state that supports wakefulness may hinder sleep. A person’s optimum changes
with task load, time of day, sleep debt, stress, menstrual cycle, food, concurrent medication and learned skill. The influential
synthesis by Cools and D’Esposito formalized why both depletion and excess can impair prefrontal cognition and why
baseline state matters (2011; doi:10.1016/j.biopsych.2011.03.028; PMID 21531388).
If treatment effect on an outcome 𝑗 is written

Δ𝑌𝑗 = 𝑃𝑗(𝑧0 + Δ𝑧(𝑑, 𝑡)) − 𝑃𝑗(𝑧0),

then 𝑧0 is baseline state, 𝑑 dose, 𝑡 time since dose, and 𝑃𝑗 the operation-specific performance function. Two people with
the same diagnosis and plasma exposure can have opposite Δ𝑌𝑗 because 𝑧0, 𝑧∗

𝑗 or network sensitivity differs. The function
may also be asymmetric: overshooting can be more costly than undershooting, or vice versa.
Dose–response meta-analysis estimates average curves across heterogeneous trials. In the 2026 systematic review and
dose-effect network meta-analysis, pooled efficacy appeared to plateau at particular dose ranges for several classes, but un-
certainty widened at high doses and the result was not an individualized target (Nourredine et al., 2026; doi:10.1016/S2215-
0366(26)00091-X; PMID 42134365). A population plateau neither tells a clinician the optimal dose for one patient nor
proves the cellular inverted-U mechanism.

125 Molecular mechanism does not establish disorder cause
A causal explanation of a disorder must account for why symptoms develop, persist, vary with context and cluster with
other features. A drug mechanism answers a different question: under a defined exposure, what target is engaged and what
downstream changes follow? Treatment can act downstream of multiple causal pathways.
The distinction can be formalized with a causal graph. Let 𝐺 denote developmental liability, 𝐸 environment and experience,
𝑁 network organization, 𝑆 symptoms, 𝐷 drug exposure and 𝑀 molecular target engagement. A plausible graph contains
𝐺, 𝐸 → 𝑁 → 𝑆 and 𝐷 → 𝑀 → 𝑁 → 𝑆. Observing that changing 𝐷 changes 𝑆 through 𝑀 does not identify whether
𝐺 or 𝐸 originally altered 𝑀 . A downstream control point can be therapeutically powerful without being the etiological
origin.
This is especially important for public narratives. If medication helps, that does not prove a congenital shortage. If medica-
tion does not help, that does not disprove ADHD. Response is influenced by dose, formulation, adherence, measurement,
comorbidity, outcome chosen, baseline state and the possibility that a different intervention target is needed.

126 Molecular-to-network translation: measured versus inferred
The bridge from molecule to network should be drawn with graded line styles.
Bridge What is measured What remains inferred Confidence

Oral methylphenidate → striatal DAT
occupancy

Drug exposure and PET transporter
binding

Exact synaptic time course in each
network

High for target engagement; lower for
network translation

Methylphenidate → extracellular
dopamine

PET displacement under defined
conditions

Regional cellular source and individual
clinical mediation

Moderate-to-high for human striatal
effect

Atomoxetine → PFC dopamine Microdialysis in animal PFC Equivalent magnitude and clinical
mediation in human ADHD

Strong preclinical; indirect clinical bridge

Guanfacine → cAMP–HCN closure Cellular/primate prefrontal physiology Large-scale state switching in treated
ADHD

Strong local mechanism; sparse
whole-brain evidence

Medication → DMN/FPN change fMRI activation/connectivity in small
studies

Catecholamine-specific causal path and
durability

Limited-to-moderate, heterogeneous
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Bridge What is measured What remains inferred Confidence

Medication → symptom reduction Randomized clinical ratings Complete recovery or durable real-world
function

Strong short-term; incomplete long-term

The most informative future designs will be multilevel: pharmacokinetic sampling, PET or molecular proxies, high-
reliability dynamic imaging, computational task measures, ecological behavior and longitudinal function. Until then, mech-
anistic stories should show where one study ends and another begins.

EVIDENCE BOUNDARY

Part X synthesis. Dopamine and norepinephrine help set the gain, stability, value sensitivity and interruptibility of cognitive states. ADHD is
not established as a global deficit of either transmitter. The clinical problem is better framed as heterogeneous catecholamine-sensitive regulation
embedded in development, networks and context.

Catecholamines regulate operating conditions
Dopamine and norepinephrine do not carry one psychological meaning. Their effects depend on receptor family, concen-
tration, region, cell type, firing mode, transporter density, baseline state, and task demand. In prefrontal circuits, cate-
cholamines can alter recurrent stability, distractor resistance, gain, and working-memory updating. In striatal and midbrain
systems, they contribute to learning, vigor, prediction error, action selection, and sensitivity to delay. These functions
overlap but are not reducible to a single quantity.
The inverted-U metaphor is helpful only as a local approximation. The optimum for maintaining a rule may differ from
the optimum for flexible updating; the same dose or arousal state can improve one operation while impairing another. A
population mean can therefore hide baseline-dependent and task-dependent responses. Tonic and phasic signaling are also
conceptual distinctions whose measurement in humans is indirect and method-specific.
“Low dopamine” compresses this complexity into a misleading global deficit. ADHD evidence supports catecholaminergic
involvement and the efficacy of drugs that alter dopamine and norepinephrine signaling. It does not establish that every
person has uniformly low brain dopamine, that dopamine explains the full phenotype, or that a beneficial drug response
proves etiology. Molecular engagement changes control conditions; it does not identify a single cause.

Catecholamines alter operating regimes, not a single fuel gauge
Dopamine and norepinephrine affect cognition through receptor-specific, region-specific, and time-dependent mechanisms.
Dopamine synthesis, vesicular storage, release, reuptake, and degradation form one layer; receptor distribution and intra-
cellular signaling form another; circuit state, baseline arousal, and task demand determine what the molecular change does.
A drug can raise extracellular catecholamine availability without producing a uniform increase in signaling across every
synapse or psychological function.
In prefrontal cortex, moderate catecholamine signaling can strengthen task-relevant recurrent activity and reduce the influ-
ence of distractors. Alpha-2A adrenergic actions and D1-family dopamine actions are often used to explain this stabiliza-
tion, but the relationship is not monotonic. Too little modulation can leave representations weak; too much can reduce
flexibility, impair working memory, or favor stress-related response modes. The familiar inverted U is therefore a family
of local response surfaces, not one universal curve for an entire person.
The locus coeruleus adds a temporal dimension. Tonic and phasic norepinephrine have been linked to arousal, gain, uncer-
tainty, orienting, and exploration-exploitation balance. Human measures such as pupil diameter are indirect and multiply
determined, while fMRI cannot resolve every firing mode. It is useful to ask whether a treatment changes gain or state
switching, but those terms must be tied to a measurement rather than inferred from the drug’s known target.
In striatal systems, dopamine contributes to prediction error, learning, action selection, vigor, and the weighting of delayed
outcomes. Ventral and dorsal striatal territories participate in different loops, and D1- and D2-family receptors do not
simply encode “more” and “less” motivation. Mesocortical, mesolimbic, and nigrostriatal pathways overlap anatomically
and functionally; they should not be converted into separate pipes carrying cognition, pleasure, and movement.
Tonic-versus-phasic language is likewise useful but easy to overstate. PET can index aspects of receptor availability, syn-
thesis capacity, transporter binding, or displacement under particular protocols; it does not provide a continuous meter of
synaptic dopamine during ordinary life. Peripheral catecholamine values do not report regional brain signaling. Genetic
variants and transporter measures can influence hypotheses without assigning a fixed neurotransmitter level to an individual.
This is why “ADHD is low dopamine” fails as a causal statement. The evidence supports catecholaminergic involvement,
distributed developmental liability, and clinical benefit from several drugs that alter dopamine and/or norepinephrine sig-
naling. It does not establish a global dopamine deficit shared by every person, a unique molecular lesion, or a diagnostic
test. Response to a stimulant shows that changing the system can improve symptoms; it does not prove that the untreated
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system lacked one chemical quantity.
The network bridge must be empirical. Catecholamine modulation could plausibly alter signal-to-noise ratio, control-state
stability, salience weighting, learning, and perturbation sensitivity. Yet a molecular mechanism does not automatically
identify the network mediator, and an imaging change does not automatically mediate improvement. Studies need exposure
measures, task timing, behavioral outcomes, and preferably within-person dose or treatment contrasts to connect these
levels.
Clinically, the same multilevel view explains heterogeneity without mystification. Baseline state, dose, formulation,
metabolism, sleep, comorbidity, and task can shift the balance between stabilization and rigidity, calm and sedation, or
improved initiation and excessive persistence. The objective is not maximal catecholamine action. It is a tolerable operating
regime that improves meaningful function.

From dose to behavior through a state-dependent response surface

A dose is not a direct coordinate of cognition. It determines a time-varying exposure shaped by formulation, absorption,
metabolism, body state, and adherence. Exposure then interacts with baseline catecholamine tone, receptor distribution,
arousal, and task. The resulting surface may improve one operation while leaving another unchanged or impairing it. A
single “optimal dose” therefore has meaning only relative to defined outcomes and times.
Consider maintenance and updating. Stronger recurrent stability can protect a goal against distraction, yet excessive stability
can make it harder to replace an obsolete rule. The preferred operating point for sustained proofreading may differ from that
for flexible problem solving. If a trial averages both epochs, a real improvement and a real cost can cancel. Dose-response
work should separate the operations before describing a global cognitive benefit.
The same applies across regions. A given plasma exposure does not imply equal catecholamine change in prefrontal cortex
and striatum. Transporter density, local clearance, receptor occupancy, and circuit activity differ. Atomoxetine’s cortical
dopamine effect through norepinephrine-transporter blockade is not the samemechanism as amphetamine-mediated release;
alpha-2A agonism changes signaling without reproducing stimulant pharmacology.
Baseline dependence is more than a statistical nuisance. Sleep deprivation, anxiety, stress, prior medication, and genetic
or metabolic variation can move the starting point on the response surface. A group-average improvement may contain
strong benefit, no change, and adverse response. Within-person titration with repeated functional measures is therefore
more informative clinically than assuming a population mean identifies an individual’s optimum.
Mechanistic studies could estimate exposure rather than nominal dose, sample several task operations, and model nonlin-
ear interaction with baseline state. The result would not be “dopamine rose and attention improved,” but a conditional
map: under this exposure and context, this operation changed with this uncertainty. That is the level at which molecular
pharmacology can meet network dynamics without reductionism.
The safety surface belongs in the same model. Appetite, sleep, cardiovascular measures, anxiety, irritability, mood ac-
tivation, and rare psychiatric events may have different dose and time relations from symptom benefit. Optimization is
constrained: the preferred regime maximizes meaningful function subject to tolerability and risk, not catecholamine action
itself.

Catecholamines tune several operations at once

Regional baseline, receptor engagement, release dynamics, task demand, and arousal jointly determine the effect of a cate-
cholaminergic change. The same exposure can improve resistance to distraction while leaving temporal planning unchanged,
or strengthen maintenance while making flexible updating harder. “More dopamine” therefore predicts too little. A mech-
anistic claim should specify transmitter, receptor or transporter, region, time scale, cognitive operation, and the range over
which benefit is expected.
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127 How to read medication evidence
Medication evidence answers different questions at different levels. A placebo-controlled trial can estimate average short-
term symptom change under trial conditions. It cannot, by itself, establish long-term safety, school performance, occu-
pational stability, relationships or neurodevelopmental normalization. A register study can examine rare or long-duration
outcomes in large populations, but treatment is not randomly assigned; severity, access, adherence, discontinuation and
health behavior can confound the association. A brain-imaging study can identify an acute physiological shift, usually in
tens rather than thousands of participants, but cannot automatically explain the clinical effect.
Five coordinates should accompany every efficacy number:

ℰ = (population, rater, comparator, duration, outcome).
A standardizedmean difference in clinician-rated symptoms after 12weeks in adults is not equivalent to a teacher-rated result
in children, a six-month functional outcome, or an individual probability of response. In Cortese and colleagues’ landmark
network meta-analysis, clinician-rated estimates near 12 weeks favored multiple agents, with age-dependent comparative
patterns (Lancet Psychiatry, 2018; doi:10.1016/S2215-0366(18)30269-4; PMID 30097390). Those estimates remain major
anchors, but they inherit heterogeneity in trial design, sponsorship, rating and dose.
The 2026 dose-effect network meta-analysis by Nourredine, Cortese and colleagues adds current pooled dose–response
information (doi:10.1016/S2215-0366(26)00091-X; PMID 42134365). A pooled plateau is not a prescription. Individual
titration seeks the lowest exposure that produces meaningful benefit with tolerable cost, judged across the day and across
outcome layers.
The outcome hierarchy is:
Layer Example Why symptom response is insufficient

Core symptoms inattention, hyperactivity, impulsivity ratings may improve before function changes
Cognitive operations inhibition, working memory, temporal consistency laboratory gains are task-specific
Self-management initiation, planning, persistence, returning after

interruption
often requires learned strategies and environmental
support

Function school, work, driving, relationships affected by opportunity, habits and comorbidity
Well-being distress, self-esteem, sleep, quality of life can improve, worsen or remain dissociated from

symptom score
Long-term risk injury, substance-related events, cardiovascular health requires long observation and causal caution

This lecture is educational, not a prescribing guide. Medication selection, dosing, monitoring, contraindications and discon-
tinuation require an appropriately licensed clinician using the current jurisdiction-specific product information and guide-
line.

Response, remission and number-needed-to-treat

“Response rate” is not a molecule’s fixed property. Trials define response using different percentage reductions, absolute
rating thresholds, clinician global-improvement scores, informants and time points. If response is defined as at least a
proportion 𝑞 of symptom reduction, participant 𝑖 is classified by

𝑅𝑖(𝑞) = 1(𝑆𝑖0 − 𝑆𝑖1
𝑆𝑖0

≥ 𝑞) ,

where 𝑆𝑖0 and 𝑆𝑖1 are baseline and endpoint scores. A person with severe residual impairment may meet a 30% or 50%
reduction criterion, while a person with lower baseline severity can fail the percentage rule despite becoming minimally
symptomatic. Dichotomization also discards dose–response information and magnifies measurement error near the thresh-
old.
Remission is stricter but equally definition-dependent: it may require a score below a cutoff, loss of diagnostic criteria,
or minimal symptoms plus functioning. Symptomatic remission does not guarantee restored organization, relationships,
sleep or self-esteem. Conversely, meaningful functional improvement can occur without full symptom remission when the
treatment reduces the most disruptive bottleneck.
The number needed to treat is

𝑁𝑁𝑇 = 1
𝑝active − 𝑝control

,

for a particular binary outcome and interval. It changes with placebo response, population severity, rater and response
definition. It should never be detached from those coordinates. The number needed to harm has the same dependence and
becomes unstable for rare events in short trials.
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Sequential clinical trials of medication also differ from a one-shot RCT comparison. If estimated response probabilities to
two classes are 𝑝𝑀 and 𝑝𝐴, and response failures are not perfectly correlated, the probability of responding to at least one
is

1 − (1 − 𝑝𝑀)(1 − 𝑝𝐴),

under the simplifying—and usually false—assumption of independence. The expression nevertheless illustrates why a
second supervised class trial can help some people who do not respond to the first. It does not estimate actual individual
probability because responses share biological and measurement determinants.
Finally, completer response rates can overstate effectiveness. Let 𝐷𝑖 = 1 denote remaining in treatment. Reporting
Pr(𝑅 = 1 ∣ 𝐷 = 1) answers a selected-tolerator question, not Pr(𝑅 = 1) among all starters. Intention-to-treat analy-
ses, discontinuation, adherence and missing-data assumptions must accompany response claims.

128 Methylphenidate: DAT/NET blockade
Methylphenidate is principally a dopamine- and norepinephrine-transporter blocker. It inhibits reuptake; it is not a classic
transporter substrate that drives monoamine release in the manner of amphetamine. Human PET demonstrates substantial
DAT occupancy and increased extracellular dopamine at therapeutic oral doses (Volkow et al., 1998, PMID 9766762;
Volkow et al., 2001, PMID 11160455). A 2026 longitudinal dual-tracer PET study in adults with ADHD also demonstrated
DAT engagement in caudate/putamen and NET engagement in thalamus/pons during extended-release treatment (Oya et
al., doi:10.1111/pcn.13911; PMID 41128391). Only twelve participants completed the longitudinal molecular comparison;
binding changes did not correlate with cognitive improvement. Target engagement was direct; clinical mediation was not.
On average, methylphenidate reduces core symptoms and improves aspects of sustained attention, response inhibition and
reaction-time consistency. In the 2018 network meta-analysis, clinician-rated standardized mean differences versus placebo
were approximately -0.78 in children/adolescents and -0.49 in adults near 12 weeks. The sign reflects lower symptom scores.
These are group effects, not probabilities that a given person will respond. The 2025 Cochrane update continued to find
benefit in children and adolescents while emphasizing limitations in trial certainty and adverse-event evidence (Storebø et
al., doi:10.1002/14651858.CD009885.pub4; PMID 41342306).
Immediate- and extended-release formulations produce different concentration–time curves. A useful exposure model is

𝐶(𝑡) =
𝐾

∑
𝑘=1

𝐹𝑘𝐷𝑘𝑘𝑎,𝑘
𝑉 (𝑘𝑎,𝑘 − 𝑘𝑒) (𝑒−𝑘𝑒(𝑡−𝑡𝑘) − 𝑒−𝑘𝑎,𝑘(𝑡−𝑡𝑘)) 1𝑡≥𝑡𝑘

,

where each release component 𝑘 has bioavailable dose 𝐹𝑘𝐷𝑘, absorption rate 𝑘𝑎,𝑘, elimination rate 𝑘𝑒, volume 𝑉 , and
release time 𝑡𝑘. Real formulations can involve osmotic, bead, multilayer or transdermal delivery and need not follow this
exact model. The equation demonstrates why equal total milligrams can yield different onset, peak, duration and rebound.
Common adverse effects include decreased appetite, weight loss, insomnia or delayed sleep, headache, abdominal symp-
toms, irritability and small average increases in pulse or blood pressure. Rare psychotic or manic symptoms and peripheral
vasculopathy warnings matter despite low absolute incidence. Pediatric monitoring includes growth, appetite and sleep;
adult monitoring includes the same domains plus cardiovascular and psychiatric context.
Long-term evidence is less definitive than acute efficacy. Trial completion over weeks is not real-world persistence over
years. Growth findings, discontinuation, cumulative exposure and functional outcomes remain active evidence problems.
A treatment may be highly effective when taken and still fail in practice because coverage, adverse effects, stigma, access,
forgetting, or the person’s priorities make sustained use difficult.

129 Dexmethylphenidate and formulation differences
Dexmethylphenidate is the pharmacologically active d-threo enantiomer of racemic methylphenidate. It inhibits DAT and
NET through the methylphenidate-class mechanism. Greater potency per milligram is a statement about stereochemistry
and dose conversion, not evidence of superior correctly dosed clinical efficacy.
Immediate- and extended-release dexmethylphenidate products differ in delivery. They are not interchangeable with each
other or with racemic methylphenidate milligram-for-milligram. Product-specific age authorization, conversion and admin-
istration instructions matter. A 2026 phase 3 formulation trial supports acute symptom efficacy (PMID 42484049), but the
class-specific long-term and network literature remains far smaller than for racemic methylphenidate.
The evidentiary error to avoid is inheritance by name: one cannot assign every methylphenidate pharmaco-fMRI result
to dexmethylphenidate. The active enantiomer supports class-level mechanistic plausibility; it does not establish a unique
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DMN, frontoparietal or salience-network signature. Similarly, an enantiopure formulation does not eliminate stimulant
adverse effects or abuse liability.

130 Amphetamine as transporter substrate and monoamine releaser
Amphetamine is not simply “stronger methylphenidate.” It is a transporter substrate with release-promoting pharmacology.
Amphetamine enters catecholaminergic terminals through DAT and NET, alters vesicular monoamine handling through
VMAT2-related processes, increases cytosolic monoamine availability, and promotes reverse transport. TAAR1-linked
transporter phosphorylation and trafficking contribute to mechanistic accounts. Recent molecular work continues to refine
reverse-transport mechanisms (PMID 37468107).
A schematic transporter-flux expression is

𝐽DAT = 𝐽uptake(𝐷𝑒, 𝑉𝑚, 𝑁𝑎+, 𝐶𝑙−) − 𝐽reverse(𝐴𝑖, 𝐷𝑖, Φ),

where extracellular dopamine 𝐷𝑒, membrane potential 𝑉𝑚, ionic gradients, intracellular amphetamine 𝐴𝑖, intracellular
dopamine 𝐷𝑖, and transporter regulatory state Φ influence net flux. Methylphenidate mainly reduces the uptake term;
amphetamine can increase the reverse term. This is themolecular reason the two classes cannot be treated as interchangeable
versions of one operation.
The pooled amphetamine class shows strong short-term efficacy. Cortese et al. estimated clinician-rated standardized mean
differences versus placebo of approximately -1.02 in children/adolescents and -0.79 in adults near 12 weeks, with higher
adverse-event discontinuation than placebo. Larger average symptom effect does not mean superior choice for every person
or outcome. The same class has important sleep, appetite, cardiovascular, psychiatric and misuse risks, and its direct
network evidence is thinner than the clinical symptom evidence.
Route and rate are crucial. Therapeutic oral exposure produces a different concentration–time profile from high-dose,
intranasal or intravenous nonmedical use. Faster delivery increases the rate of brain concentration change and can intensify
reinforcing and cardiovascular effects. Scientific communication must not use the risks of one exposure regime to stigmatize
all prescribed treatment, nor use therapeutic trial data to sanitize nonmedical use.

131 Dextroamphetamine and mixed amphetamine salts
Dextroamphetamine is the dextrorotatory amphetamine enantiomer, with potent dopaminergic and noradrenergic release-
promoting effects. Mixed amphetamine salts combine dextro- and levoamphetamine salts; the levo component contributes
relatively more peripheral and noradrenergic activity. Immediate-release, extended-release and transdermal products differ
in exposure and approved ages. These are clinically consequential differences, not packaging details.
Older head-to-head studies and a small 2026 randomized open-label comparison indicate that response and tolerability
can differ between dexamphetamine and methylphenidate (Poulton et al., doi:10.1111/jpc.70487; PMID 42415397). This
supports individualized class trials under supervision. It does not establish a universal sequence or dextroamphetamine
superiority.
Mixed amphetamine salts have placebo-controlled evidence in adults and youth. Day-course trials show coverage across
structured settings, but “works for twelve hours” and “improves long-term life function” are different propositions. For-
mulation studies often measure repeated classroom or workplace analog tasks; these can be useful yet remain controlled
approximations.
Adverse effects include appetite suppression, insomnia, dry mouth, headache, anxiety or irritability and increases
in pulse and blood pressure. Rare psychosis and mania require attention. A 2026 acute randomized study in
amphetamine/dextroamphetamine-naïve young adults documented marked short-term cardiovascular responses in a small
healthy sample (PMID 41770187). It establishes acute physiology under that exposure, not long-term event incidence in
treated ADHD.

132 Lisdexamfetamine as a delivery-kinetic transformation
Lisdexamfetamine is an inactive prodrug converted in blood to d-amphetamine. The prodrug changes the rate and shape
of active exposure. It does not change d-amphetamine into a different final molecular class. This is a delivery-kinetic
transformation: slower conversion can reduce sharp peaks relative to some immediate-release exposures, while once-daily
dosing can extend coverage.
Randomized trials and meta-analyses support acute efficacy in children, adolescents and adults. A European pediatric
phase 3 trial (PMID 23332456), an adult randomized-withdrawal maintenance study (PMID 22780921) and a pediatric
meta-analysis (PMID 25897203) form part of that base. Withdrawal studies answer whether selected prior responders
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relapse when switched to placebo; because they enrich for people who already tolerated and benefited, they should not be
interpreted as general-population response rates.
The prodrug does not eliminate appetite, sleep, blood-pressure, pulse, psychosis, mania or misuse risk. Manipulating some
routes may produce less rapid active exposure than with immediate-release amphetamine, but abuse, dependence, diversion
and overdose warnings remain. “Smoother” is pharmacokinetic; “safer for every person,” “nonaddictive,” and “network
normalizing” are unproved extensions.

133 Why methylphenidate and amphetamine are not interchangeable
Dimension Methylphenidate family Amphetamine family

Primary transporter action DAT/NET uptake blockade DAT/NET substrate; uptake competition plus
release/reverse transport

Vesicular/cytosolic action not the defining therapeutic mechanism VMAT2-related redistribution and increased cytosolic
monoamine availability

Active chemical methylphenidate stereoisomers dextro-/levoamphetamine; lisdexamfetamine yields
d-amphetamine

Exposure variants IR, multiparticulate, osmotic, transdermal and others IR, XR salts, prodrug, transdermal and others
Pooled acute efficacy strong; pediatric guidelines often favor initial use strong; adult comparative estimates often larger
Tolerability appetite, sleep, hemodynamic and psychiatric risks overlapping risks; higher discontinuation in some

syntheses
Comparative psychosis signal lower in a large matched cohort higher than methylphenidate in that cohort
Network evidence MPH-heavy but heterogeneous less extensive; cannot inherit all MPH findings

In a large matched cohort of adolescents and young adults, new-onset psychosis was uncommon in both groups
but more frequent with amphetamine than methylphenidate (Moran et al., New England Journal of Medicine, 2019;
doi:10.1056/NEJMoa1813751; PMID 30893533). Observational residual confounding remains possible, yet the finding
is clinically and scientifically material. It is one reason “stimulant” is too coarse a pharmacological noun.
Individual response is not predictable from the class-average effect size alone. A person may respond to one class and
not the other because of exposure kinetics, transporter biology, baseline state, comorbidity, adverse effects or unmeasured
factors. A mechanistic distinction justifies careful comparison; it does not enable a deterministic pre-treatment forecast.

134 Atomoxetine and selective NET inhibition
Atomoxetine primarily inhibits NET and is not a controlled substance. In prefrontal cortex, where NET contributes to
dopamine clearance, NET inhibition can increase extracellular norepinephrine and dopamine without strong striatal DAT
blockade. The canonical direct demonstration is preclinical microdialysis: atomoxetine increased both transmitters in rat
prefrontal cortex (Bymaster et al., 2002; doi:10.1016/S0893-133X(02)00346-9; PMID 12431845). That result supports a
regional mechanism; it is not direct measurement of human ADHD cortex.
Clinical benefit usually develops across weeks, with some patients continuing to improve over 6–12 weeks or longer. It
should not be judged using a same-day stimulant expectation. In Cortese et al. 2018, clinician-rated standardized mean
differences versus placebo were approximately -0.56 in children/adolescents and -0.45 in adults near 12 weeks. Average
efficacy was meaningful but lower than the pooled amphetamine estimate. Choice can still favor atomoxetine because
duration, misuse risk, tics, anxiety, prior response, sleep and patient preference alter the benefit–cost problem.
Atomoxetine can cause nausea, appetite or weight change, somnolence or fatigue, insomnia, pulse or blood-pressure in-
creases, and sexual or urinary adverse effects in adults. Labeling includes a boxed warning concerning suicidal ideation in
children and adolescents and warnings about rare severe liver injury and emergent psychotic or manic symptoms. Nonstim-
ulant does not mean physiologically neutral.
Task-imaging studies suggest changes in inhibitory-control and prefrontal systems. In drug-naïve adults, eight weeks of
atomoxetine improved inhibition while right inferior-frontal/ACC activation decreased; pretreatment ACC activity predicted
symptom improvement (Fan, Chou & Gau, 2017; doi:10.1002/hbm.23683; PMID 28657141). Efficient improvement can
therefore accompany less activation, contradicting an “activation up equals normalization” rule.
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135 Guanfacine and extended-release guanfacine
Guanfacine is a relatively selective alpha-2A adrenergic receptor agonist. Extended-release guanfacine is approved for
pediatric ADHD in the United States as monotherapy or adjunctive treatment; adult approvals differ internationally. It does
not increase synaptic catecholamines like a stimulant. It activates a receptor and reduces aspects of sympathetic outflow.
The cellular account—alpha-2A inhibition of cAMP–HCN signaling strengthening prefrontal recurrent activity—is strong
mechanistic evidence (Wang et al., 2007, PMID 17448997). The clinical base supports pediatric symptom benefit
and adjunctive use when stimulant response is partial. A systematic review and meta-analysis found alpha-2 agonist
efficacy in monotherapy and add-on trials (Hirota, Schwartz & Correll, 2014; doi:10.1016/j.jaac.2013.11.009; PMID
24472251), and a controlled trial supports extended-release guanfacine added to psychostimulants (Wilens et al., 2012;
doi:10.1016/j.jaac.2011.10.012; PMID 22176941).
Somnolence, sedation, fatigue, dizziness, hypotension and bradycardia are central tradeoffs. Sedation can reduce daytime
performance even while impulse control improves. The drug must generally be tapered; abrupt cessation can produce
rebound hypertension and tachycardia. Extended-release and immediate-release guanfacine are not milligram-for-milligram
substitutes.
Direct evidence for guanfacine-induced DMN, FPN or salience-state normalization is sparse. Source-localized EEG
studies of guanfacine, dexmethylphenidate and combination therapy show that physiological predictors and changes
can differ across treatment conditions, but do not establish one canonical network route (Michelini et al., 2023;
doi:10.1016/j.jaac.2022.06.017; PMID 35963558).

136 Clonidine and broader alpha-2 effects
Clonidine is a less alpha-2A-selective agonist with broader alpha-2 and imidazoline-related physiology. Extended-release
clonidine is approved for pediatric ADHD in the United States; immediate-release ADHD use is off-label. It can reduce
hyperactivity, impulsivity, hyperarousal and sleep-related dysregulation, but the clinical evidence base is smaller than for
stimulants and atomoxetine.
Sedation, fatigue, dizziness, hypotension, bradycardia, dry mouth and constipation are common concerns. Like guanfacine,
clonidine requires gradual discontinuation because abrupt cessation can precipitate rebound hypertension, tachycardia, agi-
tation or headache. Stimulant and alpha-2-agonist cardiovascular effects should not be assumed to cancel when combined;
monitoring remains necessary.
Clonidine creates a conceptual lesson: a treatment can improve behavior partly by changing arousal while simultaneously
degrading sustained alertness. A lower activity level is not automatically better executive control. Direct clonidine-specific
large-scale network evidence in ADHD is insufficient; a claim of restored switching would exceed the data.

137 Viloxazine extended release
Viloxazine extended release is a noncontrolled ADHDmedication approved in the United States from age six through adult-
hood. It inhibits NET and has serotonergic receptor actions; experimental work reports activity at 5-HT2C, 5-HT2B and
5-HT7 receptors, and macaque PET supports in-vivo 5-HT2C occupancy. Receptor breadth is pharmacological evidence,
not proof of superior human network regulation.
Phase 3 placebo-controlled trials support pediatric and adult symptom efficacy (Nasser et al., 2020,
doi:10.1016/j.clinthera.2020.05.021, PMID 32723670; Nasser et al., 2022, doi:10.1007/s40263-022-00938-w, PMID
35896943). Long-term extensions show continued improvement among retained participants, but open-label retention
enriches for tolerators and responders.
Adverse effects include somnolence or fatigue, reduced appetite, nausea or vomiting, headache, insomnia, irritability and
increased blood pressure or heart rate. Labeling includes a boxed warning for suicidal thoughts and behaviors and warnings
about manic or hypomanic activation. Clinically important CYP1A2 inhibition creates drug-interaction constraints.
Direct ADHD evidence for viloxazine-induced DMN suppression, frontoparietal recruitment, salience switching or
dynamic-state normalization is insufficient. Novelty should increase curiosity, not certainty.
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138 Bupropion as off-label treatment
Bupropion is approved for depressive disorders and smoking cessation under product-specific labels, not for ADHD. It
inhibits norepinephrine and dopamine reuptake through the parent drug and active metabolites and antagonizes nicotinic
acetylcholine receptors. Human PET suggests modest striatal DAT occupancy at clinical exposure; shared “dopamine and
norepinephrine” language does not make it a stimulant equivalent.
A Cochrane review found a possible adult ADHD benefit but emphasized the small, low-certainty evidence base (Verbeeck
et al., 2017; doi:10.1002/14651858.CD009504.pub2; PMID 28965364). Cortese et al. estimated an adult clinician-rated
standardizedmean difference of about -0.46 versus placebo, with wide uncertainty and few trials. Bupropionmay be consid-
ered in particular clinical contexts, including co-occurring depression or smoking, but that is a clinician-level individualized
decision rather than a general first-line mechanistic conclusion.
Adverse effects include insomnia, anxiety or activation, dry mouth, nausea, headache, appetite/weight reduction and blood-
pressure increase. Seizure risk is dose- and formulation-related; mania/hypomania and antidepressant suicidality warnings
matter. ADHD-specific long-term and network evidence is sparse. Antidepressant neuroimaging cannot simply be relabeled
as an ADHD network mechanism.

139 Modafinil: evidence and regulatory boundary
Modafinil is a wake-promoting drug approved in the United States for narcolepsy, sleepiness associated with obstructive
sleep apnea, and shift-work disorder—not ADHD. It is Schedule IV. Its pharmacology includes DAT blockade and dis-
tributed arousal-system effects involving orexin, histamine, glutamate and GABA. Human PET demonstrates dopamine
and DAT engagement (Volkow et al., JAMA, 2009; doi:10.1001/jama.2009.351; PMID 19293415); it should not be de-
scribed as dopamine-neutral.
Small ADHD trials report improvements in vigilance or response inhibition, but clinical findings are mixed. A 2017 meta-
analysis reported benefit in selected trials (Wang et al.; doi:10.1016/j.jpsychires.2016.09.034; PMID 27810669), whereas
the 2018 network meta-analysis found no adult clinician-rated superiority over placebo: SMD 0.16, 95% CI -0.28 to 0.59.
Pediatric use is constrained by regulatory history and rare serious rash or hypersensitivity concerns.
The conceptual boundary is valuable: increased wakefulness, DAT engagement and improvement on an attention task are
not interchangeable with effective treatment of ADHD as a disorder. Modafinil can cause headache, nausea, insomnia,
anxiety or agitation, hemodynamic change and rare psychiatric reactions. ADHD-specific long-term and network evidence
is insufficient.

140 Age-stratified comparative efficacy
Age changes both evidence and clinical choice. The 2018 network meta-analysis supported methylphenidate as a favored
initial pharmacological choice in children and adolescents when efficacy and tolerability were considered together, while
amphetamines had the strongest adult efficacy signal. This is a population-level comparative inference, not a rule that
bypasses patient history, licensing, comorbidity or preference.
Development also changes pharmacodynamics. In an acute arterial-spin-labeling study, methylphenidate reduced cortical
perfusion in both boys and adult men but more strongly in adults, while thalamic perfusion fell only in children (Schrantee
et al., 2017; doi:10.1016/j.nicl.2016.11.021; PMID 27942455). The same nominal intervention therefore did not produce
an age-invariant brain response.
Pediatric outcomes place special weight on growth, school-day coverage, sleep, family observation and developmental
exposure. Adult outcomes require attention to work, driving, relationships, cardiovascular health, substance use, pregnancy-
related context and adherence without parental scaffolding. A symptom scale cannot make these outcome spaces equivalent.

141 Dose–response curves and plateaus
Average benefit typically increases from ineffective low exposure, then plateaus; adverse effects can continue increasing.
Let expected utility at dose 𝑑 be

𝑈(𝑑) = 𝑤𝐵𝐵(𝑑) −
𝑚

∑
𝑗=1

𝑤𝑗𝐻𝑗(𝑑),

where 𝐵(𝑑) is benefit, 𝐻𝑗(𝑑) are harms or burdens, and weights reflect clinical importance and patient preference. Optimal
dose is not argmax𝐵(𝑑); it is the dose that produces the best acceptable multivariate tradeoff under uncertainty. The
weights are not fixed across people or developmental periods.
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The 2026 dose-effect synthesis suggested pooled pediatric efficacy plateaus around 45 mg/day for methylphenidate and
roughly 25 mg/day in amphetamine equivalents, and an adult amphetamine plateau around 50 mg/day, with substantial
high-dose uncertainty. These values must never be printed as targets for an individual. Formulations, salt equivalence,
body size, metabolism and trial distributions complicate comparison.
The inverted-U adds another complication: some cognitive operations can worsen before symptom ratings reveal a clear
problem. Emotional flattening, excessive narrowing, reduced spontaneity or sleep erosion may signal that the overall utility
has declined even if a morning task improves.

142 Onset, coverage, titration and discontinuation
Stimulant effects can appear on the first treated day; atomoxetine, alpha-2 agonists, viloxazine and bupropion usually require
evaluation over days to weeks. Formulation governs coverage. A long-acting preparation may reduce school-day gaps but
extend appetite or sleep effects. A short-acting preparation may permit timing flexibility but produce more pronounced
peaks, troughs or adherence burden.
Titration is an experiment with repeated measurement. Useful monitoring separates morning initiation, sustained work, im-
pulsivity, emotional regulation, appetite, evening rebound and sleep. It also records the context: a drug cannot compensate
reliably for chronic sleep deprivation, impossible workload or a hostile environment.
Discontinuation differs by class. Alpha-2 agonists require tapering because of rebound hypertension and tachycardia. Stim-
ulant cessation may produce fatigue, dysphoria, altered sleep and appetite or return of symptoms, especially after pro-
longed/high exposure, but does not share the same rebound-hemodynamic mechanism. Atomoxetine and viloxazine do
not have classic stimulant withdrawal, yet stopping can lead to symptom return. Randomized-withdrawal designs estimate
relapse among prior responders and tolerators, not the experience of all starters.
Real-world adherence is not a nuisance variable. A 2026 Norwegian register study found discontinuation and low ad-
herence common and increasing through adolescence (Garcia-Argibay et al., doi:10.1136/bmjment-2026-302649; PMID
42331561). Amedication that works pharmacologically but is not taken, cannot be afforded or creates unacceptable identity
costs has low real-world effectiveness.

143 Appetite, growth, sleep, anxiety and mood
Stimulants commonly suppress appetite and can shift meal timing and weight trajectory. Growth findings are heterogeneous;
average effects do not predict a particular child. The proper scientific stance is neither “stimulants stunt growth” as an
inevitability nor “growth concerns are a myth.” It is repeated measurement, interpretation of trajectory, nutritional context
and individualized benefit–risk review.
Sleep can improve if evening chaos and delayed task completion decrease, or worsen if medication delays sleep onset
or extends arousal. Baseline sleep disorders, circadian delay and inconsistent schedules can mimic or amplify ADHD
symptoms. Treating daytime ratings without measuring sleep risks a self-reinforcing cycle.
Anxiety and irritability can move in either direction. Better control can reduce secondary anxiety; catecholaminergic
activation can worsen somatic arousal, rumination or agitation. Mood elevation, decreased need for sleep, grandiosity
or marked activation require a different clinical interpretation than ordinary symptom improvement. Bipolar-spectrum
vulnerability and medication context matter.
Alpha-2 agonists can aid sleep initiation yet cause disabling daytime somnolence. Atomoxetine and viloxazine can cause
either somnolence or insomnia. Bupropion and modafinil are often activating. “Stimulant versus nonstimulant” therefore
does not map cleanly onto “wakeful versus sedating.”

144 Cardiovascular effects and monitoring
Stimulants and atomoxetine commonly produce small mean increases in pulse and blood pressure; viloxazine can also
increase them. Guanfacine and clonidine tend to lower pulse and pressure, with risks of hypotension, bradycardia and
syncope. Mean changes conceal tails, comorbidity, interactions and individual sensitivity.
The 2025 comparative cardiovascular network meta-analysis across children, adolescents and adults provides the current
short-to-medium-term synthesis (Farhat et al., Lancet Psychiatry; doi:10.1016/S2215-0366(25)00062-8; PMID 40203844).
Longer-term inference remains less secure. A large 2024 Swedish nested case-control study associated longer cumulative
ADHD-medication exposure with increased cardiovascular disease risk, especially hypertension and arterial disease (Zhang
et al., JAMA Psychiatry; doi:10.1001/jamapsychiatry.2023.4294; PMID 37991787). Observational confounding and expo-
sure classification constrain causal interpretation, but the duration signal cannot be dismissed by citing only short trials.
The contradiction should remain visible: serious acute events appear uncommon at the population level, yet modest physio-
logical changes and possible cumulative associations justify monitoring. Clinical assessment considers history, symptoms,
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pulse, blood pressure, concurrent drugs and indicated further evaluation. This lecture cannot supply an individual screening
protocol.

145 Tics and common safety myths
The belief that stimulants invariably cause or worsen tics is not supported by randomized-trial meta-analysis. Tics naturally
wax and wane, and ADHD symptoms can change the visibility or burden of tics. Some individuals may still experience
clinically relevant change. The correct statement is probabilistic, not absolute.
Another myth is that nonstimulants are risk-free. Atomoxetine has cardiovascular, hepatic, suicidality and psychiatric
warnings; alpha-2 agonists can cause hypotension, bradycardia, sedation and rebound hypertension; viloxazine carries
suicidality and activation warnings; bupropion has seizure and mood-switch risks; modafinil has rare serious rash and
psychiatric concerns.
The opposite myth—that any long-term stimulant exposure is inevitably neurotoxic or addictive—is also unsupported at
therapeutic exposure. Risk depends on molecule, dose, route, supervision, comorbidity and outcome. Uncertainty is not
evidence of catastrophe, and absence of catastrophe in averages is not proof of zero risk.

146 Psychosis and mania risk
New-onset psychosis during prescribed stimulants is uncommon, but it is not imaginary. The 2019 matched cohort found
a higher incidence with amphetamine than methylphenidate among adolescents and young adults (Moran et al., PMID
30893533). Because exposure was not randomized, the estimate may retain confounding; its large scale and active compar-
ison nevertheless make it important.
All major catecholaminergic treatments require attention to emergent psychotic or manic symptoms. Atomoxetine and
viloxazine labels include psychiatric activation warnings; bupropion and modafinil can destabilize vulnerable patients. Fa-
milial bipolar risk may also moderate network response: a 2026 mixed-design study found that twelve weeks of mixed
amphetamine salts produced different topology changes in youth with and without familial bipolar-I risk, including an
adverse-direction amygdala-efficiency change in the high-risk group (Qin et al., doi:10.1016/j.jaac.2025.07.421; PMID
40712681).
Clinical phenomenology matters. Transient insomnia or appetite loss is not mania; reduced need for sleep with escalating
energy, grandiosity or risky behavior is different. Suspiciousness, hallucinations or disorganization require prompt clinical
assessment. Education should reduce both panic and minimization.

147 Therapeutic use, diversion and nonmedical use
Prescribed oral stimulant treatment and nonmedical stimulant use are different exposure regimes. They can involve the
same molecule, but route, rate, dose, context, monitoring and intent alter pharmacokinetics and risk. Schedule II status
reflects real abuse, dependence, diversion and overdose potential. It does not imply that every appropriately treated patient
becomes addicted.
Reinforcing impact is related partly to the speed and magnitude of brain concentration change. Manipulating extended-
release products or using non-oral routes can collapse a controlled delivery profile into a rapid exposure. Sharingmedication
also bypasses cardiovascular and psychiatric screening and makes dose unpredictable.
Longitudinal and within-person studies generally do not support the claim that prescribed ADHD treatment causes later
substance-use disorder. Some observational studies associate treatment periods with lower substance-related events, in-
jury or criminality, but confounding by adherence and functioning remains. The defensible public-health message is dual:
treatment should not be stigmatized as equivalent to illicit use, and controlled status should not be trivialized.

148 Long-term outcomes and methodological limits
Most randomized medication trials last weeks or months, whereas ADHD and treatment decisions can span years. Long-
term randomized withholding is difficult and may be unethical for responders. The resulting evidence gap is filled by
open-label extensions, treatment-withdrawal designs, naturalistic cohorts and registries. Each answers a different question
and carries a different bias.
Major threats include:

• confounding by indication: more severe patients are more likely to receive medication;
• healthy-adherer bias: people who sustain treatment may differ in organization, support and health behavior;
• depletion of susceptibles: those with early adverse effects discontinue and disappear from long-term exposed groups;
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• time-varying exposure: dose, class and adherence change;
• immortal-time and selection bias: cohort definitions can create artificial protection;
• outcome substitution: symptom rating is treated as function or development;
• informative discontinuation: stopping reflects both lack of efficacy and adverse effects.

Long-term claims should therefore use calibrated language. There is strong evidence for average short-term symptom
reduction with licensed agents. There is meaningful but less definitive evidence for some functional and risk outcomes.
There is insufficient evidence that medication alone produces complete recovery or uniform durable brain normalization.
The Multimodal Treatment Study of ADHD illustrates why time changes inference. At 14 months, carefully managed
medication and combined treatment produced strong symptom advantages relative to community care and intensive behav-
ioral treatment on several primary outcomes (MTA Cooperative Group, 1999; doi:10.1001/archpsyc.56.12.1073; PMID
10591283). Group differences diminished across uncontrolled follow-up as treatment exposure converged and selection ac-
cumulated (24-month PMID 15060224; eight-year PMID 19318991). Sixteen-year follow-up documented substantial adult
functional impairment across the childhood-ADHD cohort and did not justify a simple lasting randomized-treatment rank-
ing (Hechtman et al., 2016; doi:10.1016/j.jaac.2016.07.774; PMID 27806862). Growth analyses preserved an association
between sustained stimulant exposure patterns and height trajectory (Greenhill et al., 2020; doi:10.1016/j.jaac.2019.06.019;
PMID 31421233). TheMTA therefore supports acute efficacy, the value of treatment quality, and the inadequacy of treating
a 14-month contrast as a 16-year causal effect.
Large observational programs add outcomes that short trials cannot measure. Within-person and register analyses have
associated medication periods with lower criminality (Lichtenstein et al., 2012; doi:10.1056/NEJMoa1203241; PMID
23171097), fewer substance-related problems (Quinn et al., 2017; doi:10.1176/appi.ajp.2017.16060686; PMID 28659039),
and fewer unintentional injuries in youth (Ghirardi et al., 2020; doi:10.1016/j.jaac.2019.06.010; PMID 31302218). A 2024
registry study associated pharmacotherapy initiation with lower mortality (Li et al.; doi:10.1001/jama.2024.0851; PMID
38470385), and a 2025 target-trial emulation examined suicidal behavior, substance misuse, injuries, transport accidents
and criminality across treatment strategies (Zhang et al.; doi:10.1136/bmj-2024-083658; PMID 40803836). These designs
use powerful comparison strategies, but residual time-varying confounding, adherence and treatment changes prevent them
from becoming randomized lifetime proofs.
Functional-outcome meta-analysis suggests medication benefits extend beyond symptom ratings on average (Boland et
al., 2020; doi:10.1016/j.jpsychires.2020.01.006; PMID 32014701). The evidence is uneven across academic achievement,
employment, relationships, driving, quality of life and self-concept. “Medication improves function” is therefore more
defensible than “medication restores every functional layer,” and each domain requires its own measurement.
The estimand must also match the question. An intention-to-treat contrast estimates the effect of assignment under the ad-
herence, switching and discontinuation that actually occurred in the trial. A per-protocol contrast targets sustained exposure
but requires stronger adjustment for time-varying reasons that people remain treated. A within-person register comparison
controls stable individual differences yet remains vulnerable when worsening symptoms both trigger treatment and predict
the outcome. A target-trial emulation can make eligibility, treatment strategies, follow-up and censoring explicit, but it
cannot repair unmeasured confounding by specification alone.
These distinctions matter because the public question is rarely “what was the mean symptom contrast at week eight?” Fam-
ilies and adults ask whether treatment changes learning, accidents, driving, relationships, substance risk, employment or
health over years. No single design supplies every answer. Short randomized trials offer strong control of assignment for
common near-term outcomes; registries supply scale and rare events; longitudinal cohorts reveal development; withdrawal
studies test maintenance among selected responders. Convergence across designs strengthens a conclusion, whereas dis-
agreement should narrow it. A responsible long-term claim therefore names the outcome, exposure strategy, comparison,
follow-up and remaining bias instead of borrowing the certainty of acute efficacy.
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Treatment Molecular action Local/regional implication Direct network evidence Clinical evidence
Key burdens and
boundaries

149 Molecular → cellular → network → clinical comparative matrix

Treatment Molecular action Local/regional implication Direct network evidence Clinical evidence
Key burdens and
boundaries

Methylphenidate DAT/NET blockade striatal DA and PFC
catecholamine availability

largest imaging corpus;
heterogeneous acute/task
effects

strong short-term youth
and adult symptom benefit

appetite, sleep,
hemodynamic effects; rare
psychosis/mania;
controlled; long-term
uncertainty

Dexmethylphenidate active d-threo MPH
enantiomer; DAT/NET
blockade

MPH-class effects at
different milligram
potency

insufficient unique
signature

moderate acute pediatric
evidence

do not infer superiority or
unique safety

Amphetamine salts /
dextroamphetamine

transporter substrate;
monoamine
release/reverse transport

potent striatal, PFC and
arousal effects

thinner than MPH; reward
and topology findings are
conditional

strong acute symptom
benefit

appetite/sleep,
hemodynamic and
psychiatric risk; high
misuse potential

Lisdexamfetamine prodrug → d-amphetamine smoother
conversion-shaped
exposure

preliminary
reward-learning evidence;
no unique normalization
signature

strong acute,
selected-responder
maintenance evidence

prodrug does not eliminate
amphetamine risks

Atomoxetine NET inhibition increases NE and PFC DA;
little classic striatal DAT
blockade

small task/rest studies;
drug-specific effects

strong-to-moderate across
ages; slower onset

GI, appetite,
somnolence/insomnia,
hemodynamic, suicidality
and rare
hepatic/psychiatric risks

Guanfacine ER alpha-2A agonism cAMP–HCN mechanism
can strengthen PFC
recurrent firing; lowers
sympathetic tone

sparse fMRI; some EEG
combination evidence

moderate pediatric and
adjunctive evidence

sedation, hypotension,
bradycardia; taper for
rebound

Clonidine ER broader alpha-2 agonism lowers sympathetic output;
sedating

insufficient moderate-to-limited
pediatric evidence

sedation,
hypotension/bradycardia;
taper essential

Viloxazine ER NET inhibition plus
serotonergic actions

cortical NE with
serotonergic modulation

insufficient ADHD
network evidence

moderate phase 3 evidence somnolence/insomnia,
BP/HR, suicidality, mania,
CYP1A2 interactions

Bupropion NDRI plus nicotinic
antagonism

distributed
catecholamine/nicotinic
effects; modest DAT
occupancy

insufficient
ADHD-specific network
evidence

moderate-to-limited adult
off-label evidence

insomnia/activation, BP,
seizure and mania risk

Modafinil atypical DAT blockade
plus arousal systems

wakefulness across
hypothalamic/brainstem/-
cortical systems

sparse ADHD-specific
evidence

conflicting; adult pooled
null in 2018 synthesis

not ADHD-approved;
insomnia, psychiatric and
rare serious-rash risks

From average efficacy to an individual longitudinal experiment

At the individual level, medication evaluation is a repeated-measures problem. Let y𝑡 be a vector containing symptoms,
initiation latency, sustained-task performance, emotional regulation, sleep, appetite, pulse or blood pressure, and functional
outcomes at time 𝑡. A useful evaluation asks whether a planned exposure changes the vector relative to a credible baseline
while keeping cost within acceptable bounds:

Δy𝑡 = y𝑡(𝑑, 𝑓, 𝑐) − y𝑡(0, 𝑐),

where 𝑑 is dose, 𝑓 formulation and 𝑐 context. In ordinary clinical care, the untreated counterfactual y𝑡(0, 𝑐) is unobserved
and context changes from day to day. Ratings from more than one setting, repeated vital signs, sleep records and explicit
functional goals reduce—but do not remove—this uncertainty.
Three common errors follow from inadequate measurement. First, a morning benefit can conceal evening rebound or
sleep cost. Second, improved compliance can be mistaken for improved self-directed functioning. Third, a euphoric or
highly activated first exposure can be mistaken for the stable therapeutic optimum. The relevant endpoint is reproducible,
sustainable functioning, not the intensity of an immediate subjective effect.
Medication holidays, switching, combination therapy and discontinuation are clinical decisions with different evidence and
risks across agents; none can be derived from a generic lecture matrix. What the matrix supplies is a structure for questions:
Which outcome is changing? Who observes it? At what time after exposure? What cost appears later? Does the effect
persist across contexts? Is another intervention needed for skills, environment, sleep or comorbidity? This makes the person
an active source of longitudinal evidence without pretending that self-observation replaces medical oversight.

90



FLOW HIJACKED · ADHD INTO THE TASK

EVIDENCE BOUNDARY

Part XI synthesis. Pharmacological treatment is not one intervention. Molecules differ in transporter action, receptor action, delivery kinetics,
timescale, evidence base and risk. Acute symptom efficacy is strongest; durable function and network reorganization are less certain. The treatment
question is not “stimulant or no stimulant?” but “which perturbation, for which person, outcome, context and timescale, at what cost?”

From molecular action to lived outcome
A drug description should follow several links without assuming that one guarantees the next: molecular target, regional
transmitter change, cellular and circuit effect, network configuration, cognitive operation, behavior, symptom rating, and
daily function. Evidence is strongest at different links for different medications. Target engagement may be well estab-
lished while the network mediator remains unknown; symptom efficacy may be robust while long-term functional evidence
remains incomplete.
Formulation and pharmacokinetics matter because treatment is experienced in time. Immediate- and extended-release
preparations differ in onset, coverage, peak-to-trough variation, rebound, adherence demands, and opportunities for diver-
sion. Methylphenidate and amphetamine formulations reach catecholamine systems through different transporter mecha-
nisms. Atomoxetine, alpha-2 agonists, viloxazine, bupropion, and modafinil should not be described as weaker versions of
the same intervention.
Clinical comparison must preserve age, outcome, dose optimization, tolerability, and follow-up. A large short-term symp-
tom effect does not answer whether sleep, appetite, growth, cardiovascular measures, mood, tics, substance risk, relation-
ships, school, work, driving, or quality of life improve for a particular person. Good prescribing is therefore an iterative
measurement process, not the selection of a molecule from a ranking table.

Drug classes must remain pharmacologically and clinically distinct
Methylphenidate primarily blocks dopamine and norepinephrine transporters, whereas amphetamine formulations are trans-
porter substrates with additional release-related and vesicular actions. Their pharmacokinetics, formulation profiles, and
adverse-effect patterns overlap but are not identical. Dexmethylphenidate is the active d-enantiomer of methylphenidate;
dextroamphetamine, mixed amphetamine salts, and lisdexamfetamine differ in composition and delivery. Treating all stim-
ulants as one interchangeable mechanism erases clinically relevant variation.
Atomoxetine inhibits the norepinephrine transporter and can indirectly increase cortical dopamine where dopamine clear-
ance relies substantially on that transporter. Guanfacine and clonidine act through alpha-2 adrenergic receptors with differ-
ent selectivity and sedative profiles. Viloxazine extended release has noradrenergic and broader pharmacological actions
whose clinical evidence is newer. Bupropion and modafinil occupy off-label or jurisdiction-dependent positions and carry
their own contraindications; evidence for one cannot be borrowed by another.
Efficacy should be stated by age, comparator, duration, and outcome. Short-term symptom reduction is best established
for stimulants, with important individual variation and nonresponse. Nonstimulants can be valuable when stimulants are
ineffective, poorly tolerated, contraindicated, or clinically unsuitable. Response rate is not cure rate, and a lower symptom
score does not guarantee improved grades, employment, relationships, driving, sleep, or quality of life.
Safety monitoring is part of mechanism-informed care. Appetite, growth in children, sleep, blood pressure, pulse, mood,
anxiety, tics, and rare psychiatric reactions require attention according to the drug and person. Alpha-2 agonists require
caution around hypotension, sedation, and abrupt discontinuation. Misuse and diversion concern formulation, access, and
context; they should not be conflated with medically supervised treatment. Population findings about psychosis or cardio-
vascular events inform risk management but do not predict an individual outcome with certainty.
Long-term evidence is harder than acute efficacy. Treatment continuation is not randomized indefinitely, and people who
remain on medication differ from those who stop. Registry studies can address rare outcomes and real-world associations
but retain confounding; randomized trials often have shorter horizons and selective samples. The honest conclusion is
layered: short-term efficacy is robust for several agents, some functional and safety outcomes are supported, and many
long-term causal questions remain less certain than ordinary clinical language implies.
Medication choice is therefore a monitored experiment within guideline-informed care. The clinically relevant endpoint is
the best balance of symptoms, function, tolerability, adherence, and risk—not loyalty to a drug class or a neurochemical
story. The lecture should explain mechanisms precisely while preserving the fact that treatment decisions are individualized
medical judgments.
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Comparative treatment evidence is a map, not a winner’s podium

Network meta-analyses can compare average symptom effects across multiple drugs, but the ranking depends on age, trial
duration, outcome, tolerability, and the geometry of the evidence network. Direct comparisons are often fewer than placebo-
controlled trials. A higher mean effect does not establish superiority for every person, a better long-term functional outcome,
or an interchangeable risk profile.
Formulation changes the lived pharmacology. Onset, peak, duration, rebound, ability to swallow, food effects, and the
possibility of diversion influence whether a molecular mechanism becomes a usable treatment. A prodrug may alter abuse
liability and temporal delivery without becoming risk free. An extended-release preparation can reduce repeated dosing
while making evening appetite or sleep effects more relevant. The same active class can therefore create different daily
trajectories.
Nonstimulants occupy more than a fallback category. Slower onset changes how response should be evaluated; sedating
or calming effects may help one clinical profile and burden another. Comorbid anxiety, tic disorder, substance-use risk,
cardiovascular status, sleep difficulty, and prior adverse reactions shape the decision. The evidence supports options, not
an algorithm detached from clinical judgment.
Functional monitoring should be defined before treatment. A weekly symptom score can be paired with task initiation,
missed obligations, driving events, school completion, family conflict, appetite, sleep timing, and the person’s own priority
outcome. Improvement in a narrow test without improvement in the target life domain may still teach something about
mechanism, but it should not be called full success.
Discontinuation is also data. Stopping may reflect lack of efficacy, adverse effects, access, stigma, forgetfulness, or a
mismatch between duration and daily need. Trials that report only completers can overstate tolerability and benefit. Lon-
gitudinal care requires periodic re-evaluation rather than assuming the first effective prescription remains optimal through
every developmental and environmental transition.
The correct comparison is thusmultidimensional: molecular action, exposure profile, short-term efficacy, functional benefit,
adverse effects, misuse risk, monitoring burden, patient preference, and certainty of long-term evidence. No single row can
decide the treatment, but omitting rows creates a false simplicity.

From trial efficacy to an individual treatment decision

Population evidence begins the decision but does not finish it. A large standardized symptom effect describes an average
contrast over a trial window. It does not identify the formulation, duration, adverse-effect tradeoff, or functional target that
will matter for a particular person. A decision should specify what improvement would count, when it should appear, and
which costs would make it unacceptable.
Repeated observation then becomes a small within-person experiment. Ratings from more than one setting, time-stamped
functional outcomes, sleep and appetite, cardiovascular measures where indicated, and exposure timing can distinguish
insufficient coverage from nonresponse or intolerance. A rebound period is different from persistent evening impairment;
missed doses are different from an ineffective molecular target. These distinctions protect against escalating a dose to solve
the wrong problem.
Class differences remain real. Methylphenidate blocks catecholamine transporters; amphetamine also promotes release
through presynaptic mechanisms. Atomoxetine, alpha-2 agonists, viloxazine, bupropion, and modafinil occupy differ-
ent mechanistic and regulatory positions. Evidence cannot be transferred simply because all can influence alertness or
catecholamines. Comparative choice integrates efficacy, onset, duration, comorbidity, misuse risk, monitoring burden,
preference, and prior response.
The outcome hierarchy should remain visible at review. Fewer symptoms can coexist with continued missed deadlines,
relationship strain, unsafe driving, or low quality of life. Conversely, scaffolding and skill can improve function even
when symptom ratings remain elevated. Continuing treatment is justified by meaningful net benefit, not by allegiance to a
pharmacological story.
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MEDICATION AS NETWORK MODULATION

Test whether the molecular story reaches time-varying coordination, and audit every claim of normalization.
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150 The question changes at the network level
The fact that a medication reduces symptoms does not tell us whether it strengthens a frontoparietal state, alters salience
arbitration, changes rewardweighting, reduces neural noise, modifies arousal, increases default-mode suppression or recruits
a compensatory path. Several of these can occur at once, and the dominant mechanism may differ across people and tasks.
The network-level target is not a single region’s mean activation. It is the time-varying configuration through which a person
enters, sustains, updates and leaves a task. Let 𝑍𝑡 ∈ {1, … , 𝐾} denote a latent network state and let 𝑃𝑖𝑗 = Pr(𝑍𝑡+1 =
𝑗 ∣ 𝑍𝑡 = 𝑖) be a transition matrix. Medication could change state occupancy 𝜋𝑖, dwell-time distribution 𝐹𝑖(𝜏), transition
probability 𝑃𝑖𝑗, within-state connectivity, or the relation between state and behavior. An activation contrast averaged across
the scan cannot distinguish these possibilities.
This part therefore asks a stricter question: what network quantity changed, during what task or rest condition, after
what exposure, in which age group, and was that change linked to clinical or behavioral benefit?

151 Acute target engagement versus chronic adaptation
Acute and chronic effects belong to different timescales. An acute dose changes transporter occupancy, receptor stimulation,
arousal and performance over minutes to hours. Repeated exposure can produce learning, receptor or transporter adaptation,
changes in sleep and appetite, altered strategies, environmental feedback and selection through discontinuation.
A fast–slow pharmacodynamic system can be written

̇x = 𝑓(x, z, 𝑢, 𝑐) + 𝐺(x) 𝐶(𝑡),
̇z = 𝜀ℎ(x, z, 𝐶(𝑡)), 0 < 𝜀 ≪ 1,

where x contains fast neural states, z slower adaptive parameters, 𝑢 task input, 𝑐 context, and 𝐶(𝑡) drug exposure. A single-
dose experiment estimates part of 𝐺, conditional on the current z. It does not identify the long-term solution of the coupled
system.
The distinction is empirically necessary. Acute methylphenidate produces DAT blockade and can modify connectivity
within hours. After 12 months, DAT availability increased in one small study (Wang et al., 2013, PMID 23696790), a
change that could oppose the acute direction. Naturalistic two-year connectivity findings in the ABCD sample did not
demonstrate broad symptom-linked normalization and were sensitive to corrected dataset labeling (Kaminski et al., 2024;
doi:10.1038/s41398-024-03165-7; PMID 39505862). One cannot infer durable reorganization from a scanner session.

152 Pharmaco-fMRI design and inference limits
Pharmaco-fMRI is powerful because a controlled perturbation can strengthen causal inference relative to cross-sectional
case–control imaging. It is fragile because medication changes vascular tone, heart rate, arousal, motion and task
performance—each of which can change BOLD signals without representing the proposed neural mechanism.
Key design distinctions include:
Design Strongest inference Main unresolved problem

Randomized placebo crossover, acute within-person drug-state effect carryover, unblinding, vascular/arousal confounding, no
durability

Parallel randomized treatment, weeks treatment-course causal effect sample size, attrition, practice and limited follow-up
Open pre–post treatment temporal association in clinical responders placebo, maturation, regression to mean, practice
On/off usual medication current medication-state association withdrawal/order effects and treatment selection
Treatment-history comparison association with prior exposure confounding by indication and developmental timing
Acute imaging predictor of later response candidate stratification marker circularity, small nonresponder group, external

validation

Motion is particularly important in ADHD. Even submillimeter systematic differences can alter connectivity estimates,
and medication may reduce movement. Aggressive motion control can also preferentially remove the most symptomatic
participants, changing the sample. Global signal regression can alter apparent anticorrelation. Short rest scans have limited
individual reliability. Dynamic analyses introduce choices about windows, state number, priors and clustering. The correct
response is not to abandon imaging, but to downgrade claims whose design cannot carry them.
A systematic review of medication effects on intrinsic connectivity found a small, heterogeneous literature divided by
age, drug, exposure duration, and analysis, and therefore did not support one normalization signature (Pereira-Sanchez et
al., 2021; doi:10.1016/j.jaac.2020.10.013; PMID 33137412). In an adult community-structure study, stimulants altered
topology and reduced some group differences without eliminating them (Cary et al., 2017; doi:10.1093/cercor/bhw209;
PMID 27422412). Together, these studies sharpen the distinction between network change and normalization.
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153 DMN suppression and DMN–control coupling
Early accounts proposed that ADHD involved inadequate suppression or intrusion of default-mode activity during task.
Medication findings partly support this picture, but not as a universal off-switch.
In a very small one-month pediatric study, methylphenidate was followed by partial restoration of antiphase organization
between broadly defined default-mode and task-positive components, alongside lower reaction-time variability (Querne et
al., 2017; doi:10.1177/1087054713517542; PMID 24420764). “Partial” and “broadly defined” are essential. There was no
placebo/retest ADHD arm, and the task-positive label combined distinct systems.
A 2023 randomized acute study used a Bayesian latent dynamical-systemmodel and found that methylphenidate reduced be-
havioral variability, shifted a latent-state process toward the typically developing pattern, reduced state-dependent DMN hy-
perconnectivity and linked salience–DMN connectivity change to variability improvement (Cai et al.; doi:10.1038/s41386-
023-01668-3; PMID 37491674). This is among the most direct dynamic results, yet it remains acute, modest in sample
size and model-dependent.
Conversely, a 2024 washout-status study found no significant effect on within-DMN, within-FPN or DMN–FPN connec-
tivity (Harkness, Bray & Murias; doi:10.1016/j.ridd.2024.104691; PMID 38340416). A null can reflect insensitivity, het-
erogeneous exposure or inadequate washout; it still constrains claims of a robust persistent effect.

154 Beneficial increases in some DMN measures
A mature account must allow adaptive default-mode activity. The DMN supports autobiographical memory, future sim-
ulation, internal models, meaning and some forms of planning. Successful task performance may require regulation and
coordination, not maximal suppression.
Mizuno and colleagues found that acute methylphenidate increased spontaneous low-frequency activity in nucleus accum-
bens, salience, frontoparietal and default-mode systems in children with ADHD. Changes in a DMN-related spatial pattern
tracked lower response-time variability and aspects replicated across differing protocols (Biological Psychiatry: Cognitive
Neuroscience and Neuroimaging, 2023; doi:10.1016/j.bpsc.2022.10.001; PMID 36717325). Benefit therefore co-occurred
with increased, not uniformly suppressed, default-mode-related activity.
This result does not prove that “more DMN is better.” Low-frequency amplitude is not connectivity, and resting activity
is not task intrusion. It proves that a one-dimensional suppression rule is false. The relevant quantity may be context-
appropriate configuration: internal-model systems can participate productively when coupled to control or reward processes
and disrupt performance when they pull cognition away at the wrong time.

155 Frontoparietal recruitment and state persistence
Task-fMRI studies often report medication-related increases in inferior frontal, dorsolateral prefrontal or parietal recruit-
ment, particularly during inhibition and attention. Rubia and colleagues’ 2014 systematic review and meta-analysis identi-
fied a relatively consistent acute increase in right inferior frontal/insula activity, while working-memory effects were null
and putamen convergence depended on a more lenient threshold (doi:10.1016/j.biopsych.2013.10.016; PMID 24314347).
The accurate claim is task- and locus-specific, not global executive normalization.
An adolescent study reported that methylphenidate and atomoxetine moved frontoparietal underactivation toward controls
during sustained attention (Kowalczyk et al., 2019; doi:10.1016/j.euroneuro.2019.07.139; PMID 31358436). Another acute
n-back study in boys found that both drugs removed one parieto-insular hyperconnectivity pattern, while methylphenidate
uniquely increased wider fronto-temporo-parietal and striato-thalamic connectivity; direct whole-brain within-patient con-
trasts and task performance were null (Kowalczyk et al., 2023; doi:10.1007/s00213-023-06422-7; PMID 37500785). A
control-like contrast and a causal drug effect are not identical tests.
Dynamic evidence adds an important possibility. In healthy adults, methylphenidate increased occupancy and dwell time of
a frontoparietal-dominant state and faster low-load performance tracked that change; the result did not extend to higher load
and was not an ADHD sample (Yan et al., 2025; doi:10.1523/JNEUROSCI.1693-24.2025; PMID 40101961). In stimulant-
naïve children with ADHD, acute methylphenidate reduced whole-brain flexibility during standard and rewarded go/no-go
tasks, and greater stabilization tracked performance improvement (Nugiel et al., 2025; doi:10.1038/s41398-025-03694-9;
PMID 41271625). Useful control may involve less switching during a task, not maximal flexibility.
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156 Dorsal-attention findings and important nulls
The dorsal attention network (DAN) supports top-down orienting and selection, but medication does not reliably act by
simply amplifying DAN connectivity. A 2023 adult diffusion study found that smaller pretreatment left dorsal superior
longitudinal fasciculus I—a tract associated with the DAN—predicted poorer methylphenidate response (Parlatini et al.;
doi:10.1038/s41398-023-02598-w; PMID 37777529). This was a baseline association, not evidence that the drug changed
the tract.
A large 2025 multimodal program concluded that prescription-stimulant-associated connectivity mapped more
strongly to arousal, reward, salience and parietal-memory systems than to canonical attention networks; acute
methylphenidate in a small precision-imaging healthy sample reversed a sleep-deprivation-like pattern (Kay et al., Cell;
doi:10.1016/j.cell.2025.11.039; PMID 41448140). The naturalistic pediatric arm cannot prove medication causality, and
five healthy adults cannot define ADHD treatment. Nonetheless, the result is a major contradiction to the assumption that
stimulants work mainly by directly strengthening DAN.
An acute 2024 adult task-fMRI study likewise found no categorical stimulant effect within or between ADHD and healthy
groups. A post hoc division by reactive versus proactive control suggested selective frontoparietal benefit in the reactive
subgroup (Thunberg et al.; doi:10.3389/fphar.2024.1412178; PMID 39050752). The categorical null is robust enough to
report; the subgroup mechanism needs replication.

157 Salience and cingulo-opercular effects
Anterior insula and dorsal anterior cingulate/midcingulate systems detect behaviorally relevant events, maintain task set
and coordinate control. Acute stimulant meta-analysis most consistently identified right inferior frontal/insula effects, and
a 2024 comparative neuroimaging meta-analysis mapped convergent stimulant and nonstimulant activation increases to left
supplementary motor, middle cingulate and superior frontal regions with strong ventral-attention representation (Pan et al.;
doi:10.1017/S003329172400285X; PMID 39806554). Drug-specific effects and age/sex moderation remained.
The 2023 dynamical study linked salience–DMN connectivity change to reduced performance variability (Cai et al., PMID
37491674). The 2025 Cell study also implicated salience-related connectivity and arousal rather than canonical attention-
network strengthening (Kay et al., PMID 41448140). Together these support the interpretation that medication may alter
arbitration—what becomes behaviorally commanding—rather than merely turning up a task module.
However, “the salience network switches the DMN off” is too strong. fMRI connectivity does not reveal a central switch,
and network labels vary across parcellations. Salience, ventral attention and cingulo-opercular systems overlap in some
atlases and separate in others. The empirical conclusion is distributed, context-dependent coordination.

158 Striatal reward and reinforcement-learning effects
Striatal effects are central but not uniform. Acute methylphenidate target engagement is clearest in striatal PET. Functional
consequences differ by reward phase, genotype, sex, task and comorbidity.
Three months of OROS methylphenidate moved low-reward nucleus-accumbens and thalamic activation toward controls
in a small youth study, while high-reward processing was not the same story (Mizuno et al., 2013; PMID 24179790). In a
functional-genetic pilot, methylphenidate attenuated exaggerated striatal reward modulation only in a DAT1 9R subgroup;
no diagnostic effect appeared among 10R homozygotes (PMID 25485641). In adults, acute post-dose wanting and ventral-
striatal connectivity distinguished later stimulant responders from only five nonresponders, an intriguing but unvalidated
result (Rode et al., 2023; doi:10.1016/j.jpsychires.2023.05.073; PMID 37269772).
Lisdexamfetamine-related clinical improvement covaried with increased reward-learning activation in a twenty-person
crossover study (Newcorn et al., 2024, PMID 38101205). Mixed amphetamine salts produced different reward-network
changes in children with versus without externalizing/substance-risk features (PMID 38293912). These results make re-
ward modulation plausible and subgroup-dependent. They do not establish a single deficient reward circuit.
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159 Thalamic and cerebellar effects
Thalamus and cerebellum are often omitted from the “DMN versus task network” story even though both contribute to tim-
ing, gating, prediction, motor coordination and cognitive state. Acutemethylphenidate altered thalamic perfusion in children
but not adults in one study (Schrantee et al., 2017, PMID 27942455). Low-reward thalamic activation changed after three
months of methylphenidate in youth (Mizuno et al., 2013, PMID 24179790). A 2022 twelve-week nonrandomized compar-
ison found both methylphenidate and atomoxetine shifted widespread fronto-cingulo-parieto-cerebellar degree-centrality
patterns, with more limited cerebellar effects under atomoxetine and drug-specific brain–symptom correlations (Fu et al.;
doi:10.1093/ijnp/pyac028; PMID 35524732).
In adults, an acute methylphenidate-induced increase in vermis-lobule-VI to precentral connectivity predicted two-month
clinical response. Crucially, the useful shift moved away from the neurotypical mean, favoring a compensatory interpreta-
tion (Pretzsch et al., 2025; doi:10.1038/s41598-025-87204-3; PMID 39962109). Improvement without convergence is not
failure; it is a warning that a control average is not always the therapeutic target.

160 EEG, ERP and neural-noise findings
EEG provides millisecond temporal resolution but has its own inverse problem and analytic variability. Methylphenidate
can alter oscillatory power, event-related potentials and trial-to-trial consistency. A 2019 study proposed that modulation
of neural noise underlay methylphenidate effectiveness (doi:10.1016/j.bpsc.2019.03.011; PMID 31103546). Such results
align with reduced reaction-time variability, but “noise” must be defined—spectral variance, phase consistency, entropy
and behavioral variability are not interchangeable.
In a 2017 resting EEG study, the theta/beta ratio decreased after methylphenidate primarily because beta increased, not
because theta normalized (PMID 27798290). In a responder-enriched six-month comparison, methylphenidate and dexam-
phetamine moved broad EEG power toward control patterns despite different baseline responder profiles; selection of good
responders and lack of randomization inflate a normalization interpretation (PMID 27552823).
An eight-week source-localized EEG study compared dexmethylphenidate, guanfacine and combination treatment during
spatial working memory. Treatment-related beta dynamics and prediction patterns differed by agent and task phase (Miche-
lini et al., 2023; PMID 35963558). Similar symptom improvement can therefore arise through different electrophysiological
routes. EEG biomarkers remain research tools; they are not validated universal medication selectors.

161 Dynamic connectivity, flexibility and dwell time
Dynamic analyses are closest to the FlowHijacked question: does medication change the probability of entering and remain-
ing in a task-favorable state? For a semi-Markov model, state 𝑖 has a dwell distribution 𝐹𝑖(𝜏) rather than the memoryless
geometric duration of a standard Markov chain. Medication effect can be expressed as

Δℎ𝑖(𝜏) = ℎdrug
𝑖 (𝜏) − ℎplacebo

𝑖 (𝜏),

where ℎ𝑖(𝜏) is the hazard of leaving state 𝑖 after dwelling for 𝜏 . A negative Δℎ𝑖 for a task-favorable state would mean longer
stability, but only if the state has been independently linked to useful performance.
The 2022 randomized NeuroImage study reported remediation of aberrant brain-network dynamics in children under
methylphenidate (Mizuno et al.; doi:10.1016/j.neuroimage.2022.119332; PMID 35640787). The 2023 Bayesian work
linked state-dependent DMN and salience coupling to variability (Cai et al., PMID 37491674). The 2025 task study found
reduced network flexibility associated with better performance (Nugiel et al., PMID 41271625). Together, these support
the hypothesis that medication can stabilize some task-relevant configurations acutely.
They do not establish that ADHD always entails excessive flexibility or short dwell time. Hyperfocus may involve overly
stable engagement and costly release. An optimal treatment might reduce unwanted departures without making all states
rigid. Dynamic benefit is directional and task-specific.
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162 Children and adults can show opposite effects
Development changes receptor expression, network segregation, myelination, task strategy, metabolism and prior medica-
tion exposure. Pooling ages can erase or reverse meaningful effects. The acute perfusion study’s child-specific thalamic
response and larger adult cortical perfusion reduction is one direct example (Schrantee et al., 2017, PMID 27942455). The
2018 clinical network meta-analysis also found different comparative treatment rankings by age.
Age interactions can be mistaken for replication failure if the samples differ developmentally. Conversely, a nominal inter-
action in a small study can be unstable. Strong conclusions require adequately powered age-stratified longitudinal designs,
not separate underpowered child and adult literatures narrated as one.
The lecture should never state “medication does X to the ADHD brain” without naming the developmental population. At
minimum: children, adolescents and adults must remain separate evidence rows.

163 Responder-specific changes
Group-average effects combine responders, nonresponders and people who discontinue. A biomarker can be predictive,
prognostic, mediating or merely correlated; these roles are different.

• A prognostic marker predicts improvement regardless of treatment.
• A predictive marker interacts with treatment choice.
• A mediator changes because of treatment and carries part of the effect to outcome.
• A correlate covaries with response without establishing direction.

Baseline caudate activation predicted differential methylphenidate versus atomoxetine response in one youth study, while
motor-cortex activation related to atomoxetine response (Schulz/Rubia program; doi:10.1016/j.jaac.2017.04.005; PMID
28647012). A 2026 replicated cognitive-profile study found that an inhibitory-control profile responded strongly to atom-
oxetine whereas a sustained-attention profile responded well only to methylphenidate; prospective biomarker-guided repli-
cation is still needed (Leikauf et al.; doi:10.1016/j.jaac.2025.07.007; PMID 40681145). Baseline DAN tract size, acute
reward salience and acute cerebellar–motor connectivity have each predicted later response in small studies.
These findings oppose diagnosis-wide pharmacological interchangeability. They do not yet justify routine imaging-based
assignment. A treatment predictor must survive independent prospective validation, add value beyond clinical variables,
and change outcomes when used to allocate treatment.

164 Treatment prediction versus induced change
Suppose 𝑋0 is a baseline network measure, 𝑀1 − 𝑀0 an induced change, and 𝑌 clinical outcome. A regression

𝑌 = 𝛽0 + 𝛽1𝑋0 + 𝛽2𝑇 + 𝛽3(𝑋0 × 𝑇 ) + 𝜖

tests whether baseline 𝑋0 predicts differential response to treatment 𝑇 . It does not show that treatment changes 𝑋. A
mediation model instead asks whether 𝑇 → Δ𝑀 → 𝑌 , requiring temporal ordering, treatment randomization and strong
assumptions about mediator–outcome confounding.
Many medication-imaging papers are called mechanistic when they are predictive. Others show induced change without
linking it to behavior. Still others correlate acute brain change with later symptoms in small samples. Each can be valuable
if named correctly.
The 2026 dual-tracer PET study is a model boundary: methylphenidate altered apparent DAT/NET binding and cognition
improved, but binding changes did not correlate with cognitive change (Oya et al., PMID 41128391). Parallel change is not
mediation.

165 The “normalization” audit
Normalization requires a defined normative target and a design capable of showing movement toward it. Let 𝜇𝐶 be a control
mean, and 𝑥0, 𝑥1 patient measures before and after treatment. A scalar convergence index is

𝑁 = |𝑥0 − 𝜇𝐶 | − |𝑥1 − 𝜇𝐶 |.

Positive 𝑁 indicates movement toward the control mean. Even then, five questions remain:

1. Is the measure reliable within individuals?
2. Was the pre-treatment difference replicated and clinically meaningful?
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3. Was change caused by treatment rather than practice, motion or maturation?
4. Did convergence mediate functional benefit?
5. Is the control mean optimal for this person and task?

The term is justified only locally: for example, a specific activation contrast, during a specific task, after a specified expo-
sure. It is not justified when controls were not rescanned, when the treatment group was selected cross-sectionally, when
improvement moved away from the control mean, or when no behavioral link exists.
The 2024 structural MRI paper used normalization language because treated low-symptom children did not differ from con-
trols in right insula thickness and left nucleus-accumbens volume, whereas untreated high-symptom children did (Wu et al.;
doi:10.1038/s41386-024-01831-4; PMID 38409281). Without pretreatment scans or random assignment, this equivalence
cannot identify a medication effect. Selection and severity are alternative explanations.

166 Convergence, compensation and improvement without measurable network
change

Three distinct therapeutic architectures should be kept visible.
Convergence: a reliable abnormal metric moves toward a normative range and the change relates to benefit. Some task-
activation and latent-state findings fit this category locally.
Compensation: the system recruits an alternative configuration that improves behavior without becoming more control-
like. The adult vermis–precentral connectivity predictor moved away from controls yet predicted benefit (Pretzsch et al.,
2025, PMID 39962109).
Behavioral improvement without detected network change: symptoms or performance improve while the chosen imag-
ing measure is null. This can mean the measure missed the mechanism, statistical power was inadequate, or benefit arose
at another level. Acute n-back comparisons and washout connectivity studies provide examples of bounded neural nulls.
A fourth possibility is network change without behavioral improvement. Acute methylphenidate has moved some net-
work patterns toward controls without improving already-normal task performance. Neural convergence is not automatically
clinically useful.
The mapping can be represented as a 2×2 table:

Behavioral benefit detected No behavioral benefit detected

Network change detected possible mediation, compensation or parallel effect physiological action without demonstrated functional
value

No network change detected mechanism elsewhere or insensitive measure null under tested conditions

Only the upper-left cell invites a mechanistic claim, and even there mediation must be tested.

167 Acute benefit cannot establish durable neural reorganization
An acute drug can transiently increase the probability of a useful state. Durable reorganization would mean that the system
remains changed after the acute drug state, or that repeated treatment produces learned or developmental effects beyond
momentary exposure. Evidence for that stronger claim is limited and mixed.
Longitudinal imaging studies are often open-label, small and confounded by treatment selection. A corrected two-
year ABCD analysis did not show broad symptom-linked striatal normalization (Kaminski et al., 2024, PMID
39505862). Twelve-month PET suggested DAT adaptation rather than a simple maintained acute state (Wang et
al., 2013, PMID 23696790). A 2024 review of stimulant pharmacodynamics concluded that acute circuit effects
are better supported than prolonged normalization and emphasized small, heterogeneous samples (Parlatini et al.;
doi:10.1016/j.neubiorev.2024.105841; PMID 39098738).
The strongest current formulation is modest: medication can acutely and sometimes over weeks alter activity, coupling,
variability and state dynamics in ADHD-relevant systems. Some changes track symptom or performance improvement.
The direction, network, timescale and developmental pattern are heterogeneous. Evidence does not support one universal
normalized brain state.

99



FLOW HIJACKED · ADHD INTO THE TASK

168 Flow Hijacked interpretation: medication as a parameter perturbation
Supported interpretation, not established unitary mechanism. In the Task-State Viability Envelope developed later in
the lecture, medication may change several separable parameters:

• increase the gain of task-relevant representations;
• raise the expected value or vigor of low-immediacy actions;
• reduce unwanted transition hazard during task;
• increase dwell time in a useful configuration;
• alter salience arbitration so distractors produce smaller displacement;
• reduce reaction-time or neural variability;
• lower control energy required to enter a task state;
• change arousal so that wakefulness becomes adequate for control.

These are alternative fingerprints, not synonyms. Guanfacine may influence recurrent prefrontal stability and sympa-
thetic arousal differently from methylphenidate. Atomoxetine may alter prefrontal catecholamine regulation without
amphetamine-like striatal release. A stimulant may increase reward salience in one responder and stabilize network config-
uration in another.
The Flow Hijacked prediction is therefore multivariate: two patients with equal symptom improvement can show different
changes in entry latency, dwell time, perturbation susceptibility and adaptive release. A treatment that lengthens dwell but
worsens release could help ordinary sustained work while intensifying hyperfocus costs. A treatment that improves arousal
but not learned task policy could make capacity available without deciding where it is directed.

169 Contradiction ledger for medication–network claims
Preferred story Resisting evidence Consequence

medication suppresses DMN methylphenidate increased beneficially associated
DMN-pattern activity (PMID 36717325)

regulation and coupling matter more than global
suppression

medication strengthens attention networks large 2025 study mapped effects to arousal/reward, not
DAN (PMID 41448140)

canonical DAN is not the only or primary route

more flexibility is better acute MPH reduced flexibility and better performance
tracked stabilization (PMID 41271625)

optimal flexibility is state- and task-dependent

benefit means convergence to controls beneficial vermis–motor shift moved away from
controls (PMID 39962109)

compensation can be therapeutic

a drug class has one network effect age, sex, genotype, familial bipolar risk and cognitive
profile moderate response

subgroup and state are part of the mechanism

acute effect implies chronic repair DAT adaptation and weak two-year causal evidence timescale must be explicit
target occupancy mediates benefit PET binding change did not correlate with cognitive

improvement (PMID 41128391)
molecular action and clinical mediation are separate

frontoparietal activation must increase atomoxetine improved inhibition with lower IFG/ACC
activation (PMID 28657141)

efficiency may appear as less activation

network change guarantees function some convergence occurred without performance gain neural endpoints need behavioral validation

170 What is established, supported and still hypothetical
Established evidence

• Several medications reduce core ADHD symptoms over weeks in randomized trials.
• Methylphenidate engages DAT and NET; amphetamine-class drugs have release-promoting transporter-substrate phar-
macology; atomoxetine inhibits NET; alpha-2 agonists act at adrenergic receptors.

• Medication can change task activation, resting connectivity, oscillations and dynamic-state measures under specific
conditions.

• Effects vary by molecule, age, task, exposure and individual.

Supported interpretation

• Medication can improve control partly by altering catecholamine-dependent gain, arousal, reward weighting, network
stability and the relation between internally and externally oriented systems.

• Some useful effects are better described as stabilization or compensation than uniform activation or normalization.
• Molecular target engagement is necessary for drug action but does not alone explain clinical response.
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Plausible synthesis

• Different drug classes may widen the Task-State Viability Envelope through different combinations of lower entry cost,
reduced unwanted-exit hazard, increased useful dwell time and altered reward sensitivity.

• Medication may create a more learnable cognitive state in which strategies and environmental scaffolds can be acquired,
although direct mediation evidence is limited and belongs in the combined-treatment part.

Flow Hijacked hypothesis

• The most informative medication biomarker may prove to be an individualized transition fingerprint—change in state-
entry probability, perturbation amplification, dwell-time hazard, adaptive-release capacity and return latency—rather
than a static regional mean. This is a research prediction, not a validated biomarker.

Open questions

• Which dynamic metrics replicate across scanners and tasks?
• Do acute state changes predict years-long function?
• Are responders characterized by convergence, compensation, or distinct mechanistic subtypes?
• Can medication improve unwanted departure without impairing adaptive switching or creative internal cognition?
• Which network changes are pharmacological, and which arise because successful performance changes experience and
learning?

EVIDENCE BOUNDARY

Part XII synthesis. Medication does not turn a single task network on or the default-mode network off. It perturbs amultiscale system. Under some
conditions that perturbation changes arousal, reward, gain, coupling, variability or state stability in ways that support control. The scientifically
defensible object is a treatment-, person-, task- and timescale-specific network fingerprint—not a universal image of normalization.

What would neural normalization actually require?
“Normalization” is meaningful only when a measure that differed from a specified comparison group shifts toward that
group under a defined treatment, task, dose, and time interval. Even then, the word does not establish mediation or recov-
ery. A measure can move toward the group mean without causing clinical improvement; a person can improve through
compensation while the measure remains atypical; and a group mean can conceal several trajectories.
Acute pharmaco-fMRI is especially easy to overread. A single dose can change vascular tone, arousal, motion, task per-
formance, and neural activity simultaneously. Chronic treatment introduces adaptation, learning, exposure, selection of
responders, and discontinuation. Cross-sectional comparisons of medicated and unmedicated participants cannot separate
treatment effects from the reasons treatment was initiated or continued.
The stronger design combines randomization where feasible, repeated measurement, a credible control condition, pharma-
cokinetic timing, behavioral mediation, and follow-up after sustained exposure. It asks whether a neural change predicts
later function beyond baseline severity and whether the same relationship replicates. Until those conditions are met, med-
ication should be described as modulating measured network behavior in particular paradigms, not repairing a universal
ADHD network.

A brain change after medication is not yet a mechanism of recovery
Pharmaco-neuroimaging studies occupy a demanding inferential position. They must establish that a drug changed a mea-
sured signal, that the signal relates to a defined cognitive operation, and ideally that this change explains clinical or functional
benefit. Many studies establish only the first link. Target engagement is important, but it is not mediation.
Acute and chronic designs answer different questions. A single dose can reveal immediate modulation during a task, often
near peak exposure. Repeated treatment introduces learning, adaptation, sleep and appetite changes, expectancy, adherence,
and altered task familiarity. An acute shift toward a comparison-group mean cannot justify a claim of durable neural
normalization. Conversely, absence of an acute change does not show that longer-term treatment lacks a mechanism.
The word normalization should be replaced by a vector of explicit observations. Did activation increase or decrease in
a specified region and epoch? Did within-network coherence or between-network segregation change? Did the change
occur only during successful trials? Was it associated with symptom improvement, accuracy, variability, or no behavioral
endpoint? Did untreated participants, placebo recipients, and healthy comparison participants show stable reference values?
Without these details, normalization compresses several possible results into one flattering label.
Age matters because the reference system is developing. A medication-related pattern in children cannot automatically be
projected onto adults, and a control-group mean is not a timeless optimum. Prior treatment history also matters: washout
does not erase developmental exposure, and medication-naive samples may differ systematically from previously treated
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samples. Motion, arousal, vascular effects, and task performance can all change the imaging signal independently of the
proposed network mechanism.
The strongest design would combine randomized treatment, pharmacokinetic sampling, repeated imaging, ecological out-
comes, and preregistered mediation. It would measure entry, stable performance, lapse, re-entry, and adaptive release
rather than averaging an entire block. Dynamic models would be trained on one subset and tested on held-out sessions,
with motion and physiological alternatives carried through the uncertainty analysis.
Several treatment fingerprints are possible. One drug might shorten entry latency without changing dwell. Another might
reduce unwanted-exit hazard but make adaptive switching harder. A behavioral intervention might leave local neural mea-
sures unchanged while making cues and routines more effective. Two treatments can yield similar symptom improvement
through different state-space routes. That possibility is a reason to measure multiple layers, not to infer the route from the
clinical endpoint.
Negative results are especially valuable here. Null or inconsistent network findings limit claims of a common neural pathway
and can expose dependence on task, age, preprocessing, or responder status. A mechanistic lecture should preserve these
nulls because they define what medication imaging has not yet established.
The disciplined conclusion is narrower and more useful than “medication normalizes the ADHD brain.” Medication can
alter catecholamine signaling, behavior, and some task- or rest-related neural measures. Which neural changes mediate
sustained, ecologically meaningful improvement—and for whom—remains an active empirical question.

A causal chain can fail at every arrow

Write the proposed mechanism as a sequence: drug exposure changes catecholamine signaling; signaling changes a network
parameter; the parameter changes a cognitive operation; the operation changes daily function. Evidence for one arrow does
not validate the rest. A PET finding may support target engagement without identifying the network route. An fMRI change
may correlate with improved accuracy without mediating symptom change. A symptom response may occur without the
measured network effect.
Mediation is strongest when exposure precedes mediator change, mediator change precedes outcome, treatment is ran-
domized, relevant post-treatment confounders are addressed, and alternative mediators are measured. Most small imaging
studies cannot satisfy all conditions. Their value is often hypothesis generation and constraint rather than a complete causal
explanation.
Responder-only analyses are especially treacherous. Defining response after treatment and then searching for the neural
pattern that responders show can produce selection artifacts. Baseline prediction, target engagement, and mediation are
different analyses and require separate validation samples. A biomarker should be tested against clinical information already
available; added value matters more than classification accuracy reported in isolation.
The network claim should also survive behavioral matching. If treated participants perform better, their different neural
signal may reflect a different task state rather than a direct drug effect. Designs can compare trials matched on accuracy
or model performance jointly, while acknowledging that matching on a post-treatment variable can introduce its own bias.
There is no purely mechanical correction for a poorly specified causal question.
The Flow Hijacked treatment map remains useful if it is kept conditional. A wider viability envelope, longer task-state
dwell, or lower perturbation gain are candidate mediators. Each requires an operational measure and a falsification test.
Until then they organize research questions; they do not certify neural normalization.

Acute modulation is not developmental normalization

A single dose can demonstrate target engagement or an immediate change in performance-linked activity. It cannot show that
the same network configuration persists after drug clearance, that repeated exposure produced learning, or that development
followed a different trajectory. Those claims require repeated randomized measurement, credible untreated or alternative-
treatment comparisons, and outcomes beyond the scanner.
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Part proposition
Psychological and behavioral treatment does not need to “repair a defective attention circuit” to matter. It can change the
task, the cue, the sequence, the reinforcement schedule, the interpretation of failure, the probability of beginning, and the
route back after a lapse. Those are not decorative effects around a supposedly biological core. They are changes in the
coupled person–environment system through which disability or participation is expressed.
This part therefore asks a more exact question than “Does therapy work?” For every intervention we ask: which outcome
layer changes, according to whom, against what comparator, for how long, and with what direct evidence about
mechanism? A reduction in self-rated symptoms, a teacher-observed increase in on-task behavior, a completed tax re-
turn, less family conflict, and a change in an fMRI signal are all legitimate observations. They are not interchangeable
observations.

EVIDENCE BOUNDARY

Evidence boundary. Clinical benefit can be established without a scan. Conversely, a changed EEG or BOLD signal does not by itself establish
meaningful clinical benefit, mediation, far transfer, or durable neural reorganization.

Treatment map: what is trained and what is actually known

Intervention family Principal target Best-supported outcome layer
Important resistance in the
evidence

Direct ADHD
neural-mechanism evidence

ADHD-adapted CBT planning, task execution,
maladaptive appraisals, relapse
recovery

adult symptoms and selected
functional outcomes

effects shrink against credible
active comparators; packages are
heterogeneous

generally absent

Metacognitive / executive
self-management therapy

monitoring, organization, time
use

adult ratings and targeted
organization

narrower replication base than
CBT

absent

Organizational-skills treatment materials, calendars, homework,
routines

targeted organization and
homework

parent effects often exceed
teacher effects; broad transfer is
not guaranteed

absent

Behavioral parent training antecedents, contingencies,
instructions, reinforcement

parenting, disruptive behavior,
family function

probably blinded core-symptom
effects are smaller

absent at network level

Classroom behavioral treatment immediate feedback and
classroom contingencies

on-task behavior and proximal
school function

implementation and rater
dependence; attainment data are
thinner

absent

Mindfulness-based intervention meta-awareness and
reorientation

small-to-moderate clinical
effects in heterogeneous studies

a key active-comparator RCT
found no superiority over
psychoeducation

sparse, small studies

DBT-informed /
emotion-regulation work

affective escalation, response
delay, interpersonal behavior

emerging symptom and
emotional-function evidence

adaptations differ; no clear
core-symptom superiority to
CBT

absent

Digital therapeutics product-specific cognitive
practice or treatment delivery

selected objective-attention or
access outcomes

digital is not one mechanism;
durability and real-world
transfer uncertain

sparse exploratory EEG

Computerized cognitive training trained cognitive process near transfer and selected task
measures

far transfer and daily function
are inconsistent

limited target engagement,
mediation unproven

Neurofeedback learned regulation of a selected
signal

protocol-specific cognitive
measures

recent probably blinded
synthesis finds essentially null
average core-symptom benefit

training signal is not proof of
therapeutic neural mediation

Coaching accountability and
implementation

possible self-management
benefit

small pilot/observational base,
heterogeneous providers

absent

How to read a psychosocial-treatment effect

Psychological and behavioral trials cannot blind participants and therapists to the intervention in the way a matched pill trial
can sometimes blind drug identity. This does not invalidate them. It changes what must be controlled and how outcomes
should be interpreted. A parent who receives training knows that treatment occurred and also observes the child most
closely. Their rating can capture a real context-specific improvement, altered expectations, changed tolerance, or all three.
A teacher or independent observer may be less exposed to expectancy but may miss change at home.
The recurring rater gradient—larger effects from people closest to treatment, smaller effects from probably blinded raters—
is therefore substantive evidence. It can mean reporter bias, proximal context-specific benefit, or limited cross-setting
transfer. The solution is not to select the preferred rater. Report each layer and ask whether objective or independently
observed function changed.
Comparators also define the question. Waitlist controls estimate the combined effect of treatment content, hope, attention,
structure, and natural change relative to delayed care. A credible active comparator estimates whether the specific package
adds value beyond time, support, monitoring, and expectation. Both questions matter, but effect sizes cannot be placed on
one scale without noting the contrast.
For outcome 𝑌 , an intent-to-treat mean contrast is
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Δ̂ITT = ̄𝑌𝑇 =1 − ̄𝑌𝑇 =0.

Its standardized version depends on the chosen standard deviation and can conceal clinically different baseline variance.
Attritionmakes complete-case contrasts vulnerable when dropout depends on response, burden, or adverse effects. Multiple
reporters, time points, and outcomes create multiplicity. Treatment allegiance and fidelity affect transportability.
A strong lecture statement therefore carries its design with it: “In medication-treated adults, manualized CBT outperformed
relaxation plus educational support on specified symptom outcomes” is more informative than “CBT rewires attention.”
“Parent training improves parenting and disruptive behavior more consistently than independently rated core symptoms” is
more honest than either “it fixes ADHD” or “it only changes perception.”

Persistence is not a single property

Follow-up after psychotherapy can test at least four different things: retention of knowledge, continued use of a strategy,
persistence of functional benefit, and persistence of benefit after the support is removed. These are not equivalent. An
organizational routine may remain effective only while the calendar and weekly review remain in place; that is sustained
treatment use, not necessarily a failure of learning. A parent-training effect may decline when school, household, or de-
velopmental demands change. A cognitive-training effect may persist on the practiced task without transferring to daily
life.
Long-term comparisons also lose their original meaning as subsequent care diverges. Participants seek medication, therapy,
coaching, or accommodations outside the protocol; people doing poorly may intensify care; people doing well may stop.
Attrition is rarely random. The lecture should therefore specify whether “maintained” means a within-group change from
baseline, a continued advantage over the original comparator, or an outcome associated with naturalistic treatment exposure.
Durability is a causal question with its own design, not a decorative follow-up p-value.
The time horizon belongs inside every treatment claim, never outside it.

171 Why psychotherapy is not secondary decoration
The phrase “core disorder” can create a false hierarchy. Medication appears to act on the core; psychotherapy is then
described as supportive decoration. That hierarchy confuses a causal story with an outcome map. ADHD is diagnosed
through persistent symptoms and impairment in real environments. A treatment that changes whether a student submits
work, whether a parent–child interaction escalates, whether an adult can re-enter a task after interruption, or whether
shame turns one missed deadline into a week of avoidance has changed the disorder’s lived expression, even if no study has
demonstrated a change in intrinsic network topology.
The correct comparison is not biological versus psychological. A reminder is physically instantiated; a medication is be-
haviorally expressed; reinforcement history alters what becomes salient; sleep changes both neural and behavioral control.
The useful distinction is instead between intervention targets and evidence levels. Pharmacotherapy can modify cate-
cholaminergic signaling and reduce symptoms during exposure. Skills treatment can install explicit action policies. Parent
training can alter reinforcement latency and conflict. An accommodation can reduce the unsupported control required by a
task. Each acts at a different coordinate of the coupled system.
This also prevents two equal and opposite errors. The first is biologic reductionism: if an intervention has not altered
a scan, it has not treated anything real. The second is psychotherapeutic neuro-mythology: because learning necessarily
involves the brain, a clinical improvement may be narrated as demonstrated normalization of the DMN, salience network,
or frontoparietal control. The first denies function; the second invents mechanism.
Established evidence: several psychosocial interventions improve specific symptoms or functions. Supported inter-
pretation: external structures and learned strategies can compensate for unreliable endogenous control. Flow Hijacked
synthesis: such interventions may change entry routes, boundary conditions, and recovery policies in task-state space. Not
established: that standard ADHD psychotherapy normalizes large-scale network switching.
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172 ADHD-adapted adult cognitive behavioral therapy
ADHD-adapted CBT differs from generic cognitive restructuring. Its active vocabulary is concrete: calendar use, priori-
tization, breaking assignments into observable actions, estimating time, reducing distractors, using reminders, rehearsing
problem solving, examining all-or-nothing interpretations, and planning for recurrence. The model assumes that know-
ing what to do is not equivalent to reliably executing it at the needed moment. Treatment therefore repeatedly couples an
intention to a cue and a small action.
Randomized trials and syntheses support a moderate adult evidence base, especially for persistent symptoms and functional
problems among people already receiving medication. In the Safren trial, medication-treated adults with residual symptoms
were randomized to a manualized CBT program or relaxation with educational support; CBT improved symptoms more
strongly (Safren et al., 2010; PMID 20736471). Meta-analytic work, including a Cochrane review, supports benefit while
emphasizing heterogeneity, self-report, imperfect blinding, and limited certainty for some outcomes (López et al., 2018;
PMID 29566425). Later component-level synthesis suggests that organizational and problem-solving elements contribute
to benefit, but a component network meta-analysis cannot make each ingredient independently randomized (Ostinelli et al.,
2025; PMID 39732478).
The active comparator matters. In the large COMPAS factorial study, structured group psychotherapy did not outperform
individual clinical management on the observer-masked primary outcome, although both psychological conditions could
be clinically useful; methylphenidate had an independent acute effect (Philipsen et al., 2015; PMID 26536057). This is not
a verdict that CBT is ineffective. It shows that time, expertise, expectation, monitoring, and structured clinical contact are
potent comparators, and that between-treatment superiority is a harder question than improvement from baseline.
The most defensible lecture claim is therefore specific: adult ADHD-adapted CBT has meaningful evidence for symptoms
and selected functional outcomes, including organization and coping, with larger and more secure effects against waitlist
or weak controls than against high-quality active care. It teaches procedures rather than proving restoration of a generic
executive capacity. Direct evidence that these clinical gains are mediated by DMN suppression, frontoparietal recruitment,
or altered network dwell time is not established.

173 Metacognitive therapy
“Metacognitive” in this literature usually means explicit monitoring and executive self-management rather than an abstract
claim about consciousness. The patient learns to notice recurrent failure points—misestimated duration, unrecorded in-
tention, task switching without closure, materials lost during a transition—and then to deploy a preselected routine. A
foundational randomized trial found greater improvement with metacognitive therapy than with supportive psychotherapy
in adults, with medication status incorporated into the design (Solanto et al., 2010; PMID 20231319).
The distinction between capacity and policy is useful. A person may be capable of planning when prompted in a quiet
clinic but fail to evoke that plan at 08:10 while locating keys, answering a message, and remembering a child’s school form.
Metacognitive treatment attempts to make the policy callable: pause, externalize, sequence, execute, check. It reduces
reliance on an unprompted realization arriving at precisely the right time.
Evidence is promising but narrower than the general adult CBT corpus. The intervention overlaps substantially with organi-
zation, problem solving, and cognitive restructuring; long-term independent replications are fewer. Subjective improvement
in executive functioning does not prove a change in laboratory executive capacity. Nor does increased awareness prove a
specific frontoparietal or cingulo-opercular mechanism.
Within the Flow Hijacked lens, metacognitive training can be represented as learning an observation policy 𝜋monitor that
detects departure from a task-favorable state and calls a recovery routine. This is amodeling interpretation, not a measured
neural result. Its value is that it generates an empirical question: after treatment, are departures detected earlier, are re-entry
latencies shorter, and is ecological performance improved even if lapse frequency itself changes little?

174 Organizational and planning strategies
Organizational-skills treatment makes the future perceptible in the present. Calendars, launch pads, checklists, visible
clocks, single capture systems, color-coded materials, planned review times, and standardized transitions are often cari-
catured as tips. In treatment they are repeatedly installed, rehearsed, audited, and repaired. Their function is to reduce
working-memory load, the number of branching decisions, and the delay between an intention and the cue that retrieves it.
A meta-analysis of organizational-skills interventions in young people supports moderate-to-strong effects on targeted or-
ganization and homework outcomes, with less secure effects on core symptoms and meaningful differences between parent
and teacher reports (Bikic et al., 2017; PMID 28088557). Randomized school-based programs have reported immediate
and maintained gains, but generalization is conditional on continued use and environmental support (PMIDs 22889336,
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29172596). Recent trials continue to test central-executive and organizational packages, but a change in school organization
should not be redescribed as a normalized executive network (PMID 37439737).
The intervention’s success can be real even when scaffolding remains necessary. Glasses do not fail because vision worsens
when they are removed. Likewise, an external planning system may be a durable component of functioning rather than tem-
porary evidence of an unhealed mind. The relevant outcome is not independence from every aid; it is reliable participation
at acceptable cost.
Flow Hijacked interpretation: external organization may enlarge the set of states from which task entry is feasible and
reduce the control effort required to remain viable. Empirical requirement: demonstrate lower initiation latency, fewer
unplanned transitions, or improved task completion under ecological measurement. No claim about intrinsic network nor-
malization is required.

175 Problem solving and task decomposition
“Write the report” is not one action. It is an unresolved tree containing topic selection, retrieval, reading, drafting, citation,
editing, formatting, and submission. Each branch adds uncertainty. For a person whose task engagement is strongly shaped
by delay, ambiguity, and competing salience, the global instruction can remainmotivationally distant evenwhen the deadline
is understood.
Problem-solving modules convert an opaque goal into a finite sequence with visible stopping rules: open the file; name
the question; list three claims; retrieve one source; draft one paragraph; mark the next action. Component network meta-
analysis associates problem-solving elements with modest inattention reduction in adult psychological treatment (Ostinelli
et al., 2025; PMID 39732478), and the technique is embedded in established CBT packages (Safren et al., 2010; PMID
20736471). Yet components are seldom randomized alone. Therapist structure, expectancy, organizational tools, and
behavioral rehearsal travel together.
The mechanistic statement should remain modest. Decomposition reduces decision branching and makes feedback more
immediate. It may lower task-entry cost, but no study has isolated a corresponding reduction in neural control energy. The
intervention can be evaluated directly without speculative imaging: time to first observable action, probability of returning
after interruption, proportion of subgoals completed, and calibration between predicted and actual duration.

176 Avoidance, shame, and recovery after failure
Repeated inconsistency can become a learning history. A missed task evokes criticism; criticism becomes anticipatory
shame; shame makes the task aversive; avoidance produces urgent consequences; urgency finally creates enough salience
for action; last-minute completion then teaches both that crisis “works” and that calm initiation does not. This loop cannot
be reduced to inattention. It contains reinforcement, emotion, self-prediction, and relationship history.
CBT addresses catastrophic and global appraisals—“I missed this, therefore I am incapable”—while behavioral planning
specifies the smallest recoverable action. The target is not positive thinking. It is preventing a local failure from causing
a long excursion away from the task and from care. Relapse planning makes expected variability explicit: the system will
sometimes depart; success includes shortening the return.
Evidence for adult CBT includes improvement in emotional symptoms, self-esteem, and global functioning, although out-
come coverage varies and self-report is common (Safren et al., 2010; López et al., 2018; PMID 29566425). Shame-specific
mediation is not established. Emotional relief may follow improved performance; improved performance may follow re-
duced avoidance; both may be driven by therapeutic contact or expectation.
The lecture should therefore present this as a clinically grounded feedback model rather than an etiological claim. Early
relational adversity is neither necessary nor sufficient to generate ADHD. But once failure–shame–avoidance dynamics
exist, they are legitimate treatment targets regardless of how ADHD began.

177 DBT-informed emotion-regulation approaches
Emotional dysregulation is common and impairing in ADHD, but it is not uniquely diagnostic and must not be made
universal. DBT-informed adaptations teach attention to escalating cues, response delay, distress tolerance, behavioral alter-
natives, and interpersonal repair. They target what happens when affective salience displaces the current goal and narrows
the available response repertoire.
Recent randomized and meta-analytic evidence is emerging. A 2025 meta-analysis of adult ADHD DBT trials reported
benefit, while a 2026 direct comparison of DBT skills and CBT did not establish clear superiority for core symptoms
(PMIDs 40513141, 42106651). Programs vary: some are full DBT-derived protocols, others are skills groups containing
mindfulness and emotion-regulation components. This heterogeneity limits the meaning of a single pooled label.
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The most secure claim is that emotion-focused skills may benefit selected people with prominent lability, impulsive reac-
tions, shame, or interpersonal conflict. It is not established that they correct a unitary ADHD mechanism. No replicated
treatment-neuroscience evidence links DBT-informed benefit to salience, limbic, or control-network change.
Flow Hijacked hypothesis: emotion-regulation practice could reduce the hazard that an affectively salient perturbation
ejects the system from a task-viable region and could accelerate repair after displacement. A study could test this with
ecological momentary assessment, wearables, task logging, and preregistered dynamic imaging. Until then, “salience-
network regulation” is an inference, not a result.

178 Behavioral parent training
Behavioral parent training changes the learning environment; it does not diagnose the parent as the cause. This distinction is
ethically and scientifically indispensable. Caregivers learn to make instructions brief and observable, establish predictable
routines, use immediate and proportionate reinforcement, reduce inadvertent reinforcement of escalation, and respond
consistently across repeated episodes. The child’s behavior changes because antecedents and consequences change—not
because the treatment has proved an attachment-based origin.
Meta-analyses show a consistent rater gradient. Parent-rated ADHD symptoms often improve by small-to-moderate
amounts, whereas independently rated or probably blinded core-symptom effects are smaller and can be nonsignificant. Ef-
fects on parenting behavior, disruptive behavior, family conflict, and global child or family function are generally stronger
(PMIDs 27179355, 34224837). Follow-up syntheses suggest some maintenance over months, but continuation depends on
implementation and context (PMID 37720584).
TheMAPPA preschool factorial study clarifies layer-specific effects: methylphenidate produced clearer symptom reduction,
while parent training contributed to functional outcomes; the two approaches were not interchangeable (PMID 36306807).
In families where a caregiver also has ADHD, instructions and monitoring may need to be simplified and externalized for
both generations. Treating parental ADHD, however, has not reliably magnified the child’s response across analyses.
The Flow Hijacked formulation is environmental, not blaming: parent training changes feedback latency, cue reliability,
and perturbation intensity. These are boundary conditions of the child’s regulatory system. There is no direct evidence that
standard parent training normalizes the child’s large-scale neural networks.

179 Reinforcement, antecedents, and family contingencies
Behavior is shaped not merely by reward magnitude but by timing, predictability, effort, and the availability of competing
rewards. “You will benefit at the end of the semester” has low temporal proximity. A small, immediate, credible conse-
quence can exert greater control over behavior than a large distant one. This does not mean a child values the future less as
a moral matter; it means the implemented contingency has different effective weight.
Behavioral treatment begins upstream. An antecedent can specify the action, reduce distracting options, and signal when
reinforcement becomes available. Consequences are then delivered consistently and rapidly enough to be learnable. Fam-
ilies are helped to distinguish planned ignoring from emotional withdrawal, proportionate consequences from punitive
escalation, and reinforcement from bribery after refusal. The target is a stable contingency system rather than permanent
surveillance.
Reward language must not be collapsed into dopamine language. Behavioral reinforcement is an observed relation between
context, action, and future action probability. Dopaminergic signaling participates in reinforcement learning, but a token
system’s efficacy does not prove that it “raises dopamine to normal.” The clinically testable variables are delay, consistency,
response cost, generalization, and maintenance.

180 Organizational-skills treatment for young people
Youth organizational treatment addresses a developmental mismatch: the environment expects increasingly independent
planning before the student can reliably supply it. Treatment often combines materials management, assignment recording,
time estimation, homework routines, and parent or school check-ins. The scaffolding is gradually adjusted rather than
removed by ideology.
Evidence supports targeted improvements in organization and homework, often with larger parent- than teacher-rated ef-
fects (Bikic et al., 2017; PMID 28088557). That discrepancy may reflect context-specific change, differential observation,
allegiance, or weak generalization. It should be inspected, not averaged away. Grades and standardized attainment are also
more distal than assignment recording or binder organization; a proximal gain need not immediately move a cumulative
academic endpoint.
The intervention is best evaluated against its declared target. If the target is “record every assignment accurately and submit
a higher proportion,” a symptom scale alone is insufficient. If the target is broad independence, continued reliance on adult
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prompts matters. Treatment fidelity, school resources, developmental stage, learning disorders, and medication status can
all modify outcome.

181 School–home coordination
A plan that exists only in one setting creates a transition failure. School–home coordination aligns task definitions, commu-
nication channels, reinforcement, and responsibility. Daily report cards, shared assignment systems, brief teacher feedback,
and scheduled caregiver review can reduce the information loss that occurs between classroom intention and home execu-
tion.
Collaborative school–home randomized studies support improvements in proximal school and family outcomes (PMIDs
27566117, 29588050). Digital implementation systems can support fidelity, but implementation success is not the same as
efficacy and may depend on staffing, training, and local infrastructure (PMID 39650565).
Coordination should not become continuous moral accounting. A child who receives only deficit signals across settings can
experience the system as surveillance. Good design keeps measures few, observable, time-limited, and linked to teachable
actions. It also includes successes and reduces the burden of carrying information through the very working-memory
channel most likely to fail.

182 Academic and classroom interventions
Classroom interventions include altered seating, reduced distraction, shorter task units, movement opportunities, explicit
transition cues, immediate feedback, daily report cards, and contingency management. Their common operation is to
change the ratio between task signal, delay, effort, and competing input. Teacher training aims to make these contingencies
consistent enough to learn.
A 2025 systematic review and meta-analysis of school-based randomized trials reported small improvements in inattention
and combined symptoms, with no significant pooled hyperactivity/impulsivity effect, alongside small-to-moderate effects
in selected academic, externalizing, and social domains (PMID 40761448). Outcomes are sensitive to rater blinding and
implementation; teachers both deliver and often rate the intervention.
On-task behavior is not the same as learning. A child can face the pagemore oftenwithoutmastering the concept; conversely,
a modest behavioral change can compound into meaningful attainment over time. The lecture should show the causal
distance: intervention→ classroom behavior → completed practice → learning→ accumulated attainment. Evidenceweakens
as the horizon lengthens and other determinants enter.

183 Workplace accommodations and the evidence gap
Adult occupational impairment is central to ADHD, yet workplace intervention trials are sparse compared with symptom
trials. Common accommodations—written priorities, fewer simultaneous channels, protected focus blocks, reduced no-
tification load, flexible scheduling, quieter workspace, structured check-ins, explicit deadlines, and task chunking—are
mechanistically plausible because they reduce interruption, ambiguity, and unsupported prospective memory. Plausibility
is not an RCT.
The evidence base allows a restrained conclusion: school environmental modifications have moderate support for proximal
outcomes, while controlled ADHD-specific workplace evidence is insufficient. Employment context also matters. An
accommodation that aids a software developer may be impossible for an emergency clinician; a quiet room may help one
person and reduce essential stimulation for another. The unit of fit is person × role × environment.
Workplace function should be measured directly: lateness, error rate, project completion, job retention, supervisor-rated
performance, burnout, and accommodation sustainability. Symptom reduction cannot stand in for these outcomes. Nor
should disclosure be assumed safe or necessary; legal and organizational contexts vary.

184 Psychoeducation
Psychoeducation gives a shared model of symptoms, impairment, treatment options, monitoring, and realistic expectations.
Its humane function is often underestimated. Replacing “lazy” with a precise account of initiation difficulty can reduce
shame while preserving agency. Replacing “medication fixes everything” with an outcome-specific model can improve
monitoring and help the patient notice what remains to be learned.
Pragmatic trials such as PEGASUS support gains in knowledge, satisfaction, and selected quality-of-life or engagement
outcomes (PMID 28641216). Digital and app-supported programs may improve homework adherence or access, though
format effects can reflect novelty and engagement rather than informational content (PMID 36041353). Core-symptom
reduction is not the primary or most secure effect.
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Psychoeducation often forms part of an active comparator. In the adult mindfulness trial, psychoeducation itself produced
improvement, helping explain why mindfulness did not demonstrate clear superiority (PMID 29356899). That result illus-
trates why “control” does not mean inert.
No isolated neural mechanism has been established. Psychoeducation may change prediction, self-observation, care-
seeking, and treatment use. It does not follow that it directly changes network topology.

185 Motivational approaches and engagement
Motivational interviewing does not attempt to manufacture motivation by lecture. It elicits the person’s own goals, makes
ambivalence discussable, and reduces coercive conflict. In adolescents, it is frequently embedded within parent–teen skills
programs or used to improve medication engagement. Its proximal outcome may be attendance or willingness to practice,
not core symptom reduction.
Trials show mixed clinical results. Parent–teen behavior therapy enhanced with motivational interviewing has produced
acute benefits in some studies (PMID 27077693), while the community STAND trial did not outperform usual care on its
principal outcome trajectory despite engagement-related promise (PMID 32861773). Longer follow-up is emerging (PMID
39442667), but subsequent care and developmental change complicate causal inference.
Within a dynamical account, motivation changes the value of entering and remaining in an effortful state. That statement
can remain psychological. It is not evidence that motivational interviewing reweights ventral-striatal prediction errors or
salience-network gain. A direct test would require concurrent changes in valuation behavior, treatment adherence, and
prespecified neural measures mediating clinical outcome.

186 Mindfulness-based interventions
Mindfulness training asks the participant to notice that attention has moved, recognize the current object of thought or
sensation, and return without converting every departure into failure. For ADHD, this maps naturally onto meta-awareness
and reorientation. Yet conceptual fit should not be mistaken for decisive efficacy.
Meta-analyses suggest small-to-moderate potential benefit with substantial heterogeneity across age, protocol, comparator,
and rater (youth: PMID 36429915; adults: PMID 40958241). A key adult randomized trial found mindfulness-based
treatment no better than active psychoeducation, although both groups improved (PMID 29356899). Expectancy, instructor
contact, home practice, and self-report are difficult to blind.
Direct neural evidence is sparse. A 40-participant complete-case fMRI study reported treatment-related working-memory
activation associations after mindfulness versus psychoeducation (PMID 29758392). A 2026 EEG/LORETA study of
30 participants reported electrocortical changes including beta-power and precuneus-related measures (PMID 42350829).
These studies are too small and method-dependent to establish replicated DMN regulation, network switching, or mediation.
The defensible claim is that mindfulness may train detection of attentional drift and deliberate reorientation for some people.
It is not established as a replacement for indicated medication, nor as a method that normalizes DMN–task anticorrelation.
Creative spontaneous thought should not be pathologized; the target is flexible regulation of when internal cognition serves
or displaces the current goal.

187 Acceptance-based approaches
Acceptance-based work targets the struggle with internal experience: the urge to wait until a task feels easy, the attempt to
suppress every distracting thought, or the conclusion that discomfort means action is impossible. Values-guided action can
be clinically meaningful when shame and avoidance dominate.
However, a mature standalone ADHD evidence base for acceptance and commitment therapy was not identified in the
acquired corpus. Acceptance elements occur inside third-wave packages and mindfulness programs, making their inde-
pendent contribution difficult to estimate. Component network meta-analysis does not turn co-occurrence into isolated
causality (Ostinelli et al., 2025; PMID 39732478).
Any claim that acceptance reduces salience capture or transition volatility is therefore a Flow Hijacked hypothesis. The
clinical rationale may justify careful use; it does not justify presenting core-symptom efficacy or neural mechanism as
established.
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188 ADHD coaching and evidential immaturity
Coaching commonly supplies regular accountability, collaborative goal selection, planning, and external monitoring. In
the Flow Hijacked vocabulary, it resembles an external control loop: intention is sampled at short intervals, deviation is
detected, and a corrective action is selected. That description explains face validity; it does not establish treatment efficacy.
The verified research base contains small pilot evidence rather than a mature set of adequately powered, independently
replicated randomized trials (for one complementary coaching pilot, PMID 26383058). Provider training, boundaries,
dose, and intervention content vary widely. Selection effects are strong: people able to purchase and sustain coaching may
differ systematically; expectancy and concurrent medication or psychotherapy confound observational gains.
Coaching should therefore be presented as promising and potentially useful for implementation, with indeterminate core-
symptom efficacy and no direct neural evidence. Popularity is not a negative finding—but neither is it evidence.

189 Internet-delivered CBT and telehealth
Digital delivery can reduce geographic, scheduling, and service-access barriers. Internet CBTmay deliver the same planning
and cognitive modules as in-person treatment, while telehealth parent training preserves live relational work. Yet “digital”
names a channel, not a mechanism. A reminder application, therapist-guided CBT, an attention game, and an AI chatbot
should never be pooled as one intervention.
Randomized evidence supports feasibility and possible clinical benefit for internet-delivered adult CBT (PMID 37483263).
Smartphone-assisted psychoeducation can improve engagement relative to a brochure, but novelty and homework adherence
may explain part of the difference (PMID 36041353). Digital parent-training evidence is encouraging but often small and
brief.
Critical variables include therapist guidance, adherence, dropout, data privacy, accessibility, comparator intensity, and
whether effects persist after access ends. A scalable intervention with a small individual effect can have population value;
a technically sophisticated product can also generate no far transfer.

190 Game-based digital therapeutics
Game-based therapeutics use adaptive cognitive demands and immediate reinforcement to train selected attention oper-
ations. The STARS-ADHD randomized digital-control trial reported improvement in an objective attention measure in
children, supporting product-specific target engagement (PMID 33334505). Objective performance is valuable, but it is not
equivalent to broad symptom control, school function, or durable developmental change.
A review of reviews through 2025 judged the overall digital-intervention evidence heterogeneous and often low in certainty
(PMID 40264083). Short follow-up, proprietary outcome selection, sponsor involvement, and product heterogeneity com-
plicate synthesis. Medication may remain more effective for core symptoms even when a game improves a trained or related
attention measure.
Small electrophysiological studies add biological observations but not definitive mediation. An uncontrolled 25-child study
reported increased midline frontal theta power after four weeks of digital training (PMID 34972140); an 18-child adjunctive
qEEG study reported altered prefrontal theta–gamma coupling (PMID 42036744). Without adequate controls, preregistra-
tion, replication, and outcome mediation, these are exploratory signals.

191 Cognitive training and the near-transfer/far-transfer boundary
Cognitive training repeats an operation—working-memory updating, inhibition, sustained attention—with the expectation
that practice improves that process. The most common interpretive error is to move silently from better performance on the
trained task to better executive control in life.
Near transfer refers to improvement on similar tasks; far transfer refers to improvement in dissimilar cognitive operations,
symptoms, academic or occupational behavior, and daily function. A recent synthesis restricted to blinded or objective
outcomes found small and setting-specific effects, with more convincing trained-process change than broad clinical trans-
formation (PMID 36977764). Strategy-based interventions often show clearer impairment benefit than process training.
The correct causal ladder is: exposure to training → learning on trained task → transfer to an untrained process → use in an
uncontrolled environment → improvement in patient-valued function. Evidence at one rung cannot be assumed at the next.
A neural change can sit between rungs but does not bridge them automatically.
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192 Neurofeedback and the probably blinded null result
Neurofeedback trains a participant to alter an EEG or fMRI-derived signal. This makes it uniquely tempting to describe the
treatment as direct brain repair. Three questions must remain separate: can the participant change the target signal; does
the target signal change after training; and does that change cause blinded clinical improvement?
The 2025 meta-analysis by Westwood and colleagues included 38 randomized trials and 2,472 participants aged approx-
imately 5–40. On probably blinded ratings, the pooled average effect on total ADHD symptoms was essentially null,
although protocol-specific and cognitive effects remained possible (PMID 39661381). A 25-month double-blind follow-up
attributed much within-group improvement to nonspecific elements of the treatment package (PMID 36521694). Add-
on EEG neurofeedback synthesis reported small short-term parent-rated effects that did not persist clearly and found no
evidence connecting physiological change to symptom change (PMID 36437272).
An active-versus-sham fMRI neurofeedback trial in 88 boys targeted right inferior frontal cortex. It failed to show an
advantage on the primary inhibition-performance or successful-stop activation outcomes; exploratory error-monitoring
effects were observed (PMID 39428885). This is informative target-engagement failure, not an embarrassment to erase.
The lecture decision is firm: neurofeedback remains scientifically interesting, but current probably blinded evidence does
not support a meaningful average core-symptom effect. Learned signal control must not be equated with improved DMN–
FPN switching, everyday self-regulation, or durable remission.

193 Part XIII synthesis — treatment can change the route
Psychosocial treatment can operate through at least six nonexclusive levers:

1. Task definition: reduce ambiguity and specify the next observable action.
2. Cue structure: externalize goals, time, transitions, and prospective memory.
3. Learned policy: select, monitor, persist, stop, and re-enter after a lapse.
4. Contingency: change the timing and reliability of feedback.
5. Emotion and meaning: reduce shame, avoidance, and escalation loops.
6. Environment: reduce perturbation load and unsupported control demand.

These are legitimate treatment mechanisms at behavioral and systems levels. Whether any particular lever changes large-
scale neural dynamics remains a separate empirical question.

Compensation is not a lesser endpoint

Three treatment outcomes are often collapsed. Restorationmeans an impaired process itself becomes more reliable across
contexts. Compensation means another process or external support achieves the goal despite persistent vulnerability.
Accommodation changes the demand so the vulnerable process is invoked less intensely. A calendar can compensate for
prospective-memory failures; a quiet workspace can accommodate distractibility; practiced monitoring might partly restore
detection of attentional drift. The same intervention can contain all three.
These categories are not moral rankings. A durable compensatory systemmay create more participation than a small change
in a laboratory process. Conversely, apparent accommodation can become exclusion if it removes challenge or opportunity.
Evaluation must ask whether the arrangement improves autonomy, learning, well-being, and access at an acceptable burden.
For a repeated task (j), let successful completion be (Y_j=1), intrinsic control capacity be (C_j), learned skill support (L_j),
and environmental support (E_j). A conceptual model is

Pr(𝑌𝑗 = 1) = 𝜎(𝛽0 + 𝛽𝐶𝐶𝑗 + 𝛽𝐿𝐿𝑗 + 𝛽𝐸𝐸𝑗 + 𝛽𝐶𝐿𝐶𝑗𝐿𝑗 + 𝛽𝐶𝐸𝐶𝑗𝐸𝑗) ,

with logistic link 𝜎(𝑧) = 1/(1 + 𝑒−𝑧). An improvement in 𝑌𝑗 can occur through 𝐿𝑗 or 𝐸𝑗 even if 𝐶𝑗 is unchanged. The
equation is an explanatory decomposition, not a validated ADHD prediction model. It prevents the mistaken inference that
real-world improvement proves intrinsic neural normalization.

Changing the architecture around attention
Psychotherapy and behavioral treatment often work by changing the policy and environment through which cognition is
deployed. A calendar externalizes prospective memory. A visible timer converts an abstract future into present information.
A launch ritual reduces the number of decisions required for entry. Problem solving converts an ambiguous project into
executable actions. Emotion-regulation work reduces the secondary avoidance created by shame, threat, or repeated failure.
These changes are not merely cosmetic compensation. Human cognition normally depends on tools, routines, other people,
and environmental structure. At the same time, functional usefulness does not prove that a specific brain network has
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normalized. Direct neural evidence after ADHDpsychotherapy remains small relative to the clinical literature, and cognitive
training often shows stronger improvement on practiced tasks than on distant outcomes.
Mechanism studies should specify the target. Does treatment reduce initiation latency, increase use of external cues, im-
prove recovery after interruption, alter reinforcement contingencies, or reduce avoidance? Does the effect persist when
therapist contact ends and generalize across settings? Symptom scores, strategy use, objective performance, family burden,
school or occupational function, and quality of life belong on separate outcome layers.

Psychotherapy changes the architecture in which attention must operate
Psychological treatment does not need to erase a neurodevelopmental difference to matter. It can change what happens
before a task begins, how the next action is represented, which cues are visible, how interruptions are handled, and what
the person predicts after a setback. These are changes in policy, learning, environment, and meaning. They can improve
function even when symptom vulnerability remains.
ADHD-adapted CBT typically makes executive demands explicit. Large goals are converted into observable next actions;
time is externalized; planning is practiced rather than merely recommended; distractors are anticipated; and beliefs formed
through repeated failure are examined. The mechanism is not simply “thinking positively.” It is the construction and
rehearsal of procedures that are more likely to survive delay, ambiguity, and emotional activation.
Behavioral parent training changes antecedents, consequences, prompt structure, and reinforcement in the child’s environ-
ment. Its strongest effects may appear in parenting practices and proximal behavior, with smaller effects under probably
blinded assessment. That gradient does not make the intervention unreal; it specifies where evidence is strongest and warns
against claiming a context-free cure. School interventions and organizational-skills training operate similarly by redesigning
the task ecology.
Mindfulness-based approaches may train detection of attentional departure, decentering from internal content, and return
without extended self-criticism. Evidence is heterogeneous, and the neural corpus is much smaller than the clinical literature.
Coaching can supply accountability, sequencing, and feedback, but controlled evidence remains less mature. Digital tools
can deliver cues at the correct moment yet also create distraction, dependence, privacy concerns, and engagement attrition.
The outcome hierarchy is crucial. A therapy may produce modest change in core symptom ratings while meaningfully
improving completion, relationships, emotional recovery, or self-efficacy. Another may improve performance only while
prompts remain present. Compensation, skill acquisition, generalization, and symptom change should therefore be mea-
sured separately. The question is not whether a strategy is “just a workaround,” but whether it reliably expands functioning
at an acceptable cost.
Claims about brain change require restraint. Cognitive training and neurofeedback studies sometimes report neural effects,
but small samples, variable controls, target-engagement uncertainty, and limited far transfer constrain interpretation. For
psychotherapy broadly, direct evidence of altered DMN regulation, salience switching, or frontoparietal dynamics is not yet
commensurate with the confidence of many mechanistic diagrams. A plausible neural account must be labeled as inference
until measured.
Under the Flow Hijacked lens, psychotherapy can modify the effective control policy 𝜋, lower the complexity of the task
boundary, increase the salience of useful cues, and shorten recovery after departure. Environmental support can reduce
perturbation load; rehearsal can make a response more reachable; self-compassion can prevent one error from becoming a
prolonged avoidance state. These are testable mappings, not established neural mechanisms.
The practical synthesis is layered. Medication may improve the conditions under which learning and control occur. Psy-
chotherapy and behavioral treatment can supply the learned procedures, external structures, and relational contingencies
that medication does not teach. Neither layer should be devalued because it acts differently.

Mechanism evidence begins by naming the trained operation

A psychotherapy study should state whether it trains cue use, task decomposition, prospective memory, lapse detection, re-
entry, emotion regulation, or belief revision. “Executive function” is too broad to serve as a mediator. The trained operation
should improve before it is invoked to explain distal function, and far transfer should be tested rather than assumed.
This standard allows an honest result: treatment may improve organization and quality of life through learned scaffolding
while direct evidence of altered large-scale network dynamics remains absent. That is a clinically important mechanism at
the behavioral level, not a lesser outcome.
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Part proposition
Medication can reduce symptoms during pharmacological exposure; psychotherapy can install strategies; behavioral treat-
ment can alter contingencies; environmental design can lower task demand. These effects can be complementary without
being identical, additive on every outcome, or neurally synergistic. “Combined treatment” is therefore not one verdict. It
is a family of comparisons indexed by age, intervention intensity, outcome, time, and subsequent care.

194 The direct psychotherapy-neuroscience corpus is small
The psychological-treatment literature is clinically much larger than its treatment-neuroscience subset. In the acquired
evidence system, only a small set of studies directly measured neural change around mindfulness, digital training, or neuro-
feedback. The core adult CBT, parent-training, school, organization, and coaching trials generally did not include pre/post
fMRI, EEG, dynamic functional connectivity, or formal neural mediation.
This matters for both skepticism and enthusiasm. The absence of a scan does not weaken a well-designed trial of homework
completion or family functioning. But the phrase “therapy rewires the brain” is too nonspecific to count as mechanism. Ev-
ery learning event has a physical substrate; the scientific question is whether a defined neural variable changed relative to
a credible control, temporally preceded outcome, statistically mediated that outcome under defensible assumptions, repli-
cated, and generalized.
A useful evidential ladder is:

1. clinical outcome changes;
2. a neural measure changes;
3. neural change differs from an active control;
4. neural change precedes and predicts outcome change;
5. perturbing the neural target changes outcome;
6. the mediation result replicates and generalizes.

Most ADHD psychotherapy studies establish level 1. A few exploratory studies reach levels 2–3. Very little establishes 4,
and the corpus does not support a general claim at levels 5–6.

195 Mindfulness and working-memory fMRI
The 2018 randomized fMRI study of mindfulness and psychoeducation in adults with ADHD analyzed 40 complete cases.
It reported associations between reduced self-rated inattention/memory problems and stronger activation in portions of the
left putamen and globus pallidus during working-memory processing (PMID 29758392). The design is important because
it included an active comparator and a neural task.
Its interpretation must remain narrow. The sample was small; complete-case analysis raises attrition questions; multiple
regions and behavioral outcomes increase multiplicity; BOLD activation is not a direct neurotransmitter measure; and an
association between symptom change and activation does not demonstrate that activation change caused the clinical effect.
The study did not establish global DMN normalization or corrected salience switching.
The lecture can use the result as proof that treatment-neuroscience measurement is possible, while also demonstrating how
much stronger the evidence must become before a mechanistic claim is secure.

196 EEG changes after mindfulness or digital intervention
Electrophysiology offers millisecond resolution and can measure training-linked oscillatory changes, but frequency labels
are not transparent psychological states. Midline theta can index different processes depending on task and decomposition;
scalp power contains oscillatory and aperiodic components; source localization from limited electrodes is model-dependent.
A 25-child uncontrolled digital-training study reported increased midline frontal theta power and improved objective at-
tention after four weeks (PMID 34972140). A 2026 adjunctive qEEG study in 18 young participants reported increased
prefrontal theta–gamma coupling (PMID 42036744). A 30-participant 2026 mindfulness/LORETA study reported beta-
power and precuneus-related changes (PMID 42350829). Each is a candidate signal, not a replicated mechanism. Small
samples, absence or weakness of controls, analytic flexibility, and uncertain behavioral mediation make confirmation es-
sential.
The safe sentence is: some small studies report electrophysiological changes after behavioral or digital intervention. The
unsafe sentence is: psychotherapy restores ADHD network dynamics.
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197 fMRI neurofeedback target-engagement failures
Neurofeedback is a particularly strong test of mechanistic reasoning because the intervention names a neural target.
The active-versus-sham study of right inferior frontal cortex in 88 boys found no advantage on its primary inhibition-
performance or successful-stop activation outcomes (PMID 39428885). Exploratory error-monitoring effects did not rescue
the prespecified primary hypothesis.
Null target engagement can mean the signal was difficult to learn, the target was not causally decisive, the dose was in-
sufficient, the feedback mapping was noisy, or the task outcome was insensitive. It does not prove that all neurofeedback
is impossible. It does show why mechanistic plausibility and a sophisticated apparatus cannot substitute for a successful
controlled test.

198 Neural association is not treatment mediation
Let 𝑇 ∈ {0, 1} denote randomized treatment, 𝑀 a post-treatment neural variable, and 𝑌 a clinical outcome. A common
analysis finds that 𝑇 changes 𝑌 , and that change in 𝑀 correlates with change in 𝑌 . This does not identify mediation. Both
changes may be caused by expectation, engagement, arousal, task practice, motion, or an unmeasured variable 𝑈 .
In potential-outcome notation, the average causal mediation effect at treatment level 𝑡 is

ACME(𝑡) = 𝔼[𝑌 (𝑡, 𝑀(1)) − 𝑌 (𝑡, 𝑀(0))] .

Identification generally requires assumptions stronger than treatment randomization: no unmeasured mediator–outcome
confounding conditional on observed covariates, well-defined interventions and mediators, appropriate temporal order, and
no problematic treatment-induced confounder of the mediator–outcome relation. A small pre/post correlation does not meet
these requirements.
Even successful mediation would be measure-specific. If a working-memory activation contrast mediates a rating change,
it does not follow that a resting-state network was normalized, that the effect is durable, or that the same mediator operates
in children.

199 MTA at 14 months
The Multimodal Treatment Study of Children with ADHD randomized 579 children with combined-type ADHD to care-
fully managed medication, intensive behavioral treatment, their combination, or community care for 14 months (MTA
Cooperative Group, 1999; PMID 10591283). It remains a landmark because it compared treatment strategies at scale
rather than testing only one drug against placebo.
Carefully managed medication and combined treatment led on core symptom outcomes. Combined treatment was not
uniformly superior to medication management on every core symptommeasure, but it produced advantages in selected non-
ADHD and functional domains and achieved benefit with a lower average stimulant dose. Intensive behavioral treatment
changed parenting, classroom, and family contingencies that medication did not teach.
The accurate summary is outcome-specific: medication management produced the strongest acute core-symptom signal;
combination extended benefit to some broader domains and could be dose-sparing. The slogan “combined always wins” is
false, as is the opposite slogan that behavior added nothing.

200 MTA at 24 months, eight years, and 16 years
After the randomized treatment phase ended, families selected care in the community. Treatment exposure converged,
adherence varied, and indication affected who continued medication. At 24–36 months, initial group differences attenuated
(24-month report: PMID 15060224).
At six to eight years, original treatment assignment no longer predicted major symptom or functional outcomes; baseline
severity and contextual factors were more informative (Molina et al.; PMID 19318991). The finding is frequently recruited
into opposing narratives. One says medication has no lasting value; another dismisses the follow-up because randomization
ended. Both are incomplete.
Long-horizon analyses extending to roughly 16 years associated sustained stimulant-exposure trajectories with altered
height/weight patterns in some models. These are observational exposure classes after the randomized phase; confounding
by indication, adherence, and selection remains. Growth monitoring is warranted without presenting a single deterministic
trajectory.
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201 Why the randomized comparison does not survive unchanged over decades
The transition out of the protocol changes the causal question. The 14-month trial estimates the effect of assigned, protocol-
ized strategies under intensive management. Later follow-up describes trajectories after assignment no longer controlled
treatment. It cannot simply extend the randomized ranking into a decade. Nor does convergence prove that the acute random-
ized effect was illusory. It shows that treatment implementation, self-selection, developmental change, and environment
become part of the long-horizon system.
The follow-up does not estimate continuous protocolized treatment versus no treatment. It documents that an acute assign-
ment did not create separable long-term groups after years of naturalistic, changing exposure. This is directly relevant to
claims of disease modification: the trial does not demonstrate a durable “teaching the brain to focus” effect that persists
independently of subsequent care.

202 Combined treatment by outcome domain
Treatment effects should be represented as a vector, not a single number. Let

Δy = (Δ𝑆, Δ𝐸, Δ𝐴, Δ𝑂, Δ𝑅, Δ𝑄, Δ𝐵),

where 𝑆 is core symptom burden, 𝐸 ecological executive function, 𝐴 academic function, 𝑂 occupational function, 𝑅
relationships, 𝑄 quality of life, and 𝐵 treatment burden or adverse effects. Medication and psychotherapy can have different
signatures across these coordinates.
A scalar “best treatment” score 𝐽 = w⊤Δy requires weights w. Those weights are not discovered by neuroimaging;
they express patient values, age, context, risk, and clinical priorities. For one family, preventing classroom exclusion may
dominate. For an adult, restoring reliable work while preserving sleep may be decisive. For another, emotional regulation
or driving safety may be the urgent endpoint.
Adult trials support adjunctive CBT for residual symptoms and skills among medication-treated participants (Safren et al.,
2010; PMID 20736471), and a recent meta-analysis found short-term combined benefit that could narrow by six to nine
months (PMID 38084075). Parent training plus medication can improve parenting and oppositional or family outcomes
beyond what medication teaches. School and organizational treatment can improve routines even when core symptoms
remain.

203 Dose-sparing behavioral complementarity
A behavioral intervention can be complementary by allowing a lower medication intensity to achieve an acceptable func-
tional target. Factorial home-setting and adaptive-treatment studies provide support for behavior-by-dose tradeoffs in se-
lected pediatric contexts (e.g., PMID 37382748). The MTA similarly found lower average stimulant dosing in combined
care than in medication management alone during the acute phase.
Dose-sparing is not automatically superior. Lower dose may reduce appetite or sleep burden, but greater behavioral-
treatment intensity costs time, expertise, family capacity, and money. Some patients require medication at an effective
dose regardless of scaffolding. The relevant outcome is the joint benefit–burden surface, not dose minimization as a virtue
in itself.

204 Medication as a possible learning corridor
The learning-corridor hypothesis asks whether medication-induced symptom stabilization makes it easier to attend ther-
apy, encode a routine, practice it repeatedly, and receive corrective feedback. It is clinically plausible: a strategy cannot be
learned or enacted if the learner repeatedly leaves the training situation or never initiates practice.
But plausibility is not proof. A decisive test would require a factorial design with medication and structured skills treat-
ment, repeated measurement of treatment attendance and skill acquisition, ecological assessment of implementation, a
post-discontinuation or carefully controlled maintenance phase, and prespecified neural dynamics. The key interaction
would be not merely whether combined care changes symptoms, but whether medication increases the rate or durability of
learning from psychotherapy.
Formally, if 𝐿𝑘 is acquired skill after session 𝑘, a simple learning model is

𝐿𝑘+1 = 𝐿𝑘 + 𝛼(𝑀𝑘) 𝑒𝑘 − 𝛽𝐿𝑘 + 𝜀𝑘,
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where 𝑒𝑘 is usable practice/error information, 𝛼(𝑀𝑘) is a learning-rate function under medication state 𝑀𝑘, 𝛽 is forgetting,
and 𝜀𝑘 is noise. The hypothesis is 𝜕𝛼/𝜕𝑀 > 0 in a therapeutically responsive range—not that medication directly supplies
the skill. This equation is a research scaffold, not an established biological law.

205 Demonstrated complementarity versus unproven neural synergy
Clinical complementarity is demonstrated when two treatments improve different outcomes or their combination improves
a prespecified outcome beyond either alone. Neural synergy is a stronger claim: the combination produces an interaction
in a neural mechanism that mediates clinical benefit.
In a factorial model,

𝑌 = 𝛽0 + 𝛽𝑀𝑀 + 𝛽𝑃 𝑃 + 𝛽𝑀𝑃 (𝑀 × 𝑃) + 𝜖,

𝛽𝑀 and 𝛽𝑃 estimate main effects of medication and psychotherapy under the model; 𝛽𝑀𝑃 estimates statistical interaction
on the chosen scale. Even a nonzero clinical 𝛽𝑀𝑃 is not neural synergy. To establish the latter, an analogous interaction on
a prespecified neural mediator plus credible mediation evidence is needed.
The acquired corpus supports acute medication efficacy, psychosocial skill and functional effects, outcome-specific com-
bined benefits, and possible dose-sparing. It does not establish that medication opens a neural learning corridor, that psy-
chotherapy consolidates medication-induced network normalization, or that combined treatment permanently reorganizes
ADHD brain dynamics.

Outcome hierarchy — what counts as recovery?

Layer Representative measures Typical evidence pattern Guardrail

Core symptoms clinician, parent, teacher, self ratings strongest short-term medication evidence;
psychosocial effects depend on rater and
control

symptom change is necessary for many,
never sufficient for all

Executive function tasks and ecological ratings laboratory and daily executive measures
often diverge

do not infer daily organization from one
cognitive task

Academic function completed work, grades, attainment proximal classroom behavior changes
exceed evidence for long-term attainment

looking on-task is not identical to
learning

Occupational function attendance, errors, output, retention thinner evidence than adult symptom
trials

measure work directly

Relationships conflict, parenting, partner/peer function behavioral and combined care may add
value beyond medication

relational change can occur without
symptom normalization

Emotion regulation lability, irritability, distress tolerance important, heterogeneous,
transdiagnostic

outcome and moderator, not universal
criterion

Quality of life participation and patient-rated well-being improves on average but not in lockstep
with symptoms

a patient-valued endpoint

Injury and driving records, crashes, violations, simulators clinically important, often observational causal caution and exposure timing
Substance outcomes initiation, disorder, acute events therapeutic use differs from nonmedical

use
never merge route, dose, supervision, and
indication

Self-esteem and identity shame, efficacy, qualitative accounts psychotherapy may benefit this layer
despite persistent symptoms

humane outcome, not cosmetic

Sleep, appetite, growth sleep measures, weight/height,
adverse-event reports

benefits must be balanced against burden monitor across development

Cardiovascular outcomes pulse/BP and rare events small short-term mean changes and
long-term events are different questions

duration-sensitive monitoring

Life-course participation education, employment, mortality predominantly observational acute response is not lifetime recovery

The outcome hierarchy prevents a quiet substitution: a statistically significant symptom score cannot be used as proof of
restored education, work, relationships, health, or identity. Different treatments may improve different layers, and complete
care often means selecting a portfolio rather than declaring one winner.

A decisive test of the learning-corridor hypothesis

A strong study would randomize medication-responsive participants in a 2 × 2 factorial design: optimized medication ver-
sus matched pharmacological control, and manualized skills treatment versus structurally equivalent clinical management.
Medication allocation would begin before skills acquisition, and treatment exposure, expectancy, therapist contact, sleep,
and adverse effects would be measured. The design would sample five levels:

1. state readiness: momentary arousal, task initiation, and within-session attention;
2. skill learning: trial-by-trial acquisition and retention of explicit routines;
3. implementation: passive or ecological measurement of routine use outside sessions;
4. function: work, school, household, relationship, and patient-valued outcomes;
5. neural dynamics: preregistered task-state dwell, transition, or representational-stability measures.
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Let 𝐿𝑖𝑘 be participant 𝑖’s skill at session 𝑘, 𝑀𝑖 medication assignment, and 𝑃𝑖 psychotherapy assignment. A hierarchical
learning curve could be written

𝐿𝑖𝑘 = 𝐿∞,𝑖 − (𝐿∞,𝑖 − 𝐿0,𝑖) exp{−𝑘(𝛼0 + 𝛼𝑀𝑀𝑖 + 𝛼𝑃 𝑃𝑖 + 𝛼𝑀𝑃 𝑀𝑖𝑃𝑖)} + 𝜖𝑖𝑘.

The key learning-corridor parameter is 𝛼𝑀𝑃 : does medication increase the rate at which psychotherapy-specific skill is
acquired, beyond generic practice and main effects? A post-training probe under a carefully defined medication condition
would test retention rather than same-day performance. Ecological implementation would test whether learned skill exits
the clinic.
The neural hypothesis should be narrower still. If 𝐷𝑖𝑘 is task-favorable dwell time, demonstrate that randomized combina-
tion changes 𝐷, that change temporally precedes improved learning, and that it predicts retention under sensitivity analyses
for mediator confounding. A null interaction with positive main effects would support complementarity without synergy.
A neural interaction without better learning would show target engagement without the proposed behavioral mechanism.
This design makes failure informative.
Ethically, a “pharmacological control” cannot mean depriving participants of indicated care without justification. Pragmatic
alternatives include add-on designs among stable treated patients, randomized timing of skills treatment, micro-randomized
medication-state comparisons under clinical oversight, or within-person N-of-1 components. Every design trades causal
identification against feasibility and participant welfare.

Complementarity is not automatically synergy
Medication and psychotherapy can be complementary because they address different constraints. Medication may improve
the probability that a cue is detected or a task rule is maintained during a treatment session. Psychotherapy may supply the
rule, routine, environmental redesign, or recovery sequence that the medicine does not teach. Behavioral work may alter
contingencies around the person. These layers can add value without interacting at a neural level.
Synergy is a stronger causal claim. It requires the combined outcome to exceed what would be expected from the com-
ponents under an explicit model, ideally with factorial randomization, adequate power, treatment fidelity, and temporal
measurement of learning. The attractive “learning corridor” hypothesis further predicts that medication changes a state
variable that enables greater acquisition or consolidation of therapeutic skills. Clinical improvement alone does not iden-
tify that mediator.
The hypothesis remains worth testing. Trials could vary medication timing relative to skills training, measure within-session
engagement and later strategy use, and test whether early changes in task stability mediate durable functional gains. Until
then, the practical case for combined care should rest on demonstrated outcomes and individual needs, not on an unmeasured
claim of neural optimization.

Complementarity must be demonstrated outcome by outcome
Combined treatment is often discussed as though two effective components must automatically create synergy. That con-
clusion does not follow. Additive benefit, complementary benefit, sequential benefit, and true statistical interaction are
different patterns. The answer can also change across core symptoms, family behavior, organizational skill, academic
performance, emotional regulation, and quality of life.
The Multimodal Treatment Study of ADHD remains foundational because it compared carefully managed medication,
intensive behavioral treatment, their combination, and community care. Its acute findings, later follow-ups, changing treat-
ments, and naturalistic trajectories should be read together. Initial group differences did not translate into a simple lifelong
ranking of assigned conditions. Long-term interpretation is complicated because randomized treatment ended, subsequent
care changed, and developmental and family factors continued to operate.
A learning-corridor hypothesis is nevertheless plausible. If medication reduces distractibility, improves response consis-
tency, or lowers the cost of remaining with a task, a person may be better able to notice cues, rehearse organizational
procedures, tolerate corrective feedback, and experience successful completion. Psychotherapy can then convert a tem-
porarily more stable state into routines and skills that remain useful across contexts. This sequence is clinically intelligible,
but the specific mediation from drug to neural stability to learning has not been established as a general mechanism.
The reverse direction is also possible. Behavioral structure can make medication effects easier to observe by defining tasks
and outcomes. Psychoeducation can improve adherence and interpretation of adverse effects. Sleep routines can reduce
variability that otherwise obscures dose response. Family work can prevent the treatment from being framed as the child’s
sole responsibility. Complementarity is therefore systemic, not merely pharmacological.
To test synergy, a study needs more than a combined arm with the largest mean improvement. A factorial or sequential
design should estimate component effects, their interaction, treatment fidelity, exposure, and mediators. Repeated measures
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should ask whether one component changes acquisition rate, generalization, durability, or context sensitivity of the other.
Outcomes should include function and burden, not only symptom ratings from people who know the assigned treatment.
Timing may matter as much as package. Some people may first need symptom stabilization to participate in therapy; others
may need environmental structure or treatment of sleep, trauma, anxiety, or substance use before stimulant response can
be interpreted safely. Booster sessions, medication adjustments, developmental transitions, and changing demands turn
combined care into an adaptive process rather than a one-time comparison.
The defensible message is neither “medication teaches no skills” nor “therapy corrects the cause.” Medication, learning,
relationships, and environment can act on different constraints within the same task lifecycle. Their combination is justified
when the person’s outcome profile and preferences indicate that multiple layers require support. Neural synergy remains a
hypothesis until directly shown.

The learning-corridor hypothesis has a clear failure test

If medication creates a wider learning corridor, participants receiving effective pharmacological stabilization should acquire
and generalize a trained strategy more rapidly than equally engaged participants without that stabilization. The prediction
concerns learning rate or transfer, not merely a larger final symptom reduction. It should remain after differences in atten-
dance, expectancy, and baseline severity are addressed.
A sequential randomized design could begin with medication or placebo stabilization, then introduce the same manualized
skills program. Repeated probes would measure strategy use, task entry, lapse recovery, and function. A factorial alterna-
tive could test medication, psychotherapy, both, and neither while estimating interaction. In either design, exposure and
treatment fidelity matter; assignment alone is not the received intervention.
The hypothesis would be weakened if medication improved symptoms but did not alter skill acquisition, if combined treat-
ment benefit were fully additive, or if learning persisted equally without pharmacological stabilization. It would also be
weakened if apparent synergy existed only in unblinded ratings. These are informative outcomes, not failures of treatment.
Several competing mechanisms remain. Medication may improve attendance rather than learning. Reduced family conflict
may create practice opportunities. Successful early performance may change expectancy and avoidance. Psychotherapy
may improve adherence and make the medication effect more consistent. The study must measure these routes before
selecting the preferred one.
The FlowHijacked interpretation is thereforemodest: a more stable state may create opportunity for learning, while learning
can change the future policy landscape. The two directions are plausible and clinically useful. Their neural implementation
and generality remain open.

Complementarity can occur without neural synergy

Medicationmay reduce the volatility that makes practice difficult, while psychotherapy supplies explicit procedures for plan-
ning, cueing, monitoring, re-entry, and emotion regulation. That division of labor is clinically coherent. Yet a larger benefit
from receiving both interventions can be additive, sequential, expectancy-mediated, or produced by better attendance; it is
not automatically evidence that one treatment potentiated the neural mechanism of the other.
The strongest test distinguishes outcome layers. Symptom ratings, acquired strategy use, transfer to an untrained setting,
persistence after treatment, and family or occupational function should be measured separately. If medication changes
acute state control and therapy changes learned policy, their signatures should differ in timing and retention. A factorial or
sequential design can test that prediction.
The Flow Hijacked “learning corridor” is therefore a hypothesis with a concrete burden: demonstrate that stabilization
changes the rate, generalization, or durability of learning, not merely the final score. Until such evidence exists, the concept
is best used to explain why combined care may be rational while keeping its proposed neural synergy explicitly unestab-
lished.
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Part proposition
A compelling explanation can be humane, memorable, and partly right while exceeding its evidence. This part does not
ask whether a public figure is “good” or “bad.” It asks whether each consequential statement survives a transparent chain:
The Huberman audit covers the substantive ADHD/focus material located on the official site through the evidence cutoff:
ADHD & How Anyone Can Improve Their Focus (13 September 2021); Controlling Your Dopamine for Motivation, Focus
& Satisfaction (27 September 2021); Time Perception & Entrainment by Dopamine, Serotonin & Hormones (15 November
2021); Focus Toolkit: Tools to Improve Your Focus & Concentration (5 September 2022); Adderall, Stimulants & Modafinil
for ADHD: Short- & Long-Term Effects (29 May 2023); Tools to Enhance Working Memory & Attention (29 January
2024); the John Kruse guest episode Improve Focus with Behavioral Tools & Medication for ADHD (10 March 2025); and
Essentials: ADHD & How Anyone Can Improve Their Focus (31 July 2025). The audit uses legally accessible official
episode pages, show notes, and public transcript text where available. The 2024 working-memory and 2025 Kruse pages
expose official summaries and chapter navigation, while their complete transcripts aremember-gated; those entries therefore
audit the official segment framing, not a purported verbatim claim. In a guest interview, a chapter topic is not automatically
attributed to either speaker. A timestamp is retained only when it appears in the official navigation or public transcript; it
locates material and is not scientific evidence.

public claim → proposed mechanism → primary evidence → replication / newer evidence → lecture decision.

Authority cannot terminate the chain. Neither can popularity, clinical experience, an impressive mechanistic vocabulary,
or a single citation.

206 How charismatic explanations acquire scientific authority
Public explanations gain power by compressing complexity. “Low dopamine,” “the trauma response,” “the default network,”
or “the prefrontal cortex” turns a distributed, heterogeneous, developmental phenomenon into a story with an agent and a
remedy. Compression is necessary for teaching; the danger is concealed compression loss.
Several rhetorical moves deserve explicit detection:

• Phenomenology-to-etiology: an experience feels defensive, therefore defense caused the disorder.
• Mechanism-to-efficacy: an intervention could affect a pathway, therefore it treats ADHD.
• Group-to-person: a small mean imaging difference becomes an individual explanation or test.
• Acute-to-durable: a drug changes performance today, therefore it permanently trains attention.
• Association-to-causation: adversity or smartphone use precedes symptoms in some studies, therefore it creates ADHD.
• Citation laundering: a paper is cited near a claim stronger or different from what the paper tested.
• Evidence flattening: a first-line medication, a small adjunctive nutritional effect, and an unvalidated supplement appear
in one list.

The audit does not require contempt. The better pedagogical move is to preserve what is experientially true while correcting
causal confidence.

207 Maté’s humane developmental and relational insights
Gabor Maté’s account in Scattered Minds and related public material speaks to experiences often omitted from mechanistic
accounts: the shame of inconsistency, the developmental importance of attuned relationships, the effects of chronic stress,
the limits of medication as a complete life solution, and the need to understand a person’s history rather than reduce them
to a checklist. Several propositions align with contemporary evidence when stated carefully.
First, a diagnosis describes a recurring symptom-and-impairment pattern; it is not a complete etiological explanation. Sec-
ond, no blood test or brain scan currently makes a validated standalone ADHD diagnosis. Third, genes influence probability
rather than imposing a single predetermined life. Fourth, social and emotional environments shape development and can
worsen or buffer impairment. Fifth, medication can be helpful without teaching every skill or repairing every relationship.
These claims can belong in the lecture.
The clinical stance also has value independent of causal certainty. Listening for stress, family conflict, trauma, sleep, poverty,
and relational strain is good assessment. Parent support can improve a child’s life without implying parental causation. A
person may find healing in self-understanding even if inherited liability remains.
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EVIDENCE BOUNDARY

Verification boundary. The current Maté audit is based on legally accessible public author material, publisher/preview material, and timestamped
public transcripts listed in the evidence workbook. A complete legally supplied edition of Scattered Minds was not available for page-by-page
inspection. Therefore book-level passage attribution remains provisional; the lecturemust not present unverified quotations or exact chapter locators
as if directly audited.

208 Maté’s heredity, trauma, attachment, and reversibility claims
The central scientific tension is not whether environment matters. It does. It is whether early stress or relational disruption
should replace inherited liability as the primary general cause of ADHD.
Twin and family designs show substantial heritability across the lifespan (Larsson et al., 2014; PMID 24107258). Molecular-
genetic studies identify a highly polygenic architecture rather than one “ADHD gene” (Faraone & Larsson, 2019; PMID
29892054; Demontis et al., 2023; PMID 36702997). A 2025 genome-wide meta-analysis of childhood symptoms and
diagnosis adds loci and plausible effector pathways (van der Laan et al., 2025; PMID 40962958). These findings do not
imply determinism, immutability, or a purely biological essence. They do directly contradict the broad claim that ADHD
is not inherited or that familial clustering merely transmits family conditions.
Adverse childhood experiences, prenatal stress, postpartum depression, poverty, and racialized stress are associated with
ADHD symptoms or diagnosis in observational research (e.g., Zhang et al., 2022; PMID 36068993; Christaki et al., 2022;
PMID 36096371; Manzari et al., 2019; PMID 31324962). Yet association can reflect causal exposure, inherited liability,
gene–environment correlation, reciprocal effects, measurement, healthcare access, and residual confounding in different
proportions. Genetically informed work has qualified simple maternal-stress interpretations (Eilertsen et al., 2021; PMID
32338109).
Trauma can produce distractibility, hyperarousal, sleep disruption, dissociation, avoidance, and executive impairment.
These can coexist with ADHD or mimic aspects of it. It does not follow that tuning out is generally an emotional defense
that becomes ADHD. That account may fit some biographies; it is unsupported as a general etiology.
Reversibility also requires precision. ADHD symptoms can remit, recur, or become less impairing; environment and treat-
ment matter. The MTA longitudinal analysis found fluctuating trajectories and relatively uncommon sustained recovery,
not universal fixed persistence and not universal reversibility (Sibley et al., 2022; PMID 34384227). Neuroplasticity means
systems can change; it does not guarantee eradication of polygenic liability or permanent recovery after relational repair.

Maté claim audit

Consequential proposition Contemporary assessment Evidence that supports part of it Evidence that resists it Lecture use

A life history is essential; DNA
alone is insufficient

well supported with qualification biopsychosocial assessment;
adversity and developmental
context

strong inherited liability makes
an either/or frame misleading

keep

ADHD is not inherited substantially contradicted none adequate for categorical
denial

twin, family, GWAS,
rare-variant and consensus
evidence

replace with probabilistic
polygenic account

ADHD is a reversible
developmental delay, not a
disorder

partly supported but
overgeneralized

developmental change and
episodic remission

fluctuating persistence;
sustained recovery uncommon
in long follow-up

present as contested hopeful
framing

ADHD originates in infancy plausible but underspecified prenatal and early
developmental liability

no single origin or
developmental mechanism

qualify

Multigenerational stress and
social conditions are the root

associations supported; causal
exclusivity contradicted

adversity, prenatal stress,
postpartum depression,
socioeconomic gradients

genetic transmission,
gene–environment correlation,
bidirectionality

preserve context, reject singular
root

No scan or blood test diagnoses
ADHD

well supported current diagnostic and
biomarker literature

no validated routine standalone
biomarker

keep

Genes predispose rather than
predetermine

well supported polygenic-probabilistic model becomes misleading only if used
to minimize inherited effect

keep

Rising diagnoses disprove
genetics

invalid inference diagnosis rates can change recognition, criteria, access,
ascertainment and service use
can change faster than genes

omit/correct

Social experience shapes the
developing brain

broadly supported experience-dependent
development

“social product” erases
endogenous biology and
nonsocial exposures

keep with bidirectional framing

Animal stress/dopamine findings
establish human ADHD
causation

mechanistically overextended animal studies can show
plausible pathways

translation, construct validity,
and human dopamine evidence
do not support a unitary chain

omit as proof

Familial clustering reflects
repeated conditions, not
transmission

contradicted families transmit environment
too

genetically informative and
molecular evidence

correct explicitly

Distractibility begins as
emotional defense

primarily clinical interpretation;
unsupported generally

trauma-related attention
disruption exists

not necessary or sufficient for
ADHD

use only as individual
formulation, never general cause
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Consequential proposition Contemporary assessment Evidence that supports part of it Evidence that resists it Lecture use

Optimal conditions would
prevent ADHD in sensitive
children

untestable counterfactual
certainty

support can reduce impairment persistent liability occurs in
supportive settings; “never”
cannot be established

retain hope, remove certainty

Medication can help but is not
the complete answer

clinically reasonable guideline-based multimodal care medication may appropriately be
first-line by age/severity

keep

Family stress should always be
addressed before child
medication

too categorical first-line parent/classroom
treatment in preschool;
nonblaming family assessment

sequencing differs by age and
severity; family dysfunction
must not be presumed

qualify by guideline and
individual need

209 Phenomenological value versus causal overreach
Phenomenology answers what an experience is like and how it is organized. Etiology asks what generated the disorder
across people. A causal model can be wrong while a phenomenological observation remains useful. A person may indeed
“tune out” during conflict, experience work only when urgency becomes overwhelming, or carry shame from repeated
misunderstanding. Therapy can address those patterns even if they did not cause ADHD.
This distinction protects compassion from becoming blame. If attachment rupture is presented as the general cause, parents
can hear accusation and adults can feel required to discover hidden trauma. If genetics is presented as destiny, people can
hear that learning and environment are irrelevant. The contemporary model is neither: inherited and developmental liability
is substantial; environmental exposures, relationships, sleep, opportunity, and treatment modify expression and outcome;
causal proportions cannot be inferred for one person from population estimates.

210 Huberman’s DMN and task-network anatomy
The September 2021 Huberman Lab episode and July 2025 “Essentials” reprise offer an intuitively strong story: the default-
mode and task networks should alternate, dopamine acts as a conductor, and ADHD reflects inappropriate coordination.
The problem is not that network coordination is irrelevant. The problem is anatomical and evidential overprecision.
At approximately 00:26:40 in the 2021 episode, the account presents healthy anticorrelation and ADHD coupling with
dopamine as conductor. The transcript also assigns dorsolateral prefrontal cortex to the DMN and medial prefrontal cortex
to the task network, reversing standard network anatomy. Moreover, “task-positive network” collapses FPN, DAN, VAN,
salience, cingulo-opercular, motor, and context-specific configurations.
Large-sample evidence supports a small average alteration in DMN–task/attention segregation in ADHD (Norman et al.,
2023; PMID 36100657), building on earlier cingulate–precuneus work (Castellanos et al., 2008; PMID 17888409). It
does not validate a binary switch, an individual biomarker, maximal DMN suppression as the goal, or dopamine as a
directly demonstrated master conductor. The 2025 Essentials reprise at approximately 00:05:22 retains the simplified
causal framing.
Lecture decision: replace the public network model with a coordination account involving multiple systems, state, devel-
opment, task context, and small group effects. Preserve the intuition that transitions matter; remove the false anatomy and
causal certainty.

211 Huberman on dopamine and stimulants
At approximately 00:32:57 in the 2021 episode, a 2015 Spencer paper is described as formalizing a low-dopamine ADHD
hypothesis and explaining irrelevant neuronal firing. Spencer and colleagues reviewed direct prefrontal actions of psychos-
timulants; the paper did not originate or validate a unitary low-dopamine cause (PMID 25499957). A 2024 critical review
finds robust dopamine involvement but limited evidence for a global hypodopaminergic state (MacDonald et al.; PMID
39619336).
The May 2023 episode is more reliable when distinguishing drug classes: methylphenidate primarily blocks catecholamine
transporters; amphetamine is a transporter substrate and promotes release/reverse transport; lisdexamfetamine is a prodrug
with delayed conversion. These distinctions belong in the lecture. The phrase “dopamine reduces noise and norepinephrine
amplifies signal” (approximately 00:40:10) can be retained only as a pedagogical metaphor for some prefrontal models, not
a literal clean division across the brain.
The episodes correctly distinguish supervised therapeutic use from rapid, high-dose, or nonmedical exposure and discuss
rare psychosis risk, growth, and cardiovascular monitoring. Population studies do not support the general claim that pre-
scribed treatment causes later substance use disorder, while diversion and nonmedical use remain real. Comparative cohort
evidence found new-onset psychosis rare but more frequent with amphetamine than methylphenidate (Moran et al., 2019;
PMID 30893533).
The recurrent statement that stimulants “teach the brain how to focus” is stronger than the evidence. Acute efficacy is well
established (Cortese et al., 2018; PMID 30097390), and medication may make practice easier. But neither efficacy trials
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nor observational safety studies demonstrate a durable attention-circuit training effect after discontinuation. This is exactly
the learning-corridor hypothesis identified in Part XIV: testable, clinically plausible, not established.

212 Attentional blinks, visual-focus exercises, and the “17-minute” claim
The 2021 episode links spontaneous blinking, dopamine, time perception, attentional gaps, visual focus, and a single
approximately 17-minute interoceptive practice. The evidential chain does not support the strongest public conclusion.
Terhune and colleagues reported time-estimation changes around spontaneous blinks in a laboratory paradigm (2016; PMID
27269720). That does not validate blink rate as a specific dopamine biomarker, show that manipulating blinks treats ADHD,
or establish durable clinical change. A small school-based fixation-focus activity study reported attention improvement in
elementary students (Lai et al., 2020; PMID 32635159). It did not show that one 17-minute meditation permanently rewires
attention, generalize to diagnosed ADHD across ages, or test the same intervention described in the podcast.
The 2025 Essentials reprise again combines attentional blinks, openmonitoring, panoramic vision, and visual-focus training.
Lecture decision: these may be presented as interesting experimental or self-regulation practices, but not as established
ADHD treatments and not with permanent-effect language.

213 Omega-3, modafinil, meditation, and smartphones
Evidence tiers must remain visible.
Omega-3 fatty acids. A meta-analysis supports at most a small average symptom effect, substantially below established
stimulant effects; formulation and EPA dose vary (Bloch et al., 2011; PMID 21961774). It may be discussed as an adjunct
with modest expectations, not a medication substitute.
Modafinil. Pediatric trials produced efficacy signals, but an adult nine-week dose-finding trial was negative (Arnold et
al., 2014; PMID 22617860), and modafinil is not a standard first-line ADHD treatment. Healthy-volunteer cognitive-
enhancement findings cannot be used as ADHD efficacy evidence. Safety and regulatory status must be explicit.
Meditation. ADHD-specific mindfulness evidence is heterogeneous and active-comparator results are not clearly superior;
the single-session “permanent” claim is unsupported. A reasonable attention practice is not automatically a validated
treatment.
Smartphones. Longitudinal evidence supports small, complex, sometimes bidirectional associations between problematic
digital-media use and ADHD symptoms (Thorell et al., 2024; PMID 36562860). A 2026 within-person adolescent study
reported small and time-limited bidirectional associations rather than proof that smartphones create ADHD (Nagata et
al., 2026; DOI 10.1001/jamanetworkopen.2026.23748). Reducing problematic use may improve sleep, distraction, and
functioning. It should not be sold as reversal of an adult-onset disorder caused by the phone.

15.8A Additional Huberman episodes: dopamine, time, focus tools, working memory, and clinical
management

The broader episode stream changes the audit in two useful ways. First, it shows that the public model is not confined
to one ADHD episode: the same dopamine, timing, focus-training, and circuit-plasticity propositions recur across years.
Second, later episodes sometimes introduce better distinctions—especially therapeutic versus nonmedical stimulant expo-
sure and treatment pluralism—while still placing interventions with radically different evidence bases in one practical-tool
vocabulary.
Dopamine peaks, baselines, and stimulant context. The 27 September 2021 dopamine episode describes “dopamine
peaks” and “baseline dopamine” as an accessible regulatory system and labels stimulant-driven dopamine elevation at
01:19:45 as potentially counterproductive for work, exercise, and attention. At 01:27:57 it explicitly separates ADHD
prescriptions from non-prescription use. The separation is scientifically essential; the generic counterproductive claim is
not. Randomized evidence establishes average short-term therapeutic efficacy of licensed stimulants in ADHD (Cortese
et al., 2018; PMID 30097390), while PET work shows that oral therapeutic methylphenidate occupies DAT and changes
extracellular dopamine without implying a global “dopamine tank” (Volkow et al., 1998, PMID 9766762; Volkow et al.,
2001, PMID 11160455). Rapid, high-dose, and nonmedical exposure differs in pharmacokinetics, risk, and purpose. “Peak”
and “baseline” can be teaching labels, but they are not single brain-wide quantities a listener can reliably feel, reset, or
optimize.
Time as a transmitter-controlled frame rate. The 15 November 2021 episode links approximately 90-minute work bouts
to ultradian chemistry at 00:25:00 and, at 00:34:40, presents dopamine and norepinephrine as producing time overestimation
through a higher internal “frame rate.” ADHD research does support average timing differences, with task, age, interval,
and modality heterogeneity (2022 child/adolescent meta-analysis, PMID 33302769; 2023 adult review, PMID 36833791).

125



FLOW HIJACKED · ADHD INTO THE TASK

It does not establish a one-transmitter clock, a universal ninety-minute ceiling on waking focus, or a fixed catecholamine-
depletion schedule. The frame-rate account should therefore be identified as a metaphor and broader mechanistic proposal,
not used to diagnose ADHD or prescribe a universal work cycle. The spontaneous-blink finding remains a narrow laboratory
result, not a dopamine meter (Terhune et al., 2016; PMID 27269720).
The 2022 focus toolkit. At 00:09:37 the episode offers an “arrow” model in which epinephrine supplies alertness, acetyl-
choline supplies direction, and dopamine supplies persistence. This is memorable but anatomically and pharmacologically
nonexclusive: all three systems have receptor-, region-, dose-, and state-dependent actions, and attention emerges from in-
teracting cortical, subcortical, sensory, and motor systems. At 00:18:11 and 00:20:54, binaural beats and colored noise are
proposed as focus or transition tools; at 01:01:19, brief daily meditation is proposed as refocusing practice; and at 01:36:50,
prescriptions are again linked to training attention circuits and possibly reducing later dosage. A healthy-volunteer study,
an acute laboratory effect, and a clinical ADHD treatment trial answer different questions. ADHD-specific mindfulness
findings are heterogeneous and an active-comparator RCT did not establish superiority over psychoeducation (Janssen et
al., 2019; PMID 29356899). The general cognitive-training literature shows clearer near transfer than durable far transfer
(Westwood et al., 2023; PMID 36977764). No cited evidence establishes that binaural beats, colored noise, gaze practice,
or brief meditation treats core ADHD, nor that stimulant exposure durably trains attention circuitry so medication can later
be reduced. Reasonable self-regulation experiments should not be relabeled as validated disorder treatment.
Working memory as a dopamine assay. The 29 January 2024 episode pairs a working-memory test at 00:20:04 with
striatal dopamine mechanisms at 00:27:02, and its official summary says memory tasks can be used to determine “baseline
dopamine levels” in certain circuits. A group-level association between working-memory capacity and dopamine synthesis
is not an individual biochemical assay. Working memory is affected by strategy, sleep, anxiety, practice, age, task design,
and multiple transmitter systems; dopamine effects are often nonlinear and baseline-dependent. A 2022 meta-analysis sup-
ports an inverted-U relation between prefrontal dopamine/D1 signaling and working memory across experimental evidence
(PMID 35389678), but it does not allow a person’s latent dopamine concentration to be inferred from one score. Lecture
decision: retain the inverted-U principle; reject “test your dopamine” as a clinical or self-measurement claim.
The 2025 John Kruse ADHD episode. This guest episode is clinically broader than the earlier solo accounts. Its official
chapters cover genetic and environmental contributions (00:05:37), interest and hyperfocus (00:14:26–00:27:39), regular
sleep timing (00:42:21), stimulant and psychiatric risk (01:04:32–01:26:06), fish oil (01:43:28), CBT (01:52:56), neuro-
feedback and video games (01:57:52), alpha-2 agonists (02:02:26), modafinil (02:10:13), and drug holidays/formulations
(02:19:02). The lecture should preserve that plurality but reimpose the evidence hierarchy. Sleep is a clinically important
state modifier, not a singular cause or cure (PMID 33402013; PMID 38738544). ADHD-adapted CBT has replicated adult
symptom and selected functional benefit (PMID 20736471; PMID 29566425). Omega-3 has a small average adjunctive sig-
nal, not stimulant-equivalent efficacy (PMID 21961774). Probably blinded neurofeedback evidence is substantially weaker
and recent synthesis finds essentially null average core-symptom benefit (PMID 39661381); a video-game study in older
adults is not ADHD treatment evidence. Hyperfocus remains an emerging, non-diagnostic construct without a demon-
strated dopamine signature (PMID 30267329). Long-duration cardiovascular associations require monitoring and cautious
causal language rather than either alarm or reassurance without horizon (PMID 37991787; 2025 network meta-analysis
PMID 40203844).

Huberman claim-to-primary-source map

Episode anchor Public claim Primary/newer evidence Audit Lecture decision

2021, 00:07:56 strong genetics plus roughly half
“age out”

Faraone 2019; Sibley 2022; van
der Laan 2025

genetic point strong; sustained
recovery is less common and
trajectories fluctuate

revise

2021, 00:14:57–00:20:00 hyperfocus, time, and
working-memory difficulty
characterize ADHD

consensus and emerging
hyperfocus work

recognizable, heterogeneous;
hyperfocus is not diagnostic

keep with qualification

2021, 00:24:10 dopamine is the neurochemical
identity of focus

Spencer 2015; MacDonald 2024 dopamine modulates several
relevant processes; attention has
no single transmitter identity

revise

2021, 00:26:40 dopamine alternates DMN and
task network; ADHD loses
anticorrelation

Castellanos 2008; Norman 2023 small group effect; anatomy and
binary-switch account
oversimplified

replace with multi-network
evidence

2021, 00:32:57 Spencer 2015 formalized low
dopamine

Spencer 2015; MacDonald 2024 citation attribution inaccurate;
global deficiency not established

correct explicitly

2021, 00:37:10 sugar/stimulant preference is
dopamine self-medication

critical dopamine review post hoc, nonspecific, not a
diagnostic probe

omit

2021, 00:49:18; Essentials
00:14:33

stimulants teach children’s
brains to focus

medication efficacy and
longitudinal literature

possible learning facilitation;
durable disease modification not
shown

hypothesis only

2021, 00:56:35 elimination diets help responsive
subgroup

INCA and nonpharmacological
review

some evidence, but burden,
blinding, nutrition, and
generalizability limit use

qualify and require supervision
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Episode anchor Public claim Primary/newer evidence Audit Lecture decision

2021, 01:04:46 omega-3 improves focus/reduces
medication need

Bloch 2011 small average adjunctive effect;
replacement claim unsupported

qualify

2021, 01:16:56 one 17-minute practice produces
near-permanent focus change

Lai 2020 study design and effect duration
do not support claim

omit

2021, 01:22:50–01:33:40 blink manipulation trains
dopamine-linked attention

Terhune 2016 association, proxy, and treatment
efficacy conflated

omit as treatment

2021, 01:41:15–01:51:45 modafinil is an ADHD focus
alternative

pediatric signals; negative adult
trial

nonstandard, mixed evidence,
regulatory context

contextual note only

2021, 01:56:19–02:01:23 precursors/nootropics improve
focus

no adequate ADHD clinical base biochemical plausibility is not
efficacy

omit

2021, 02:09:14; Essentials
00:35:18

smartphones induce ADHD Thorell 2024; Nagata 2026 small/bidirectional symptom
associations; causation and
diagnosis overstated

general digital hygiene only

Dopamine 2021,
00:09:58–00:15:30

dopamine level is framed as the
primary determinant of
motivation and drive, organized
through two main circuits

direct ADHD PET (PMID
20856250); critical review
(PMID 39619336)

some regional dopamine
measures associate with
motivation at group level; no
global level or two-circuit
account explains motivation
across people

revise to regional, receptor-,
state-, and task-dependent
modulation

Dopamine 2021, 00:36:58;
01:19:45–01:27:57

repeated “peaks” lower a
dopamine baseline;
stimulant-induced spikes may be
counterproductive or produce
harmful rewiring

oral-MPH PET (PMIDs
9766762, 11160455); efficacy
NMA (PMID 30097390);
12-month DAT study (PMID
23696790)

“peak/baseline depletion” is not
a validated quantitative law for
treated ADHD; route, dose,
formulation, and supervision
matter

split high-dose/nonmedical risk
from therapeutic oral treatment;
do not infer permanent rewiring

Time 2021, 00:25:00 waking focus follows universal
approximately 90-minute bouts
because acetylcholine/dopamine
availability falls

sleep/circadian syntheses
(PMIDs 28064405, 29477617,
31629217)

the syntheses support
sleep/circadian interaction, not
an exact waking clock or
transmitter-depletion
mechanism

present, if at all, as a flexible
pacing heuristic

Time 2021, 00:34:40–00:39:10 dopamine/NE causes time
overestimation, serotonin
underestimation, through a
“frame-rate” mechanism

timing EEG and meta/reviews
(PMIDs 29391481, 22922163,
33302769, 36833791)

ADHD timing differences are
heterogeneous; the clean
transmitter-direction rule is not
established

omit as ADHD mechanism; at
most label an illustrative
hypothesis

Toolkit 2022, 00:09:37 “arrow model”: LC epinephrine
supplies alertness, acetylcholine
target selection, and dopamine
persistence

LC-NE and catecholamine
syntheses (PMIDs 16022602,
17448997, 21531388)

LC is primarily noradrenergic;
one-transmitter/one-function
mapping is a mnemonic, not
established anatomy

keep only as an explicitly
corrected metaphor

Toolkit 2022, 01:01:19;
01:16:46–01:20:42;
01:36:50–01:39:19

meditation/refocusing, visual
gaze, and medication train focus
circuits, ideally allowing later
dose reduction

active-comparator mindfulness
RCT (PMID 29356899); fixation
study (PMID 32635159);
treatment-imaging review
(PMID 39098738)

practices may aid reorientation;
ADHD efficacy and mediation
remain limited; medication
efficacy does not show durable
circuit training or expected dose
reduction

separate self-regulation practice
from validated treatment;
learning-corridor claim remains
a hypothesis

2023, 00:21:29–00:36:36 amphetamine, lisdexamfetamine,
and methylphenidate
mechanisms differ

pharmacology and comparative
trials

high-level distinction sound keep

2023, 00:40:10 dopamine removes noise;
norepinephrine amplifies signal

prefrontal catecholamine models useful metaphor, not transmitter
law

label metaphor

2023, 00:54:48–00:58:06 childhood treatment does not
raise addiction risk and shapes
circuits

within-person
substance-outcome studies

safety inference broadly
supported; circuit-shaping claim
stronger

split claim

2023, 01:13:28 growth and cardiovascular risks
are monitorable

MTA growth; Farhat 2025 generally small averages do not
remove individual risk

keep with monitoring

2023, 01:27:45–01:38:20 therapeutic and nonmedical
exposure differ

Moran 2019; Chang 2014;
Quinn 2017

important and supported
distinction

keep

Working Memory 2024,
00:20:04; 00:27:02; 00:36:13

working-memory tasks can
determine a person’s baseline
dopamine in selected circuits

inverted-U review/meta-analysis
(PMIDs 21531388, 35389678);
healthy PET-fMRI (PMID
40127280)

group associations and baseline
moderation do not validate an
individual behavioral dopamine
assay

reject self-assessment inference;
retain baseline-dependence
concept

Kruse 2025, 00:05:37; 00:20:40 genetics/environment,
diagnostic trends, and
social-media distractibility are
discussed together

ADHD GWAS/heritability
(PMIDs 30478444, 36702997,
29892054); digital-media review
(PMID 36562860)

polygenic liability and
environmental modulation
coexist; diagnosis rates and
digital exposure do not
adjudicate etiology

keep only with incidence/ascer-
tainment/causation separated

Kruse 2025, 00:27:39 hyperfocus and flow are treated
as ADHD phenomenology

hyperfocus studies (PMIDs
30267329, 39169147,
37878578)

self-report and emerging
measurement support a
phenomenon, but definitions
vary and no neural signature is
established

keep as emerging,
non-diagnostic phenotype; FH
allocation/release account is
synthesis

Kruse 2025, 00:42:21–00:48:06 regular sleep timing is an
essential tool; stimulants affect
sleep

stimulant/sleep meta-analysis
and reviews (PMIDs 26598454,
29477617, 38738544)

sleep is bidirectionally related
and medication effects vary by
person and formulation

keep; do not imply sleep hygiene
universally treats core ADHD

Kruse 2025, 00:56:35–01:04:32;
01:18:03–01:26:06

childhood medication, addiction,
psychosis, and adult
cardiovascular risk form one
medication-risk arc

substance outcomes (PMIDs
25158998, 28659039);
psychosis comparison (PMID
30893533); cardiovascular
studies (PMIDs 37991787,
40203844)

prescribed treatment, diversion,
class-specific rare psychosis,
mean short-term changes, and
cumulative risk are distinct
questions

split into three claims; report
absolute risk, class, monitoring,
and timescale
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Episode anchor Public claim Primary/newer evidence Audit Lecture decision

Kruse 2025, 01:52:56–02:02:26 CBT/task lists, video games, and
neurofeedback are behavioral or
technology options

adult-CBT RCT (PMID
20736471); WM-training RCT
(PMID 24117656);
neurofeedback meta-analysis
(PMID 39661381)

adult ADHD-CBT has
meaningful evidence; far
transfer is limited; probably
blinded neurofeedback
core-symptom effects are
essentially null on average

do not flatten these into
equivalent “brain-training” tools

Essentials, 00:27:43–00:34:21 medication, omega-3, modafinil,
and supplements form one
focus-tool sequence

unequal evidence bases visual/rhetorical flattening
obscures clinical hierarchy

separate by evidence tier

Timestamps in this table are retained only where they were verified in the acquired public transcript/episode source map.
They are episode locators, not independent evidence.

214 The reusable audit chain
For every public claim, the lecture should display five questions:

1. What exactly was said? Preserve scope, population, endpoint, and certainty.
2. What mechanism is proposed? Do not infer a mechanism the speaker did not state.
3. What did the cited study actually test? Inspect population, intervention, comparator, outcome, and time horizon.
4. What happened afterward? Search replication, larger studies, meta-analysis, contradiction, and methodological crit-

icism.
5. What is the lecture decision? Keep, qualify, replace, omit, or use only as a labeled hypothesis.

This process is not unique to Maté or Huberman. It is how the lecture should audit its own Flow Hijacked concepts.

215 What guidelines recommend—and what mechanistic neuroscience does not
decide

Clinical guidelines integrate efficacy, harm, feasibility, developmental stage, patient preference, and healthcare context. A
network model cannot determine first-line care by itself. Even if a drug reliably shifted a network measure, that would not
settle benefit–harm balance or patient values.
Authority and status at 8
September 2026

Age scope and first medication
sequence Psychosocial and combined care

Monitoring and cardiovascular
safeguards

Substance use, comorbidity, and
long-horizon boundary

American Academy of
Pediatrics: 2019 CPG, 2020
erratum; no superseding AAP
CPG located

ages 4–6: evidence-based
parent/teacher behavior
management first;
methylphenidate may follow if
serious impairment persists.
Ages 6–18: an approved
medication is recommended
within behavioral, classroom,
and school support

combined care is recommended
when outcomes span symptoms
and functioning

titrate to maximum benefit with
tolerable adverse effects;
monitor vital signs, growth
where relevant, adverse effects,
and comorbidity

assess adolescent substance use
and diversion; pediatric only,
and the evidence search predates
recent syntheses (Wolraich et al.,
2019; PMID 31570648)

NICE NG87: published 2018,
last updated 2019; live at cutoff

children: methylphenidate is
generally first medication after
persistent significant impairment
despite environmental
modification; adults:
methylphenidate or
lisdexamfetamine first-line, with
age-specific switching

environmental modification and
condition-specific support;
parent training or
ADHD-focused psychological
treatment according to need and
preference

baseline physical and
cardiovascular assessment;
monitor pulse, blood pressure,
weight/height where relevant,
benefit, adverse effects, and
ongoing need

assess diversion and coexisting
conditions; unchanged
publication status is not a 2026
evidence update; reconfirm
revision history before
publication

Australian AADPA: first
edition 2022; current major
national guideline located

lifespan approach; medication
and nonpharmacological
treatment selected by age, needs,
impairment, preference, and
regulation rather than one
universal sequence

CBT, parent, organizational,
educational, workplace, and
environmental supports within
individualized multimodal care

shared decisions plus continuing
physical, mental-health,
adherence, and adverse-effect
monitoring

addresses co-occurring
substance-use disorders and
specific populations; certainty
varies across recommendations
(overview PMID 37254562)

CADDRA 4.1: January 2020
remained the available full
guideline; the July 2026
medication chart is not a new
edition

across the lifespan; long-acting
stimulants are commonly
first-line, with nonstimulants
and alternatives individualized

psychoeducation, functional
supports, and psychosocial care
accompany medication as
needed

routine blood pressure/pulse,
growth where relevant, sleep,
adverse-effect, adherence, and
functional review

diversion, substance-use
disorder, and comorbidity
require explicit planning; the
older evidence base needs
supplementation

European adult consensus:
influential 2019 statement, not a
binding pan-European CPG

adults; stimulant or
nonstimulant medication is a
major component after
developmental and differential
assessment, selected by clinical
context

psychoeducation and
disorder-focused CBT/skills
treatment within multimodal
care

cardiovascular and psychiatric
review, treatment-response
monitoring, and service
continuity

childhood history, common
comorbidity, substance use, and
transition failures are central;
national rules differ (Kooij et al.,
2019; PMID 30453134)
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Authority and status at 8
September 2026

Age scope and first medication
sequence Psychosocial and combined care

Monitoring and cardiovascular
safeguards

Substance use, comorbidity, and
long-horizon boundary

European ADHD Guidelines
Group: active synthesis
program, not one 2026 guideline

informs medication and
nonpharmacological decisions
by age and outcome rather than
issuing a single national
sequence

emphasizes probably blinded
outcomes when judging
nonpharmacological care and
supports individualized
multimodality

evaluates adverse effects and
evidence quality across
topic-specific reviews

diversion/substance use and
comorbidity are handled in
relevant reviews; a living
research portfolio is not a
comprehensive current CPG
(PMID 34677682)

Scottish CR235: 2023 adult
good-practice guidance

adults; provides assessment,
medication selection, and
titration pathways in Scottish
practice

practical and psychological
supports; individualized
combined care

physical monitoring, shared care,
and local prescribing
arrangements

addresses adult comorbidity,
substance use, and services; read
with NICE and local
formularies; good-practice
report rather than a separately
evidence-graded national CPG

German AWMF S3 ADHD
guideline: previous version
expired in 2022; revision still in
progress at cutoff

across the lifespan historically;
the expired sequence must not
be presented as a current
recommendation

historical psychotherapy and
combined-care
recommendations only pending
the revision

current monitoring language
must be checked against the
eventual revision

status row prevents silent use of
an outdated guideline; no 2026
recommendation is inferred
from the registry entry

NHS England Independent
ADHD Taskforce, Part 1: 2025
service report, not a treatment
CPG

across the lifespan at
service-system level; addresses
access and pathways rather than
replacing NICE medication
recommendations

system-level support, not a
comparative psychotherapy or
combined-treatment
recommendation

service monitoring and pathway
quality rather than a
drug-monitoring protocol

equity, access, and system
pressure are central; keep
service reform separate from
clinical-efficacy and mechanistic
evidence

Guidelines converge on structured assessment, developmental and differential diagnosis, monitoring, shared decisions, and
multimodal support. They differ in sequencing by age, severity, availability, and regulatory context. Long-term follow-
up means repeated review of benefit, burden, functioning, physical health, comorbidity, adherence, diversion risk, and
continuing need—not a presumption of indefinite continuation or routine discontinuation. The lecture must distinguish a
guideline recommendation from a claim about neural mechanism—and must state that educational material is not individ-
ualized medical advice.

How to audit an explanatory authority
Public explanations are valuable because they organize experience, provide language, and motivate inquiry. Their persua-
sive force, however, can exceed the evidence behind individual claims. A responsible audit separates phenomenological
accuracy, mechanistic plausibility, causal evidence, treatment recommendation, and philosophical framing. A speaker can
be insightful about lived experience while overstating a biological mechanism; a scientifically correct mechanism can still
be irrelevant to the practical advice attached to it.
For Maté, the key distinction is between the clinical importance of stress, attachment, and emotional environment and
the stronger claim that those factors primarily cause ADHD relative to inherited liability. For Huberman, the task is to
trace claims about dopamine, networks, stimulants, visual focus, supplements, meditation, or smartphone use to the actual
population, intervention, and outcome studied. Absence of a recoverable primary source lowers confidence; it does not
justify ridicule.
Guidelines occupy another authority layer. They integrate efficacy, safety, feasibility, values, and health-system constraints.
They tell clinicians what is recommended under specified conditions, not which neural theory has been proven. The lec-
ture therefore preserves three maps: what public narratives say, what primary studies show, and what clinical guidance
recommends.

Public explanation, scientific evidence, and clinical guidance carry different authority
Public educators and clinicians can identify experiences that formal research has neglected. A vivid description of interest-
based attention, shame after inconsistency, or the role of family stress may help people recognize patterns and ask better
questions. Phenomenological usefulness does not, however, establish a developmental cause, molecular mechanism, or
treatment effect. The lecture must preserve the insight while auditing the inference.
For Gabor Maté, the central distinction is between a compassionate developmental interpretation and contemporary causal
evidence. Attachment, stress, attunement, and emotional environment matter for regulation and wellbeing. Current genetics
and developmental research does not support replacing substantial heritable liability with a primarily attachment-based
origin story for ADHD. A proposition can therefore be clinically resonant, partially supported at one level, and in tension
with evidence at another.
For Andrew Huberman, the task is claim-to-source reconstruction. Mechanistic explanations about dopamine, visual focus,
attentional blinks, meditation, omega-3 fatty acids, smartphones, stimulants, or modafinil should be traced to the exact study
population, design, endpoint, and dose. Animal work, healthy-volunteer experiments, correlational technology studies, and
ADHD treatment trials answer different questions. A plausible protocol does not become an ADHD therapy because it
shares a neurotransmitter vocabulary.
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Guidelines carry another form of authority. They integrate efficacy, safety, feasibility, values, age, monitoring, and health-
system constraints. A first-line recommendation is not proof of a singular neural mechanism, and a mechanistically in-
teresting intervention may remain absent from guidelines because evidence is preliminary or implementation is uncertain.
The lecture should state whether it is describing a guideline recommendation, an empirical effect, or a Flow Hijacked
interpretation.
Recency matters. A canonical model can remain useful while newer meta-analysis reduces its effect size, identifies het-
erogeneity, or exposes dependence on method. Citation count signals influence, not reliability. Highly cited work should
anchor historical development, while preregistered, larger, longitudinal, and better-controlled research tests what survived.
Null findings deserve the same narrative visibility when they change the claim boundary.
The decision rule is simple but demanding. Keep a public claim when it is accurate, useful, and properly scoped. Qualify
it when the underlying evidence supports only part of the mechanism. Remove it when the effect is unreplicated, clinically
irrelevant, or dependent on a category error. When the phenomenology remains valuable but causation is uncertain, say
exactly that.
This audit is not an exercise in dismissal. It is a way to respect both the audience and the source. A humane story becomes
stronger when it does not need to impersonate settled neuroscience, and scientific evidence becomes more usable when it
remains connected to the experiences that made the question matter.

A claim audit worked from sentence to lecture decision

Begin with a public sentence such as “stimulants train the brain to focus.” The phrase contains at least four claims: med-
ication improves performance; the improvement reflects learning rather than acute state change; the learning changes the
brain; and the change persists beyond exposure. Each requires different evidence. Acute randomized efficacy cannot by
itself establish durable training.
The audit then retrieves the closest primary studies and identifies population, treatment, duration, comparator, and end-
point. Evidence in healthy adults cannot automatically answer a pediatric ADHD treatment question. A rodent synaptic
mechanism can motivate a hypothesis but not establish functional development in children. An observational association
between treatment history and later outcome remains vulnerable to treatment selection and confounding by severity.
Newer evidence is used to update, not merely decorate, the anchor. A later meta-analysis may support short-term efficacy
while finding limited evidence for a proposed mechanism. A large cohort may constrain a rare safety risk without resolv-
ing individual causality. A null imaging trial may show that clinical improvement does not require the expected network
signature. The conclusion should reflect the joint pattern.
The final lecture decision has several options: retain the claim, narrow it, present it as a hypothesis, use only its phenomeno-
logical insight, or omit it. “Medication may create conditions in which practice is easier” is a plausible, testable formulation.
“Medication permanently teaches the developing attention system” is stronger and requires direct longitudinal evidence.
The same procedure applies to claims about attachment, visual focus exercises, omega-3 supplementation, smartphone
fragmentation, or the DMN. The goal is not to strip the lecture of intelligible language. It is to ensure that every accessible
sentence has an evidence boundary strong enough to survive scrutiny.

Public translation needs a chain of custody

For every memorable statement, retain the population, intervention or exposure, comparator, outcome, time horizon, and
uncertainty of the underlying study. A plausible mechanism is not a clinical effect, an association is not a cause, and a
recommendation is not proof of one neural pathway. This chain lets the lecture preserve useful phenomenology from Maté
and useful explanatory prompts from Huberman while allowing primary and updated evidence to determine the scientific
wording.
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Part proposition
A synthesis earns trust by surviving evidence that could make it smaller. The contradiction chamber is not a ceremonial lim-
itations slide. It is where the lecture asks whether its preferred network-dynamics story is identifiable, replicated, clinically
meaningful, and more explanatory than alternative accounts.

216 No single diagnostic neural biomarker
ADHD remains a clinical diagnosis. Structural MRI, task fMRI, resting connectivity, EEG, PET, cognitive tasks, and
polygenic scores reveal group-level information and research mechanisms. None currently supplies sufficiently accurate,
reliable, generalizable, and externally validated standalone diagnosis for routine practice.
This should not be misheard as “there is no biology.” A distributed developmental condition can have robust population-
level biological associations while retaining large overlap between diagnosed and non-diagnosed individuals. Heterogeneity,
measurement noise, developmental change, comorbidity, and multiple causal routes make a single marker unlikely.
Machine-learning classification must be evaluated out of sample, across scanners, sites, demographic groups, and realistic
clinical differentials—not only case–control extremes. Leakage, site confounding, and flexible feature selection can make
internal accuracy look clinically mature when it is not. Biomarker reviews and consensus statements preserve the diagnostic
boundary (Faraone et al., 2021; PMID 33549739; Chen et al., 2023; PMID 36970271).

217 Small distributed effects and large individual overlap
Suppose one network metric is Gaussian in ADHD and controls with equal variance and standardized mean difference
𝑑. Under that idealized model, the probability that a randomly selected ADHD observation exceeds a randomly selected
control observation is

AUC = Φ( 𝑑√
2

) ,

where Φ is the standard normal cumulative distribution. If 𝑑 = 0.20, then AUC ≈ 0.556: a real group difference with
poor person-level discrimination. This illustrates why statistical significance in a mega-analysis does not yield an individual
explanation.
Large samples can recover subtle distributed effects that small studies miss. That is scientific progress. But the language
must shrink with the effect size. Norman and colleagues’ mega-analysis supports small average alterations compatible with
the default-mode interference hypothesis (2023; PMID 36100657); it does not show that every person with ADHD has an
intrusive DMN or that the metric diagnoses an individual.

218 Resting-state spatial nonconvergence
The resting-state literature reports differences involving default-mode, frontoparietal, attention, salience, striatal, thalamic,
cerebellar, and sensorimotor systems. Yet preregistered meta-analytic work has found limited spatial convergence across
studies (Cortese et al., 2021; PMID 32946973). This resists a story in which ADHD has one reproducible resting dyscon-
nectivity lesion.
Nonconvergence can arise from small samples, different atlases, seed selection, preprocessing, medication history, age,
motion handling, comorbidity, scanner effects, and genuine biological heterogeneity. It can also mean the hypothesized
effect is weaker or less spatially fixed than expected. One may not invoke heterogeneity only when a favored result fails.
The lecture should show both findings: standardized mega-analysis can recover subtle distributed group effects, while
coordinate/seed-level synthesis does not yield a stable singular locus. The joint conclusion is not “nothing” and not
“biomarker”; it is a small, distributed, method-sensitive signal.

219 Task findings can differ from resting state
Rest is an unconstrained condition, not a neutral baseline. Participants differ in thought content, arousal, fatigue, eye state,
recent experience, and motion. A task constrains some processes while adding performance, error, reward, and strategy
differences. The distributions are conditional on context:

𝑃(𝑋 ∣ 𝐷) = ∑
𝑐

𝑃(𝑋 ∣ 𝐷, 𝐶 = 𝑐)𝑃(𝐶 = 𝑐 ∣ 𝐷),

where 𝑋 is a neural metric, 𝐷 diagnostic group, and 𝐶 context. A marginal group effect can change or disappear when
context differs; opposite conditional effects can be obscured by averaging.
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Reports of reduced DMN suppression in low-engagement tasks coexist with preserved suppression or reduced group dif-
ferences under high incentive or medication. Naturalistic engagement can reveal effects absent at rest. The contradiction
is therefore discriminating: a static trait-lesion model predicts consistency; a context-sensitive coordination model predicts
interactions. But interaction predictions must be preregistered rather than retrofitted to every inconsistency.

220 Head motion as nuisance, phenotype-adjacent behavior, and selection bias
Small movements create structured changes in fMRI time series and can generate distance-dependent connectivity artifacts
(Power et al., 2012; PMID 22019881). ADHD studies face an unusually difficult version of this problem because motion
may correlate with age, hyperactivity, medication, discomfort, and task engagement.
Regressing motion parameters is not always sufficient. Scrubbing high-motion volumes, global-signal choices, ICA de-
noising, and minimum-data thresholds can materially change results. Yet aggressive exclusion can select a subgroup of
participants with ADHD who can remain still, producing a different bias. Motion is thus both artifact and phenotype-
adjacent behavior; imaging inference must separate them without pretending the separation is perfect.
Every network claim should report framewise displacement, group differences, retained data, censoring rules, sensitiv-
ity analyses, and whether state occupancy changes survive matched-motion analyses. Dynamic connectivity is especially
vulnerable because transient motion can resemble state transitions.

221 Medication history, washout, and vascular confounds
“Medication-free at scan” is not one condition. It can mean never treated, untreated for months, or withheld that morn-
ing. Prior chronic exposure may alter physiology or select responders; short washout can preserve pharmacodynamic or
behavioral effects; withdrawal, sleep, and expectation can also matter.
Pharmaco-fMRI adds vascular complexity. BOLD reflects neurovascular coupling, not neural firing directly. A drug can
change heart rate, blood pressure, respiration, vascular tone, or motion, influencing the signal even when neuronal action
is the scientific target. Acute crossover designs improve within-person control but cannot establish chronic reorganization;
longitudinal observational comparisons introduce indication and adherence confounding.
Therefore “normalization” must be indexed to onemeasure, task, dose, age, and exposure duration. A clinically useful effect
can occur with no measured network change, a move toward controls, or a move away from control means that represents
compensation.

222 Age, sex, comorbidity, and ascertainment
The developing brain changes its baseline organization. DMN segregation, control-network integration, corticostriatal
function, myelination, and catecholamine systems do not stand still while ADHD is studied. Pediatric effects can be larger,
smaller, or opposite to adult effects because both the disorder and the comparator are developing. Pooling ages can create
an uninterpretable average.
Girls and women have historically been underrepresented, particularly in imaging cohorts. Referral pathways select more
externalizing presentations; masking, internalizing symptoms, hormonal transitions, and diagnostic delay can alter the ob-
served sample. Most studies are underpowered for sex-by-diagnosis interactions, so absence of evidence is not equivalence.
Anxiety, depression, autism, learning disorders, sleep problems, trauma exposure, tics, and substance use can affect the same
tasks and networks. Excluding all comorbidity increases internal homogeneity while reducing clinical representativeness.
Including it without modeling creates confounding. The lecture should distinguish mechanism studies of selected samples
from estimates intended to generalize to clinics.

223 Different variability measures are not interchangeable
ADHD research uses “variability” for several mathematically distinct objects:

CV = 𝜎
𝜇

is the coefficient of variation. It is not equivalent to the ex-Gaussian tail parameter 𝜏 , and neither quantity is a dwell time.

• reaction-time standard deviation;
• coefficient of variation CV = 𝜎/𝜇;
• ex-Gaussian tail parameter 𝜏 ;
• trial-to-trial representational similarity;
• BOLD amplitude variability;
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• dynamic connectivity variance;
• state occupancy and dwell time;
• transition entropy;
• EEG power variability;
• aperiodic spectral slope;
• sample entropy or multiscale entropy.

Greater reaction-time variability does not imply greater BOLD variability. A system may show short dwell in one state but
reduced repertoire diversity overall. Stronger early visual connectivity can coexist with unstable control representations.
The metric, timescale, preprocessing, and behavioral relation must be named.
Dynamic-state studies report altered occupancy or shorter task-favorable dwell in some samples (Cai et al., 2018, PMID
29486868; Shappell et al., 2021, PMID 33454408; Cai et al., 2021, PMID 33589738). Results depend on atlas, window or
hidden-state model, number of states, and motion. A 2025 study of trial-wise cognitive-control representations adds direct
evidence for instability in a specific paradigm (PMID 40057478), not a universal state-space law.

224 Publication bias, reverse inference, and analytic flexibility
Small neuroimaging studies historically combined low power with many analytic choices. Positive results were more pub-
lishable; region labels could be selected after observing a cluster; the same dataset might support several contrasts. Con-
temporary consortia and preregistration improve this landscape but do not erase it.
Reverse inference confuses 𝑃(activation ∣ process) with 𝑃(process ∣ activation). Bayes’ rule makes the missing terms
explicit:

𝑃(𝑃 ∣ 𝐴) = 𝑃(𝐴 ∣ 𝑃)𝑃(𝑃)
𝑃(𝐴) .

If anterior insula activation occurs in many processes, observing it does not uniquely identify salience switching. If striatal
activation changes, the result is not automatically “dopamine.” If precuneus connectivity changes, the participant was not
necessarily mind wandering.
Analytic flexibility affects dynamic studies acutely: filter range, parcellation, global-signal regression, state number, dis-
tance metric, temporal resolution, and clustering initialization can all alter output. Robust work reports multiverse or
sensitivity analysis, out-of-sample validation, and convergent behavior.

225 What the deeper model can—and cannot—claim
The accumulated evidence supports a deeper description than a chronically weak attention faculty: in at least some people
and paradigms, ADHD involves altered coordination, stability, and context sensitivity among systems supporting internal
cognition, task control, attention, salience, reward, timing, and action. Performance is modulated by incentive, arousal,
development, sleep, and treatment. Dynamic measures are promising because they address moment-to-moment inconsis-
tency.
The evidence does not establish one dynamical phenotype shared by all people with ADHD. It does not show that the
salience network is a broken master switch, that the DMN is an invader, that hyperfocus has a known neural signature, or
that high non-normality causes attentional capture. It does not authorize diagnosis from network states. The Task-State
Viability Envelope is a synthesis and hypothesis-generating formalism, not a discovered anatomical object.

Contradiction ledger

Domain Supporting signal Resisting or null signal Boundary condition Lecture consequence

Default-mode interference large samples find small weaker
anticorrelation

preregistered resting
meta-analysis finds little spatial
convergence

standardized scale can recover
diffuse effects without a lesion

teach small group effect, not
individual cause

DMN suppression reduced suppression in some
low-engagement tasks

incentive or medication can
remove difference; suppression
can be intact

task, motivation, direction, and
age matter

never equate attention with
maximal DMN “off”

Neural variability elevated variability in several
measures

some sensory signals are less
variable or null

metrics and systems differ define the quantity every time

Dynamic states altered dwell, occupancy,
flexibility, or representation
stability

state solutions depend on model
and motion

promising, method-dependent emerging direct evidence only

Salience switching salience-centered interactions
differ in some studies

anterior-insula switch activation
can be preserved

arbitration is distributed reject broken-switch cartoon
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Domain Supporting signal Resisting or null signal Boundary condition Lecture consequence

Reward anticipation mean ventral-striatal
hypoactivation in some
syntheses

reward phase, type, and sample
yield mixed findings

reward phenotype heterogeneous specify phase and task

Medication normalization selected acute measures move
toward controls

other useful effects diverge or
canonical measures remain

normalization is
endpoint-specific

ban blanket term

Acute versus chronic medication single-dose crossover changes
network metrics

chronic transporter regulation
and longitudinal effects can
differ

exposure duration changes
question

label dose and timescale

Age pediatric effects often stronger adult effects can be absent or
reversed

developmental baselines differ never merge child/adult
neuroscience silently

Sex/gender some sex-specific findings samples often underpowered and
male-skewed

representation gap do not overinterpret absence

Head motion findings survive some controls motion changes connectivity and
state occupancy; censoring
selects

artifact and phenotype-adjacent
behavior coexist

show sensitivity analyses

Rest versus task resting dysconnectivity reported effects may appear only during
engagement

rest is not task control use context-dependent models

Theta/beta ratio canonical literature and clinical
use

recent multiverse work finds no
robust standalone group marker

age, analysis, aperiodic activity exclude diagnostic claim

Stimulant efficacy strong acute symptom effects rater, age, dose, and endpoint
alter ranking

efficacy is not one number report layer and comparator

Cardiovascular safety short trials and cohorts
reassuring for rare events

duration-sensitive cohorts raise
cumulative questions

endpoint and horizon differ preserve monitoring and
uncertainty

Psychosis risk absolute incidence is low comparative risk higher with
amphetamine than
methylphenidate

rare, class-specific,
person-specific

avoid alarmism and dismissal

Tics common fear of worsening randomized syntheses do not
show inevitable causal
exacerbation

individual responses remain monitor, do not impose
categorical ban

Substance use diversion and nonmedical
exposure can harm

therapeutic treatment does not
generally increase later SUD and
may associate with fewer events

route, dose, supervision,
indication

separate phenomena

Psychotherapy symptoms positive self/parent ratings blinded and objective outcomes
are smaller

reporter and comparator matter emphasize function and
compensation

Neurofeedback unblinded and protocol-specific
positives

probably blinded average
core-symptom effect essentially
null

target engagement is not
mediation

classify as contested

Combined treatment selected acute and functional
advantages

long-term MTA groups
converged

randomized phase ended; care
self-selected

outcome- and time-specific
claim

Genetics and environment high heritability and
polygenicity

adversity, sleep, prematurity,
and context influence expression

both operate; no individual
destiny

reject false dichotomy

Attachment relational associations and
clinical importance

direction, shared liability, and
confounding unresolved

benefit does not prove origin retain humane insight, qualify
causation

Hyperfocus recurrent self-report and
emerging measurement

no universal definition or
established neural signature

emerging phenotype clue, not diagnostic proof

Non-normality mathematics permits large
transient growth in stable
systems

no direct ADHD
pseudospectral/resolvent
evidence located

Flow Hijacked mathematical
hypothesis

isolate from established
evidence

Contradiction-handling protocol

When two studies appear to disagree, the first question is not which one to believe. Construct a comparison vector

q = (𝑁, 𝐴, 𝑆, 𝐶, 𝑀, 𝑇 , 𝑋, 𝑃 , 𝑅),

where (N) is sample size, (A) age/development, (S) sex/gender composition, (C) comorbidity and ascertainment, (M) med-
ication history/state, (T) task or rest condition, (X) measurement modality, (P) preprocessing/model pipeline, and (R)
outcome/rater. A contradiction is interpretable only after comparing these coordinates.
Then classify the disagreement:

• direct contradiction: materially similar q, opposite estimate with adequate precision;
• boundary-condition difference: the effect changes under incentive, age, task, or treatment as predicted;
• measurement non-equivalence: studies use different definitions of suppression, variability, or network membership;
• precision difference: a small study’s estimate is compatible with the confidence interval of a larger null or small effect;
• analytic dependence: pipeline choices or motion handling explain the divergence;
• heterogeneity signal: subgroups or individual trajectories differ in a reproducible way;
• unresolved: no current evidence adjudicates.

The protocol forbids three conveniences. A favored positive study cannot be protected by invoking heterogeneity after the
fact. A null cannot be called proof of absence when its interval includes clinically relevant effects. And two direction-
ally different measures cannot be averaged under the word “dysregulation” without specifying what direction the theory
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predicted.

Falsification ledger for the Flow Hijacked treatment story

The treatment synthesis should retreat if preregistered studies repeatedly find any of the following:

1. task-state dwell or transition measures have poor within-person reliability and no ecological predictive value;
2. momentary lapses are better explained entirely by peripheral factors such as sleep and motion than by proposed network

variables;
3. medication improves behavior without reproducible change in any hypothesized stability, gain, or transition measure,

across sensitive modalities;
4. behavioral scaffolding changes reported function but not independently measured completion or re-entry;
5. the same dynamic signature fails to distinguish unwanted departure from adaptive exploration or deliberate release;
6. person-specific models do not generalize across sessions better than static symptom and context measures;
7. the Task-State Viability Envelope adds no predictive value beyond ordinary task difficulty, reward, and baseline per-

formance.

Failure would not negate the clinical usefulness of medication, psychotherapy, or accommodation. It would negate or restrict
the proposed dynamical explanation. That separation is the standard the lecture applies to every external authority and must
apply to itself.

226 The evidential landing
After the contradiction chamber, five statements remain defensible:

1. Established evidence: ADHD is a heterogeneous developmental disorder with robust inherited liability, context-
sensitive impairment, effective treatments, and no single diagnostic biomarker.

2. Supported interpretation: altered coordination and temporal stability among multiple neural systems contribute to
group-level ADHD phenomena in some tasks and samples.

3. Plausible synthesis: difficulty assembling, stabilizing, and appropriately releasing task-favorable configurations can
unify initiation difficulty, lapses, variability, reward dependence, and some forms of hyperfocus better than a pure
capacity deficit.

4. Flow Hijacked hypothesis: interventions may alter different coordinates of a task-state viability landscape—
pharmacology may change gain and immediate stability; psychotherapy may change learned policies; environmental
treatment may change boundary conditions; combined care may widen a learning corridor.

5. Open question: which person-specific dynamical measurements predict unwanted departure, adaptive release, re-entry,
functional outcome, and differential treatment response with enough reliability to matter clinically?

The deeper model is worthwhile only if it stays falsifiable. It must predict when the task configuration will fail, what kind
of intervention should change that failure, and what observations would make the model retreat.

What survives the contradiction chamber
A strong synthesis should become narrower when it meets disconfirming evidence. Spatial nonconvergence across imaging
studies weakens claims about one defective region. Small effects and overlapping distributions weaken individual prediction.
Motion and physiological artifacts threaten resting-state results. Medication history, comorbidity, age, sex, recruitment, task
design, preprocessing, and analytic flexibility can change both direction and magnitude.
These limitations do not imply that nothing is known. They change the level at which conclusions are defensible. ADHD
is reliably associated with impairment and heterogeneous cognitive differences; several treatments have reproducible short-
term clinical efficacy; distributed neural and developmental differences occur at the group level. What remains unsettled is
the existence of one mechanism that explains all presentations or one network signature that can diagnose an individual.
The coordination account survives only as a constrained interpretation: timing, stability, and context-dependent recruitment
offer useful questions that integrate several literatures, but no single dynamical parameter is yet established as the core lesion.
A robust model must outperform simpler symptom and performance measures, generalize across sites, survive motion and
preprocessing controls, and predict ecologically meaningful outcomes. The contradiction ledger is therefore part of the
theory, not an appendix designed to protect it.
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The model earns credibility by surviving its strongest alternatives
ADHD neuroimaging has repeatedly faced small samples, flexible analysis, inconsistent task definitions, head motion,
medication-history differences, and comorbidity. Multisite datasets improve power but introduce scanner and protocol
heterogeneity. Meta-analysis can reveal a small average effect while concealing opposite subgroup effects or publication
bias. A sophisticated network vocabulary does not neutralize these problems.
Motion is especially consequential because ADHD groups can differ in movement, and motion can generate patterned
changes in functional connectivity. Aggressive correction can also remove neural signal or select a less representative
sample. Studies should report exclusion, censoring, residual motion, group differences after correction, and sensitivity
across pipelines. A result that survives only one preprocessing choice should not carry a mechanistic lecture.
Medication history creates another ambiguity. Current washout may reduce acute drug action but cannot erase long-term
exposure, treatment selection, or the clinical differences that led to medication. Medication-naive samples reduce one
confound while often being younger or otherwise selective. Both designs contribute information; neither is a universal
solution.
Diagnostic heterogeneity is not statistical inconvenience. People meeting ADHD criteria can differ in symptom profile,
cognitive performance, sleep, emotional regulation, autism traits, learning disorder, substance use, and developmental
trajectory. A group mean may therefore describe no typical individual. Subtyping after inspecting the same data risks
overfitting, so proposed biotypes require preregistration, stability, and external validation.
Alternative explanations should be made explicit. Apparent network instability may reflect arousal fluctuation, strategy
change, task disengagement, vascular variation, or classifier uncertainty. Reward-related normalization may reflect bet-
ter performance rather than a corrected valuation system. Greater activation may indicate compensation or inefficiency.
Reduced activation may indicate failure to recruit or more efficient processing. Direction is not mechanism.
The TSVE framework must face simpler competitors. Perhaps symptom severity and reaction-time variability predict
function just as well. Perhaps entry and dwell are useful behavioral descriptors but do not require a latent viability envelope.
Perhaps non-normality adds no prediction beyond ordinary perturbation sensitivity. These possibilities define the tests the
framework must pass.
A contradiction ledger is therefore part of the model, not an appendix to it. For every favored conclusion it should retain
null studies, opposite directions, age differences, methodological critiques, and outcomes that fail to generalize. The lecture
becomes original by organizing uncertainty into better questions, not by claiming that one new metaphor has solved ADHD.

The minimum credible test of the dynamical story

A useful test would follow participants repeatedly across low- and high-reward tasks, controlled interruptions, sleep vari-
ation, and treatment conditions. It would preregister entry latency, dwell, unwanted exit, adaptive release, and recovery,
then compare TSVE with simpler behavioral and static-connectivity models on held-out sessions.
Success would require reliable parameters, prediction beyond symptoms and reaction-time variance, sensitivity to experi-
mentally manipulated context, and replication in an independent cohort. Failure to outperform simpler models would count
against the added state-space machinery. A direct non-normality claim would require estimated operators and perturbation
responses, not behavioral volatility alone.
This standard keeps the synthesis ambitious and corrigible. It proposesmeasurements that could reveal a deeper architecture
of cognitive regulation while preserving the possibility that a simpler account will win.

A contradiction changes the sentence

Null findings, reversed directions, developmental differences, motion-sensitive estimates, and weak out-of-sample predic-
tion do more than populate a limitations slide. They determine whether a statement remains established evidence, becomes
a conditional interpretation, or moves into the hypothesis layer. A synthesis is credible only when encountering contrary
data changes its precision.
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FLOW HIJACKED SYNTHESIS — THE

TASK-STATE VIABILITY ENVELOPE

Integrate entry, stability, perturbation, recovery and adaptive release into a testable dynamical research architecture.
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227 Mathematical status, scope, and epistemic contract
This part proposes a mathematical research architecture for a particular question: what must happen for a brain to en-
ter, sustain, leave, and later recover a configuration that supports a task? It is not a replacement definition of attention-
deficit/hyperactivity disorder, not a diagnostic instrument, and not a claim that one equation explains a heterogeneous
developmental condition. Its purpose is narrower and more demanding: to convert the lecture’s central dynamical interpre-
tation into quantities that can be estimated, compared, contradicted, and, if necessary, rejected.
Five labels are used without interchange:

• ESTABLISHED EVIDENCE — supported by convergent clinical or neuroscientific evidence and stated within the
limits of that evidence.

• SUPPORTED INTERPRETATION — a defensible synthesis across established findings, but not itself a directly
measured biological entity.

• PLAUSIBLE SYNTHESIS—amechanistically coherent bridge whose components have support, while the complete
bridge has not been directly demonstrated.

• FLOW HIJACKED HYPOTHESIS — an original, testable proposal introduced here.
• OPEN QUESTION — a matter for which current evidence cannot adjudicate the alternatives.

Every appearance of the Task-State Viability Envelope, the Dual-Exit Principle, lifecycle fingerprints, or ADHD-specific
non-normal gain belongs to one of the final three categories. These constructs must never be silently upgraded to established
ADHD neuroscience.

ESTABLISHED EVIDENCE

ADHD is a clinically diagnosed, heterogeneous developmental disorder. Across some samples, investigators have found
differences in network segregation, time-varying connectivity, latent-state occupancy, dwell time, transition structure, re-
sponse variability, and trial-wise stability of cognitive-control representations. These measurements are not interchange-
able, their effects are generally distributed rather than lesion-like, and their direction can depend on task, age, incentive,
medication exposure, physiology, movement, and analytical choices. Cai and colleagues’ time-varying network studies,
Shappell and colleagues’ state-occupancy work, and Gao and colleagues’ trial-wise representational results make dynam-
ics scientifically relevant; they do not establish one universal ADHD attractor geometry (Cai et al., 2018, PMID 29486868;
Shappell et al., 2021, PMID 33454408; Cai et al., 2021, PMID 33589738; Gao et al., 2025, PMID 40057478).

SUPPORTED INTERPRETATION

A useful cross-study description is that ADHD can involve altered regulation of the allocation, stabilization, and transition
of cognition across distributed configurations. This description is deeper than “too little attention,” yet remains compatible
with multiple causal routes and substantial individual overlap.

FLOW HIJACKED HYPOTHESIS

The probability of successful performance is governed not by proximity to a single ideal brain state but by whether the
system occupies, reaches, and remains inside a context-dependent set of viable configurations. This set is called the Task-
State Viability Envelope, abbreviated TSVE.
The phrase “state” will be used carefully. Sometimes it denotes a continuous vector of latent neural, cognitive, and bodily
variables. Sometimes it denotes a discrete state inferred by a hidden Markov model. Those are different mathematical
objects. A network “state” inferred from fMRI is also not automatically an attractor in the dynamical-systems sense. The
text will identify the object each time.

228 Return to the opening task: capacity is not reliability
Imagine a familiar, low-drama demand: open a document, locate the relevant paragraph, revise it, and send it before a
deadline. The person knows how to perform every constituent act. On one occasion the sequence begins almost effortlessly.
On another, initiation consumes an hour. On a third, the person starts, is displaced by a notification, and cannot reconstruct
the task context. On a fourth, the same person becomes absorbed in an intrinsically compelling problem and continues
beyond the time when stopping would have been adaptive.
A scalar capacity model has difficulty representing this pattern. Let 𝐶 denote a hypothetical quantity called “amount of
attention.” If performance failure were a monotone consequence of low 𝐶, then high performance under a highly engaging
condition would be puzzling, and extreme persistence would appear to disprove impairment. One might add motivation
as a second scalar, but this still compresses several distinct events: entering the task configuration, stabilizing it, resisting
irrelevant displacement, recovering after displacement, and releasing it when the goal changes.
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The conceptual error is a failure of state and time. A person can possess the component skills required for a task while
having low reliability in assembling and maintaining the configuration in which those skills are usable. In control language,
reachability is not the same as capacity, residence is not the same as reachability, and selective exit is not the inverse of
residence.
Let 𝑌𝑇 (𝑡) be a task-specific performance process. It may include accuracy, response-time distribution, omissions, rule
fidelity, work produced, or a composite functional outcome. A capacity-only account tries to explain 𝑌𝑇 with a mostly
time-invariant latent trait. A dynamical account instead asks for the conditional law

ℙ(𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∈ 𝒜𝑇 ∣ ℱ𝑡, 𝑇 , 𝑐𝑡) , (17.1)

where 𝒜𝑇 is an acceptable-performance set, ℱ𝑡 is the information available up to time 𝑡, 𝑇 identifies the task, 𝑐𝑡 describes
context, and Δ is a future horizon. This probability can vary sharply even when knowledge and general ability do not.
This reformulation does not deny stable traits. It places traits among the parameters that constrain a trajectory rather
than treating them as the trajectory itself. It also leaves room for the fact that a clinically meaningful diagnosis requires
developmental history and impairment across contexts; a momentary transition failure is not equivalent to ADHD.

EVIDENCE BOUNDARY

CORE SENTENCE— The central mathematical object is not “how much attention exists,” but the conditional probability that the whole system
can enter and remain in one of several task-supporting configurations for long enough to accomplish the goal—and can later leave that configuration
when leaving is appropriate.

229 Notation: task, context, state, policy, and outcome
We begin with a partially observed stochastic system. The notation is intentionally more general than any single imaging
modality.
Symbol Meaning Possible operationalization

𝑇 ∈ 𝒯 current task or task family continuous performance, writing, working memory,
conversation, driving

𝑥𝑡 ∈ ℝ𝑛 fast latent state network amplitudes, directed interactions, oscillatory
phase, control representation, motor readiness

𝑐𝑡 ∈ 𝒞 observable context instructions, interruptions, reward, social setting, time
pressure, task difficulty

𝑚𝑡 ∈ ℳ medication/exposure state concentration or pharmacodynamic proxy; acute versus
chronic history

𝑎𝑡 ∈ 𝒜 arousal and bodily state pupil-linked arousal, autonomic state, fatigue,
local-sleep proxy

𝑟𝑡 ∈ ℛ reward/value state expected value, delay, uncertainty, intrinsic interest, loss
salience

ℎ𝑡 ∈ ℋ sleep/circadian state sleep debt, phase, time of day, chronotype mismatch
𝜃𝑑(𝑡) slowly changing developmental parameters maturation, accumulated adaptation, developmental

constraints
𝜙𝑡 learned policy parameters routines, metacognitive rules, therapy-acquired

strategies, habits
𝑢𝑡 endogenous or externally scaffolded control input self-cue, timer, task decomposition, clinician-taught

policy, environmental prompt
𝑝𝑡 perturbation input notification, intrusive thought, emotional cue, novelty,

competing reward
𝑜𝑡 measured observation fMRI, EEG/MEG, behavior, eye tracking, physiology,

experience sample
𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) task outcome trajectory accuracy, latency, omissions, goal progress, functional

completion

The latent state 𝑥𝑡 is not defined as “the connectome.” It may contain fast neural coordinates, but a useful model may also
require short-memory cognitive variables such as the currently active rule or the precision of a working representation. The
purpose of a state variable is the Markov idealization

ℙ(𝑥𝑡+𝑑𝑡 ∣ 𝑥0∶𝑡, 𝑢0∶𝑡, 𝑐0∶𝑡) = ℙ(𝑥𝑡+𝑑𝑡 ∣ 𝑥𝑡, 𝑢𝑡, 𝑐𝑡), (17.2)

not anatomical literalism. If this property fails, the state must be augmented or modeled with memory. In empirical work,
a recurrent state-space model, delay embedding, switching autoregression, or non-Markov semi-Markov process may be
more defensible than Equation 17.2.
We assume an observation model

𝑜𝑡 = 𝐻(𝑥𝑡, 𝑐𝑡) + 𝜈𝑡, 𝜈𝑡 ∼ 𝒫𝜈, (17.3)
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and an outcome model

𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) = 𝒢𝑇 (𝑥𝑡∶𝑡+Δ, 𝑐𝑡∶𝑡+Δ, 𝜁𝑡∶𝑡+Δ) , (17.4)

where 𝐻 maps latent state into measurements, 𝜈𝑡 is measurement noise, 𝒢𝑇 maps the trajectory into task performance, and
𝜁𝑡 contains outcome noise not captured elsewhere. Measurement noise, latent process noise, and genuine within-person
variability must not be conflated.
The learned policy is written

𝑢𝑡 = 𝜋𝜙𝑡
( ̂𝑥𝑡, 𝑐𝑡, 𝑇 ), (17.5)

where ̂𝑥𝑡 is the person’s or model’s estimate of the state. The policy may be implicit. “When I notice I have left the
document, close all other windows and read the last two sentences aloud” is a policy. So is an environmental rule that
places the phone outside the room. A policy can alter trajectories without changing the diagnostic liability that made the
policy necessary.

230 The nonlinear stochastic state equation
The fast dynamics are represented provisionally by the controlled stochastic differential equation

𝑑𝑥𝑡 = 𝑓𝑇 (𝑥𝑡, 𝑐𝑡, 𝜃𝑑, 𝑚𝑡, 𝑎𝑡, 𝑟𝑡, ℎ𝑡) 𝑑𝑡 + 𝐵𝑇 (𝑥𝑡, 𝑐𝑡) 𝑢𝑡 𝑑𝑡 + 𝐸𝑇 (𝑥𝑡, 𝑐𝑡) 𝑝𝑡 𝑑𝑡 + Σ𝑇 (𝑥𝑡, 𝑐𝑡) 𝑑𝑊𝑡. (17.6)

Here:

• 𝑓𝑇 is the endogenous drift—the direction and rate in which the system tends to evolve in the absence of the explicitly
modeled inputs;

• 𝐵𝑇 maps control or scaffolding inputs into state change;
• 𝐸𝑇 maps perturbations into state change;
• 𝑊𝑡 is a multivariate Wiener process under the diffusion approximation;
• 𝑄𝑇 (𝑥, 𝑐) = Σ𝑇 ΣT

𝑇 is the process-noise covariance;
• the subscript 𝑇 allows the vector field and input maps to be task dependent.

Equation 17.6 is a Flow Hijacked synthesis, not a fitted ADHDmodel. Its value is organizational. It prevents five different
mechanisms from being hidden inside the word “attention.” A treatment might change the drift 𝑓𝑇 , the effective gain in
𝐵𝑇 , the perturbation map 𝐸𝑇 , the stochastic covariance 𝑄𝑇 , or the policy 𝜋𝜙. These changes need not produce the same
neural fingerprint.
The equation also makes state dependence explicit. The same notification 𝑝𝑡 can have a small effect when the system
is deeply engaged, a large effect near a viability boundary, and a paradoxically useful effect when it cues return to the
intended goal. Likewise, the same stimulant dose can have different consequences under sleep deprivation, high anxiety,
low task demand, or a different developmental baseline. None of this requires a claim that response is arbitrary. It requires
conditional models.
For discrete observations 𝑡𝑘 = 𝑘𝛿, an estimable approximation is

𝑥𝑘+1 = 𝐹𝑇 (𝑥𝑘, 𝑐𝑘; Θ𝑖) + 𝐵𝑇 𝑢𝑘 + 𝐸𝑇 𝑝𝑘 + 𝑤𝑘, 𝑤𝑘 ∼ 𝒩(0, 𝑄𝑘), (17.7)

with participant-specific parameter vector Θ𝑖. A hierarchical model can decompose

Θ𝑖 = Θ̄ + 𝑍𝑖𝛽 + 𝑏𝑖, 𝑏𝑖 ∼ 𝒩(0, Ω), (17.8)

where 𝑍𝑖 contains age, sex, diagnosis, presentation, medication history, sleep, and other covariates; 𝛽 gives population-level
associations; and 𝑏𝑖 represents residual person-specific structure. The group label is one covariate among several, not the
definition of the individual dynamical system.
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Assumptions that must be tested rather than smuggled in

1. State sufficiency. The chosen coordinates retain enough history to predict near-future behavior.
2. Timescale adequacy. The sampling rate resolves the transitions of interest. A conventional fMRI repetition time

cannot identify millisecond switching without strong modeling assumptions.
3. Observation invariance. Changes in 𝑜𝑡 reflect latent neural change rather than medication-related vascular effects,

head motion, respiration, or scanner drift.
4. Task validity. Laboratory success is meaningfully related to the functional task the model is intended to explain.
5. Policy consistency. The same observed action does not necessarily imply the same internal policy across people.
6. Intervention consistency. “On medication” is not a single condition; molecule, dose, timing, prior exposure, adher-

ence, and acute versus chronic state matter.
7. No diagnostic essentialism. Parameters may overlap extensively across diagnosed and non-diagnosed populations.

These assumptions are part of the model. They are not footnotes.

231 Defining the Task-State Viability Envelope
Let 𝒜𝑇 be the set of acceptable outcome trajectories for task 𝑇 over a horizon Δ. A simple threshold representation is

𝒜𝑇 = {𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∶ 𝑔𝑇 (𝑌𝑇 (𝑡 ∶ 𝑡 + Δ), 𝑐𝑡∶𝑡+Δ) ≥ 𝑦min} , (17.9)

where 𝑔𝑇 is a task-valid performance functional and 𝑦min is a clinically or functionally meaningful floor. The performance
functional can penalize omissions, dangerous variability, or failure to make real progress rather than rewarding only mean
speed.
For a fixed policy 𝜋, define the Task-State Viability Envelope

𝒱𝜋
𝑇 (𝑐, 𝑡; Δ, 𝑦min, 𝑞) = {𝑥 ∈ 𝒳 ∶ ℙ𝜋[𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∈ 𝒜𝑇 ∣ 𝑥𝑡 = 𝑥, 𝑐𝑡 = 𝑐] ≥ 𝑞} . (17.10)

The confidence threshold 𝑞 ∈ (0, 1) specifies how reliable performance must be. The horizon Δ matters: a configuration
that supports ten seconds of correct responding may not support forty minutes of writing. The context 𝑐 matters: quiet
work, social evaluation, monetary incentive, and repeated notifications produce different envelopes. The policy 𝜋 matters:
learned strategies can enlarge the set of states from which adequate performance is likely.
Equation 17.10 is a chance-constrained viable set. It is not a single coordinate, anatomical region, network, or “normal”
connectome. Two people can meet the same task criterion through different configurations. The same person can do so
through different configurations on different days. This many-to-one mapping is a form of degeneracy in the constructive
biological sense: multiple realizations support the same function.
For a pointwise performance margin 𝑠𝑇 (𝑥, 𝑐), a simpler instantaneous envelope is

𝒱𝑇 ,0(𝑐) = {𝑥 ∶ 𝑠𝑇 (𝑥, 𝑐) ≥ 0}. (17.11)

But Equation 17.11 ignores future drift and noise. A point can lie inside the instantaneous set while being almost certain
to leave it a moment later. Equation 17.10 therefore places trajectory probability at the center.

Viable set versus viability kernel

The term viability kernel is reserved for a stricter control question. Let 𝒰 be the set of admissible policies or inputs. Define

Viab𝑇 (𝒜𝑇 ) = {𝑥 ∶ ∃𝜋 ∈ Πadm such that ℙ𝜋[𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∈ 𝒜𝑇 ∣ 𝑥𝑡 = 𝑥] ≥ 𝑞} . (17.12)

The TSVE in Equation 17.10 asks whether performance is viable under a particular policy and context. The kernel in
Equation 17.12 asks whether any admissible policy can make it viable. The difference is clinically meaningful. A state may
be outside the envelope under the person’s present strategy yet inside the kernel under an available scaffold. Conversely, a
task demand may place the state outside the kernel given the current environment and resources. In that case, exhorting the
person to “try harder” is not a control solution.
We can define an envelope margin as the signed distance

𝑑𝑇 (𝑥, 𝑐) =
⎧{
⎨{⎩

+ inf𝑧∉𝒱𝑇
‖𝑥 − 𝑧‖𝑀 , 𝑥 ∈ 𝒱𝑇 ,

− inf𝑧∈𝒱𝑇
‖𝑥 − 𝑧‖𝑀 , 𝑥 ∉ 𝒱𝑇 ,

(17.13)
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where ‖𝑣‖𝑀 = (𝑣T𝑀𝑣)1/2 and𝑀 ≻ 0 weights directions by behavioral relevance andmeasurement scale. Themargin is not
invariant to the coordinate system unless 𝑀 is chosen accordingly. A Euclidean distance in an arbitrary fMRI embedding
is not a biological depth measure.

A probability field rather than a hard border

In practice the more honest object is the viability field

𝑣𝜋
𝑇 (𝑥, 𝑐, 𝑡) = ℙ𝜋[𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∈ 𝒜𝑇 ∣ 𝑥𝑡 = 𝑥, 𝑐𝑡 = 𝑐] , (17.14)

with envelope 𝒱𝜋
𝑇 = {𝑥 ∶ 𝑣𝜋

𝑇 (𝑥, 𝑐, 𝑡) ≥ 𝑞}. The hard boundary is a chosen contour of a continuous probability landscape.
This makes uncertainty visible and prevents a binary “attentive/unattentive” label from being mistaken for an intrinsic
boundary in the brain.

FLOW HIJACKED HYPOTHESIS

For some people and tasks, ADHD-related difficulty may appear as a smaller, more anisotropic, more context-sensitive, or
more weakly retained high-𝑣𝑇 region—not as globally reduced capacity. None of these geometric descriptors has yet been
validated as an ADHD biomarker.

Stochastic reach–stay formulation

The TSVE can be connected to stochastic reachability without pretending that the complete neural state is observed. Let
𝐾𝑇 (𝑐) ⊂ 𝒳 be an instantaneous task-compatible region and let 𝐺𝑇 (𝑐) ⊆ 𝐾𝑇 (𝑐) be a target region corresponding to
stabilized task engagement. For a policy 𝜋, define the reach–stay probability

𝑉 𝜋
RS(𝑥, 𝑡) = ℙ𝜋

𝑥[∃𝜏 ∈ [𝑡, 𝑡 + Δ] such that 𝑥𝜏 ∈ 𝐺𝑇 and 𝑥𝑠 ∈ 𝐾𝑇 ∀𝑠 ∈ [𝜏, 𝑡 + Δ]] . (17.14a)

This probability simultaneously represents entry and subsequent residence. The corresponding optimal probability is

𝑉 ∗
RS(𝑥, 𝑡) = sup

𝜋∈Πadm

𝑉 𝜋
RS(𝑥, 𝑡). (17.14b)

An optimal-policy viability kernel at reliability 𝑞 is {𝑥 ∶ 𝑉 ∗
RS(𝑥, 𝑡) ≥ 𝑞}. A person-policy envelope is {𝑥 ∶ 𝑉 𝜋𝜙

RS (𝑥, 𝑡) ≥ 𝑞}.
Their difference identifies a theoretical policy gap:

𝒢policy = Vol{𝑥 ∶ 𝑉 ∗
RS(𝑥, 𝑡) ≥ 𝑞} − Vol{𝑥 ∶ 𝑉 𝜋𝜙

RS (𝑥, 𝑡) ≥ 𝑞}. (17.14c)

Volume depends on coordinates and is included only to illustrate the idea; a probability-weighted measure under an empir-
ically relevant state distribution is preferable:

𝒢𝜇
policy = ∫

𝒳
[1{𝑉 ∗

RS(𝑥, 𝑡) ≥ 𝑞} − 1{𝑉 𝜋𝜙
RS (𝑥, 𝑡) ≥ 𝑞}] 𝜇(𝑑𝑥). (17.14d)

The policy gap is not a clinical blame score. A large gap could arise because an effective policy has never been taught,
because the environment makes it unavailable, because the model’s admissible-policy class is unrealistic, or because the
supposedly optimal strategy imposes intolerable burden. Admissibility must include safety, effort, values, access, and side
effects.
For a diffusion started at (𝑥, 𝑡) and killed when it exits 𝐾𝑇 , define the post-𝑡 exit time 𝜏 (𝑡)

𝐾𝑇
= inf{𝑠 ≥ 𝑡 ∶ 𝑥𝑠 ∉ 𝐾𝑇 }. The

survival probability

𝑠(𝑥, 𝑡) = ℙ𝑥,𝑡(𝜏 (𝑡)
𝐾𝑇

> 𝑡 + Δ) (17.14e)

satisfies a backward Kolmogorov boundary-value problem under suitable regularity:

𝜕𝑡𝑠 + ℒ𝜋𝑠 = 0 in 𝐾𝑇 , 𝑠 = 0 on 𝜕𝐾𝑇 , 𝑠(𝑥, 𝑡 + Δ) = 1 in 𝐾𝑇 . (17.14f)

The controlled version replaces ℒ𝜋 by a supremum over admissible 𝑢, yielding an HJB-type reachability equation. In
discrete time, the recursion is more transparent. If 𝑣𝑁(𝑥) = 1𝐾𝑇

(𝑥), then

𝑣𝜋
𝑘(𝑥) = 1𝐾𝑇

(𝑥) ∫ 𝑣𝜋
𝑘+1(𝑥′)𝑝(𝑑𝑥′ ∣ 𝑥, 𝜋(𝑥), 𝑐𝑘), (17.14g)
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and

𝑣∗
𝑘(𝑥) = 1𝐾𝑇

(𝑥) sup
𝑢∈𝒰(𝑥)

∫ 𝑣∗
𝑘+1(𝑥′)𝑝(𝑑𝑥′ ∣ 𝑥, 𝑢, 𝑐𝑘). (17.14h)

These recursions expose a central distinction. Increasing immediate task performance need not increase reach–stay prob-
ability over a longer horizon. A high-gain strategy might improve the next response while increasing fatigue or later exit
hazard. Conversely, a brief adaptive pause can reduce immediate output while increasing the probability of successful
completion.

Robustness to contextual uncertainty

If context is not known exactly, let 𝑐 ∈ 𝒞𝛿 be an uncertainty set. A robust envelope is

𝒱𝜋
𝑇 ,rob = {𝑥 ∶ inf

𝑐∈𝒞𝛿
𝑣𝜋

𝑇 (𝑥, 𝑐, 𝑡) ≥ 𝑞} . (17.14i)

The robust set may be far smaller than the context-specific set. That difference formalizes one possible meaning of “reliable
across settings.” Yet worst-case robustness can be excessively conservative. A distributionally robust alternative takes the
infimum over plausible context distributions 𝑃 in an ambiguity set 𝔓:

inf
𝑃∈𝔓

𝔼𝑐∼𝑃 [𝑣𝜋
𝑇 (𝑥, 𝑐, 𝑡)] ≥ 𝑞. (17.14j)

Clinical cross-situational impairment should not be translated mechanically into Equation 17.14i or 17.14j, but the mathe-
matics clarifies why success in one high-interest setting does not prove reliability in other necessary settings.

Coordinate dependence and invariant claims

Let 𝑧 = 𝜑(𝑥) be a smooth one-to-one reparameterization. The physical set transforms as 𝜑(𝒱𝑇 ), but its Euclidean vol-
ume, shape, and distance-to-boundary generally change. Therefore claims such as “the envelope is smaller” or “the basin is
shallower” require a metric or reference measure that has scientific meaning. Transition probabilities, first-passage distribu-
tions, held-out performance probability, and cause-specific hazards are more defensible invariants than a picture’s apparent
width.
For this reason the strongest version of the TSVE is probabilistic and behavioral: 𝑣𝜋

𝑇 (𝑥, 𝑐, 𝑡) and lifecycle events. Geomet-
ric language is a visualization of those estimands, not a license to read physiology from the shape of a low-dimensional
embedding.

232 Entry: reachability, latency, and the cost of beginning
Suppose the task becomes active at cue time 𝑡0. Entry is not defined by a button press alone; it is the first time at which the
latent state reaches a viable set and performance evidence supports that inference. Define the first-entry time

𝜏entry = inf{𝑡 ≥ 𝑡0 ∶ 𝑥𝑡 ∈ 𝒱𝜋
𝑇 (𝑐𝑡, 𝑡)}. (17.15)

If entry does not occur before a deadline 𝑡0 + 𝐻 , the observation is right-censored rather than assigned an arbitrary long
latency. Across repeated episodes, the entry distribution

𝐹entry(𝑡 ∣ 𝑧) = ℙ(𝜏entry − 𝑡0 ≤ 𝑡 ∣ 𝑧) (17.16)

can depend on 𝑧 = (𝑇 , 𝑐, 𝑚, 𝑎, 𝑟, ℎ, 𝜃𝑑, 𝜙).
The entry committor offers a richer quantity. For an unviable region ℬ and viable target 𝒱𝑇 , define

𝑞in(𝑥) = ℙ𝑥(𝜏𝒱𝑇
< 𝜏ℬ), (17.17)

the probability of reaching the viable envelope before returning to a specified disengaged region. In a diffusion with in-
finitesimal generator

ℒ𝜓 = 𝑓T∇𝜓 + 1
2 tr(𝑄∇2𝜓), (17.18)

the committor satisfies the backward equation
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ℒ𝑞in = 0 outside the target sets, 𝑞in|𝒱𝑇
= 1, 𝑞in|ℬ = 0. (17.19)

Equation 17.19 is a mathematical idealization. It clarifies what “almost engaged” could mean: not visual similarity to an
average activation map, but a high probability of completing the transition under the current dynamics.
Entry failure can arise in at least four ways:

1. the viable region is unreachable under available inputs;
2. it is reachable, but the minimum transition time exceeds the practical deadline;
3. it is reachable only through a narrow channel easily disrupted by noise;
4. the person’s current policy does not select the required input even though another policy could.

The four cases suggest different interventions. Medication might change the drift or gain; psychotherapy might teach a
policy; environmental design might move the initial condition closer to the target or remove perturbations; changing the
task might enlarge the acceptable set. Treating all four as “low motivation” discards causal information.

The task-state lifecycle

entry stabilization dwell

adaptive
release

unwanted
exit

re-entry

233 Stabilization, dwell, unwanted departure, and recovery
Entry does not guarantee persistence. Conditional on entry at 𝜏entry, define the first unwanted exit

𝜏𝑈 = inf{𝑡 > 𝜏entry ∶ 𝑥𝑡 ∉ 𝒱𝑇 (𝑐𝑡, 𝑡), 𝜒𝑇 (𝑡) = 1} , (17.20)

where 𝜒𝑇 (𝑡) = 1 means that continued task engagement remains goal appropriate. The indicator prevents a planned task
completion from being mislabeled as a lapse. The symbol 𝜒𝑇 is deliberately distinct from the target set 𝐺𝑇 (𝑐) in Equation
17.14a.
The task-state dwell time is

𝐷𝑇 = 𝜏𝑈 − 𝜏entry, (17.21)

if the first exit is unwanted. Its survival function is

𝑆𝑈(𝑡 ∣ 𝑧) = ℙ(𝐷𝑇 > 𝑡 ∣ 𝑧) = exp[− ∫
𝑡

0
𝜆𝑈(𝑠 ∣ 𝑧)𝑑𝑠] , (17.22)

where 𝜆𝑈(𝑡 ∣ 𝑧) is the unwanted-exit hazard. A constant hazard produces an exponential dwell distribution. Real task
engagement will often show duration dependence, suggesting fatigue, learning, satiety, deadline proximity, or non-Markov
memory. A Weibull, spline hazard, frailty model, or hidden semi-Markov model may therefore be preferable.
Suppose exit occurs at 𝜏𝑈 . Recovery begins with detecting the departure, reconstructing the task model, and returning to
the viable set. Define

𝜏return = inf{𝑡 > 𝜏𝑈 ∶ 𝑥𝑡 ∈ 𝒱𝑇 (𝑐𝑡, 𝑡)} − 𝜏𝑈 . (17.23)

Recovery has at least three latent components:

𝜏return = 𝜏detect + 𝜏reconstruct + 𝜏reenter, (17.24)

although these may not be separately identifiable from ordinary behavioral data. Experience sampling, eye tracking, inter-
ruption probes, and task-context reconstruction measures can help.
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The lecture’s lifecycle vector becomes

𝐿𝑇 = (𝜏entry, 𝜆𝑈(𝑡), 𝜏return, 𝜏switch) . (17.25)

Strictly, 𝐿𝑇 is not a four-number vector because one component is a function and all components have distributions. A
practical summary might use median entry time, an integrated unwanted-exit hazard over a fixed interval, median return
time, and median valid-switch latency. The full distributions should be retained in the research model.

SUPPORTED INTERPRETATION

Behavioral response variability is compatible with unstable task engagement, but it is not a direct measure of the hazard in
Equation 17.22. Motor timing, speed–accuracy strategy, arousal, local sleep, and measurement artifacts can also broaden
response distributions. The proposed hazards must be estimated with task events that distinguish genuine departure and
return.

234 Adaptive release and the Dual-Exit Principle
Persistence is not unconditionally desirable. A system that remains locked to yesterday’s goal after the environment has
changed is not demonstrating ideal control. Let 𝐶𝐴(𝑡) = 1 denote the arrival of a valid release or switch cue: the task is
complete, safety requires reorientation, or a higher-priority goal has become active. Define adaptive exit

𝜏𝐴 = inf {𝑡 > 𝑡cue ∶ 𝑥𝑡 ∉ 𝒱𝑇 and 𝑥𝑡 ∈ 𝒱𝑇 ′} , (17.26)

where 𝑇 ′ is the newly valid task. The adaptive switch cost is

𝜏switch = 𝜏𝐴 − 𝑡cue. (17.27)

The Dual-Exit Principle distinguishes two cause-specific hazards. Let 𝜏 = min(𝜏𝑈 , 𝜏𝐴) denote the first exit time and
𝐽 ∈ {𝑈, 𝐴} its cause:

𝜆𝑈(𝑡 ∣ ℱ𝑡) = lim
𝑑𝑡↓0

ℙ(𝑡 ≤ 𝜏 < 𝑡 + 𝑑𝑡, 𝐽 = 𝑈 ∣ 𝜏 ≥ 𝑡, ℱ𝑡)
𝑑𝑡 , (17.28)

𝜆𝐴(𝑡 ∣ ℱ𝑡, 𝐶𝐴 = 1) = lim
𝑑𝑡↓0

ℙ(𝑡 ≤ 𝜏 < 𝑡 + 𝑑𝑡, 𝐽 = 𝐴 ∣ 𝜏 ≥ 𝑡, ℱ𝑡, 𝐶𝐴 = 1)
𝑑𝑡 . (17.29)

For a fixed covariate/history path, with no additional exit causes, the cumulative incidence of cause 𝑗 is

𝐹𝑗(𝑡) = ∫
𝑡

0
𝑆(𝑠)𝜆𝑗(𝑠)𝑑𝑠, 𝑆(𝑡) = exp[− ∫

𝑡

0
(𝜆𝑈(𝑠) + 𝜆𝐴(𝑠))𝑑𝑠] . (17.30)

The distinction is not semantic. A low unwanted-exit hazard is good while the task remains valid; a high adaptive-exit
hazard is good after a valid cue. A selectively controlled system therefore has

𝜆𝑈 small when 𝜒𝑇 = 1, 𝜆𝐴 large when 𝐶𝐴 = 1. (17.31)

Define a cue-selectivity index over matched windows,

𝒮exit = log
𝜆postcue

𝐴 + 𝜖
𝜆nocue

𝑈 + 𝜖 , (17.32)

with small regularizer 𝜖 > 0 expressed in the same inverse-time units as the two hazards. A high index indicates persistence
that is selectively releasable. A low index can arise from excessive unwanted departure, inadequate adaptive release, or both;
the raw hazards must accompany the ratio.
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Hyperfocus as a lifecycle profile, not an opposite diagnosis

Empirical work on hyperfocus remains limited and operational definitions vary (Hupfeld et al., 2019, PMID 30267329).
The TSVE therefore does not claim to have discovered its neural mechanism. It offers a falsifiable decomposition.
One candidate profile is:

𝜏entry short under high interest, 𝜆𝑈 low, 𝜆𝐴 low after a valid cue, 𝜏switch long. (17.33)

This profile describes stable engagement with impaired release. It differs from healthy flow if the persistence is poorly
aligned with goals, insensitive to time, or costly to other obligations. A second person could report “hyperfocus” while
actually showing rapid re-entry after repeated micro-disruptions. A third might show perseveration without high-quality
performance. The same self-report label can therefore conceal different dynamics.

FLOW HIJACKED HYPOTHESIS

Distractibility and hyperfocus can coexist because the hazard of leaving without a valid cue and the hazard of leaving after a
valid cue are distinct control variables. This hypothesis is rejected if reliable measurement shows that one latent persistence
parameter accounts for both phenomena without loss of prediction.

235 Hidden states, dwell distributions, and the danger of naming clusters
Many dynamic-connectivity studies infer a finite collection of recurring configurations. Let 𝑆𝑘 ∈ {1, … , 𝐾} be a latent
state at observation 𝑘. A hidden Markov model specifies

ℙ(𝑆𝑘+1 = 𝑗 ∣ 𝑆𝑘 = 𝑖) = 𝑃𝑖𝑗, 𝑜𝑘 ∣ 𝑆𝑘 = 𝑗 ∼ 𝑝𝑗(𝑜; 𝜂𝑗). (17.34)

The likelihood is

𝑝(𝑜1∶𝑁) = ∑
𝑠1∶𝑁

𝑝(𝑠1)
𝑁−1
∏
𝑘=1

𝑃𝑠𝑘𝑠𝑘+1

𝑁
∏
𝑘=1

𝑝𝑠𝑘
(𝑜𝑘; 𝜂𝑠𝑘

). (17.35)

State occupancy is the estimated fraction

̂𝜋𝑗 = 1
𝑁

𝑁
∑
𝑘=1

ℙ(𝑆𝑘 = 𝑗 ∣ 𝑜1∶𝑁). (17.36)

In a standard time-homogeneous HMM, the dwell time in state 𝑗 is geometrically distributed:

ℙ(𝐷𝑗 = 𝑑) = (𝑃𝑗𝑗)𝑑−1(1 − 𝑃𝑗𝑗), 𝑑 ∈ {1, 2, …}. (17.37)

This memoryless form may be implausible for cognitive engagement. A hidden semi-Markov model replaces it with an
explicit duration distribution 𝑝(𝐷𝑗 = 𝑑 ∣ 𝜓𝑗), allowing increasing fatigue or a minimum stabilization time. Context-
dependent transitions can be written

𝑃𝑖𝑗(𝑘) = exp{𝛼𝑖𝑗 + 𝑧T𝑘𝛽𝑖𝑗}
∑ℓ∈𝒥𝑖

exp{𝛼𝑖ℓ + 𝑧T𝑘𝛽𝑖ℓ}
, 𝑗 ∈ 𝒥𝑖, (17.38)

where 𝑧𝑘 includes reward, cue, medication, difficulty, time-on-task, arousal, and person-level covariates. For an HMM, 𝒥𝑖
can include every state; for an HSMM whose duration law already encodes persistence, segment-to-segment transitions
conventionally use 𝒥𝑖 = {1, … , 𝐾} ∖ {𝑖}.
The crucial validation step is external to the clustering algorithm. A state becomes “task-favorable” only if its posterior
probability predicts task success out of sample, beyond motion, physiology, and obvious task events. It is not task-favorable
because its spatial map resembles a preferred theory. Label switching, choice of 𝐾, scan duration, windowing, atlas, reg-
ularization, and initialization can all alter inferred states. A robust analysis should compare multiple state families and
report whether the behavioral conclusion survives.
A hierarchical semi-Markov model can estimate individual differences while pooling information:

𝑃 (𝑟)
𝑖𝑗 (𝑘) =

exp{𝛼𝑖𝑗 + 𝑏(𝑟)
𝑖𝑗 + 𝑧T𝑟𝑘𝛽𝑖𝑗}

∑ℓ∈𝒥𝑖
exp{𝛼𝑖ℓ + 𝑏(𝑟)

𝑖ℓ + 𝑧T𝑟𝑘𝛽𝑖ℓ}
, b(𝑟)

𝑖 ∼ 𝒩(0, Ω𝑖), (17.39)
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for participant 𝑟, with a reference-category or sum-to-zero constraint imposed for identifiability. The model should allow
the possibility that the same state label is not topographically identical across all people. Otherwise, group averaging can
manufacture apparent transition differences by forcing heterogeneous configurations into a shared dictionary.

ESTABLISHED EVIDENCE

Some ADHD studies report altered occupancy, dwell, transitions, flexibility, or dynamic connectivity, and acute medication
studies report metric-specific changes. Boundary: an HMM dwell time is not automatically an attractor depth, a switching
rate is not automatically cognitive flexibility, and a cluster centroid is not a neural mechanism.

236 Metastability: temporary coordination without permanent locking
Metastability describes transient coordination: components remain partially autonomous yet form temporarily coherent
configurations before reconfiguring. It is not a synonym for “connectivity changes over time.” Different operationalizations
quantify different properties.
For phases 𝜃𝑗(𝑡) of 𝑁𝜃 oscillatory components, a global Kuramoto order parameter is

𝜌sync(𝑡)𝑒𝑖 ̄𝜃(𝑡) = 1
𝑁𝜃

𝑁𝜃

∑
𝑗=1

𝑒𝑖𝜃𝑗(𝑡), 0 ≤ 𝜌sync(𝑡) ≤ 1. (17.40)

One phase-based metastability statistic is

𝑀sync = Var𝑡[𝜌sync(𝑡)]. (17.41)

High 𝑀sync means the system visits different degrees of global phase coordination. It does not tell us whether the visited
configurations support a task. It is possible to have high metastability with poor performance, or low metastability during
a task that properly demands stable locking.
At the level of a stochastic landscape, suppose temporarily that the dynamics are approximately gradient driven:

𝑑𝑥𝑡 = −∇𝑈𝑇 (𝑥𝑡)𝑑𝑡 + 𝜎𝑑𝑊𝑡. (17.42)

For a local well separated by barrier Δ𝑈 , a small-noise approximation gives a Kramers-like mean escape time

𝔼[𝜏exit] ≍ 𝐶 exp(2Δ𝑈
𝜎2 ) . (17.43)

Equation 17.43 explains why modest changes in effective barrier or noise can produce large changes in dwell time. But
the assumptions are severe: neural systems are driven, non-equilibrium, high dimensional, and generally not gradients of
a scalar potential. When 𝑓 ≠ −∇𝑈 , the relevant object is a Freidlin–Wentzell action or quasipotential, not a literal energy
landscape.
For a path 𝜑 ∶ [0, 𝑇𝑎] → ℝ𝑛 under diffusion covariance 𝑄, the action is schematically

𝐼0𝑇𝑎
(𝜑) = 1

2 ∫
𝑇𝑎

0
(𝜑̇ − 𝑓(𝜑))T 𝑄−1 (𝜑̇ − 𝑓(𝜑)) 𝑑𝑡. (17.44)

The most probable rare transition minimizes this action subject to boundary conditions. The quasipotential between a stable
set and boundary point is the infimum of 𝐼0𝑇𝑎

over admissible paths and durations. This is closer to what “basin depth”
would mean in a non-equilibrium stochastic model.
Even then, inferring a quasipotential from short fMRI series is difficult and potentially non-identifiable. Therefore:

• “shallower task attractor” is a Flow Hijacked hypothesis;
• “shorter estimated dwell in a task-favorable latent state in a particular study” is an empirical result;
• the first cannot be treated as a direct restatement of the second.

Finite-time stability can also be characterized by a maximal finite-time Lyapunov exponent

𝜆(𝐻𝐿)
max (𝑥0) = 1

𝐻𝐿
log𝜎max(𝐷Φ𝐻𝐿

(𝑥0)) , (17.45)

where 𝐻𝐿 > 0 is the finite-time window, Φ𝐻𝐿
is the flow map, and 𝐷Φ𝐻𝐿

its tangent map. A positive value over a finite
interval indicates local separation of trajectories during that interval. It does not establish chaos, and estimating it from
noisy, partially observed human data requires much longer and denser recordings than many clinical studies provide.
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OPEN QUESTION

Does ADHD involve too much flexibility, too little flexibility, or context-inappropriate flexibility? The answer may differ
by state and task. “More switching” is not inherently pathological; healthy cognition requires both residence and release.

237 Control energy: reachability without moralizing effort
The phrase “control energy” has a precise meaning in control theory and must not be used as a metaphor for subjective
effort unless the distinction is stated. Begin with a linear time-invariant approximation

̇𝑥(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡). (17.46)

For a control horizon 𝑇𝑓 > 0, the solution is

𝑥(𝑇𝑓) = 𝑒𝐴𝑇𝑓 𝑥(0) + ∫
𝑇𝑓

0
𝑒𝐴(𝑇𝑓−𝑠)𝐵𝑢(𝑠)𝑑𝑠. (17.47)

Define the finite-horizon controllability Gramian

𝑊𝑐(𝑇𝑓) = ∫
𝑇𝑓

0
𝑒𝐴𝑠𝐵𝐵T𝑒𝐴T𝑠𝑑𝑠. (17.48)

If 𝑊𝑐(𝑇𝑓) is nonsingular, the minimum of ∫𝑇𝑓
0 𝑢(𝑡)T𝑢(𝑡) 𝑑𝑡 over inputs that reach target 𝑥𝑓 is

𝐸min(𝑥0 → 𝑥𝑓 ; 𝑇𝑓) = (𝑥𝑓 − 𝑒𝐴𝑇𝑓 𝑥0)T 𝑊𝑐(𝑇𝑓)−1 (𝑥𝑓 − 𝑒𝐴𝑇𝑓 𝑥0) . (17.49)

For a target set rather than point, define

𝐸min(𝑥0 → 𝒱𝑇 ; 𝑇𝑓) = inf
𝑥𝑓∈𝒱𝑇

𝐸min(𝑥0 → 𝑥𝑓 ; 𝑇𝑓). (17.50)

The set formulation matters because no single “normal” target is required. A treatment may improve function by making a
nearer configuration viable, not by forcing a trajectory toward the control-group mean.
For the nonlinear stochastic system, a more realistic finite-horizon objective is

𝐽𝜋(𝑥0) = 𝔼 [∫
𝑇𝑓

0
(𝑞𝑇 (𝑥𝑡, 𝑐𝑡) + 𝑢T𝑡 𝑅𝑢𝑢𝑡) 𝑑𝑡 + 𝜑term

𝑇 (𝑥𝑇𝑓
)] , (17.51)

where 𝑞𝑇 penalizes task-incompatible states, 𝑅𝑢 ≻ 0 penalizes modeled input magnitude, and 𝜑term
𝑇 is a terminal cost. The

weights and cost terms must be scaled to a common utility unit. The value function

𝑉 (𝑥, 𝑡) = inf
𝜋∈Πadm

𝐽𝜋(𝑥, 𝑡) (17.52)

obeys, under standard assumptions, the Hamilton–Jacobi–Bellman equation

−𝜕𝑡𝑉 = inf
𝑢

{𝑞𝑇 + 𝑢T𝑅𝑢𝑢 + ∇𝑉 T(𝑓 + 𝐵𝑢) + 1
2 tr(𝑄∇2𝑉 )} . (17.53)

Equations 17.49–17.53 are not evidence that a brain computes a matrix inverse or solves an HJB equation. They define
quantities an investigator can use to compare models.

How scaffolding can reduce modeled transition cost

An external checklist, visible timer, protected workspace, or task decomposition can act in at least three mathematically
distinct ways:

1. change the initial condition 𝑥0 by preloading the task rule;
2. change 𝐵 by making a small self-generated action more effective;
3. change the target set 𝒱𝑇 by reducing memory or sequencing demands.
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Thus the plausible statement “behavioral scaffolding lowers control energy” should be unpacked. Unless 𝐴, 𝐵, the target
set, and the cost metric are estimated, control energy remains a model-based hypothesis. Functional improvement does
not require a scan, but the specific control-theoretic mechanism does require direct testing.
Functional connectivity matrices are usually symmetric correlations. Plugging them into Equation 17.46 does not identify
directed causal dynamics. “Average controllability” computed from such a matrix is a graph-model quantity, not a direct
measurement of physiological energy. Preliminary ADHD work using network-control metrics can motivate experiments;
it does not settle the mechanism.

238 Gain, signal, noise, and why “more activation” is not a theory
The state equation allows a local analysis around a task-dependent trajectory 𝑥∗

𝑇 (𝑡). Let 𝛿𝑥𝑡 = 𝑥𝑡 − 𝑥∗
𝑇 (𝑡). Linearization

gives

𝑑𝛿𝑥𝑡 = 𝐴𝑇 (𝑡)𝛿𝑥𝑡 𝑑𝑡 + 𝐵𝑇 (𝑡)𝛿𝑢𝑡 𝑑𝑡 + 𝐸𝑇 (𝑡)𝑝𝑡 𝑑𝑡 + Σ𝑇 (𝑡)𝑑𝑊𝑡, (17.54)

where 𝐹 cl
𝑇 (𝑥, 𝑡) denotes the full closed-loop drift after substituting the nominal context, policy, and input trajectories, so

that state dependence in 𝐵𝑇 , 𝐸𝑇 , and the feedback policy is not omitted:

𝐴𝑇 (𝑡) = 𝜕𝐹 cl
𝑇 (𝑥, 𝑡)
𝜕𝑥 ∣

𝑥=𝑥∗
𝑇 (𝑡)

. (17.55)

The matrix 𝐴𝑇 (𝑡) is a local directed operator. Its diagonal elements describe local self-decay or self-excitation in the
chosen coordinates; its off-diagonal elements describe how perturbations in one coordinate influence the rate of another. It
is neither a static correlation matrix nor a universal anatomical wiring diagram.
Suppose a task-relevant signal 𝑠𝑡 enters through 𝐵𝑠 and a distractor 𝑑𝑡 enters through 𝐵𝑑. For readout 𝑦𝑡 = 𝐶𝑥𝑡 + 𝜖𝑡, a
frequency-specific signal-to-distractor ratio can be written

SDR(𝜔) = ‖𝐶(𝑖𝜔𝐼 − 𝐴)−1𝐵𝑠 ̂𝑠(𝜔)‖2
2

‖𝐶(𝑖𝜔𝐼 − 𝐴)−1𝐵𝑑 ̂𝑑(𝜔)‖2
2 + tr[𝐶(𝑖𝜔𝐼 − 𝐴)−1𝑄(−𝑖𝜔𝐼 − 𝐴T)−1𝐶T]

. (17.56)

This formula makes “signal-to-noise” more specific. It depends on the input direction, frequency, system operator, readout,
and endogenous covariance—not only the absolute amplitude of a region. A treatment could improve readout by amplify-
ing relevant input, attenuating distractor input, reducing internally generated variance, changing the readout geometry, or
moving the state into an operating regime in which the same inputs are separated more reliably.
For a binary decision with scalar readout distributions 𝑦 ∣ 𝐻1 ∼ 𝒩(𝜇1, 𝜎2

1) and 𝑦 ∣ 𝐻0 ∼ 𝒩(𝜇0, 𝜎2
0), discriminability is

𝑑′ = 𝜇1 − 𝜇0
√(𝜎2

1 + 𝜎2
0)/2

. (17.57)

Equation 17.57 shows why a gain increase is not automatically beneficial. If signal and nuisance are amplified equally, 𝑑′

may not improve. If gain pushes a recurrent circuit into saturation or instability, performance can worsen.

Catecholamine-dependent gain as a non-monotone parameter

Let 𝑧𝑡 summarize effective catecholaminergic operating state in a particular circuit—not “brain dopamine.” A generic
inverted-U gain function can be represented as

𝛾(𝑧) = 𝛾0 + 𝛾1 exp [−(𝑧 − 𝑧∗)2

2𝜎2𝑧
] , 𝛾1 > 0, (17.58)

or, locally, by

𝛾(𝑧) = 𝛾max − 𝜅(𝑧 − 𝑧∗)2, 𝜅 > 0. (17.59)

These are phenomenological functions. They capture the idea that too little or too much catecholaminergic drive can impair
prefrontal computation, while the optimum depends on receptor balance, region, baseline state, task demand, stress, arousal,
and dose. They do not prove that ADHD is a global low-𝑧 condition.
One parameterization of Equation 17.54 is

𝐴𝑇 = 𝐴0 + 𝛾(𝑧)𝐴𝑔, 𝐵𝑇 = 𝐵0 + 𝛾(𝑧)𝐵𝑔, 𝑄𝑇 = 𝑄0 + 𝑄𝑧(𝑧), (17.60)
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where medication could alter all three terms. A clinically effective drug response therefore need not correspond to mono-
tonically increased activation. It may reflect a more favorable gain profile, lower task-irrelevant variability, different state
occupancy, or a change in the coupling through which value and salience influence control.

ESTABLISHED EVIDENCE

Catecholamine effects are regional, receptor-, dose-, and state-dependent; stimulant and nonstimulant drugs have distinct
mechanisms. Plausible synthesis. Some therapeutic effects can be represented as changes in dynamic gain and noise.
Boundary. No single parameter 𝑧 adequately represents dopamine and norepinephrine across the brain, and the full map-
ping in Equation 17.60 has not been estimated in ADHD.

239 Non-normal transient amplification: the explicit mathematical hypothesis
This section introduces the most speculative component of the Flow Hijacked model. The evidentiary boundary must
remain visible:

EVIDENCE BOUNDARY

No direct ADHD study in the acquired corpus estimated a non-normal dynamical operator, an ADHD pseudospectrum, a resolvent norm,
or an ADHD transient-growth bound.

The following mathematics is established in linear systems and computational neuroscience. Its application to ADHD is a
Flow Hijacked hypothesis.

Normality and why eigenvalues can be insufficient

A matrix 𝐴 ∈ ℂ𝑛×𝑛 is normal if

𝐴𝐴∗ = 𝐴∗𝐴, (17.61)

where 𝐴∗ is the conjugate transpose. Normal matrices possess an orthonormal eigenbasis. If all eigenvalues have negative
real parts, perturbations decay monotonically in the Euclidean norm up to oscillation among orthogonal modes.
A non-normal matrix has non-orthogonal eigenvectors. Even when every eigenvalue lies in the open left half-plane, a
perturbation can grow temporarily because decayingmodes interfere constructively before their asymptotic decay dominates.
Asymptotic stability and finite-time susceptibility are therefore different properties.
For the unforced system

𝛿 ̇𝑥 = 𝐴𝛿𝑥, 𝛿𝑥(𝑡) = 𝑒𝐴𝑡𝛿𝑥(0), (17.62)

the maximum amplification at time 𝑡 is

𝐺(𝑡) = sup
𝛿𝑥(0)≠0

‖𝛿𝑥(𝑡)‖2
‖𝛿𝑥(0)‖2

= ‖𝑒𝐴𝑡‖2 = 𝜎max(𝑒𝐴𝑡), (17.63)

and the maximal transient gain is

𝐺max = sup
𝑡≥0

𝐺(𝑡). (17.64)

The right singular vector associated with 𝜎max(𝑒𝐴𝑡) is the perturbation direction that produces the largest finite-time growth;
the left singular vector is the state direction in which that growth appears. This directionality is central to the hypothesis.
A salient cue is not predicted to be powerful merely because it is large. It is predicted to be powerful when its input pattern
aligns with a high-gain direction of the current operator.

A two-dimensional derivation

Consider

𝐴 = [−𝑎 𝑘
0 −𝑏

] , 𝑎 > 0, 𝑏 > 0, 𝑘 ≠ 0. (17.65)

The eigenvalues are −𝑎 and −𝑏, so the origin is asymptotically stable. Yet for 𝑎 ≠ 𝑏,
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𝑒𝐴𝑡 = ⎡
⎢
⎣

𝑒−𝑎𝑡 𝑘𝑒−𝑏𝑡 − 𝑒−𝑎𝑡

𝑎 − 𝑏
0 𝑒−𝑏𝑡

⎤
⎥
⎦

. (17.66)

Start with perturbation 𝛿𝑥(0) = (0, 1)T. Then

𝛿𝑥1(𝑡) = 𝑘𝑒−𝑏𝑡 − 𝑒−𝑎𝑡

𝑎 − 𝑏 , 𝛿𝑥2(𝑡) = 𝑒−𝑏𝑡. (17.67)

Both eigenmodes decay, but the second coordinate feeds the first through 𝑘. For sufficiently large |𝑘|, the norm initially
grows and can become much larger than its initial value before eventually decaying. If 𝑎 = 𝑏, the limit is

𝑒𝐴𝑡 = 𝑒−𝑎𝑡 [1 𝑘𝑡
0 1

] , (17.68)

so the off-diagonal response 𝑘𝑡𝑒−𝑎𝑡 peaks at 𝑡 = 1/𝑎, with magnitude |𝑘|/(𝑎𝑒). Stability of eigenvalues alone misses this
transient.
The numerical abscissa

𝜔(𝐴) = 𝜆max(
𝐴 + 𝐴∗

2 ) (17.69)

is the maximum instantaneous logarithmic growth rate of the Euclidean norm. Equivalently, 2𝜔(𝐴) is the maximum in-
stantaneous growth rate of the squared norm over unit vectors, because

𝑑
𝑑𝑡‖𝑒𝐴𝑡𝑥‖2

2∣
𝑡=0

= 2𝑥∗ (𝐴 + 𝐴∗

2 ) 𝑥. (17.70)

Thus 𝜔(𝐴) > 0 guarantees an initial direction of transient growth even if the spectral abscissa

𝛼(𝐴) = max
𝑗

Re𝜆𝑗(𝐴) (17.71)

is negative. The gap 𝜔(𝐴) − 𝛼(𝐴) is one simple warning that finite-time behavior cannot be read from eigenvalues alone.

Forced amplification and the resolvent

For harmonic forcing 𝑝(𝑡) = Re{ ̂𝑝𝑒𝑖𝜔𝑡} in

𝛿 ̇𝑥 = 𝐴𝛿𝑥 + 𝐵𝑝𝑝(𝑡), (17.72)

the steady-state response is governed by the resolvent

ℛ(𝑖𝜔; 𝐴) = (𝑖𝜔𝐼 − 𝐴)−1. (17.73)

The largest input-output gain at frequency 𝜔 is

𝒢(𝜔) = ‖𝐶(𝑖𝜔𝐼 − 𝐴)−1𝐵𝑝‖2. (17.74)

The leading right singular vector of 𝐶ℛ𝐵𝑝 identifies the maximally amplified input pattern; the leading left singular vector
identifies the dominant output pattern. A non-normal operator can exhibit a large resolvent norm even when 𝑖𝜔 is far from
all eigenvalues.
This leads to a precise ADHD hypothesis: a notification, internal thought, reward cue, or emotional signal may cause
disproportionate task-state displacement when its input direction and timing align with a high-gain resolvent mode of the
current task configuration. The hypothesis is not “ADHDbrains amplify everything.” It is anisotropic, frequency dependent,
state dependent, and input-channel specific.
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Pseudospectra and perturbation sensitivity

The 𝜀-pseudospectrum of 𝐴 is

Λ𝜀(𝐴) = {𝑧 ∈ ℂ ∶ ‖(𝑧𝐼 − 𝐴)−1‖2 > 𝜀−1} , (17.75)

equivalently,

Λ𝜀(𝐴) = ⋃
‖𝐸‖2<𝜀

Λ(𝐴 + 𝐸). (17.76)

Equation 17.76 means that a small change in the operator can move an eigenvalue anywhere inside the pseudospectrum.
If Λ𝜀(𝐴) extends into the right half-plane for small 𝜀, the system is sensitive to model perturbations even if the estimated
eigenvalues themselves are stable.
The pseudospectral abscissa is

𝛼𝜀(𝐴) = sup
𝑧∈Λ𝜀(𝐴)

Re 𝑧. (17.77)

A related lower bound on transient growth is

sup
𝑡≥0

‖𝑒𝐴𝑡‖2 ≥ 𝛼𝜀(𝐴)
𝜀 for suitable 𝜀 with 𝛼𝜀(𝐴) > 0. (17.78)

The exact constants and norm matter. In high-dimensional noisy estimates, pseudospectra can be extremely unstable. Reg-
ularization, uncertainty propagation, and held-out prediction are indispensable.

State-dependent non-normality

For a nonlinear trajectory, the tangent operator varies:

𝛿 ̇𝑥 = 𝐴𝑇 (𝑡)𝛿𝑥, 𝛿𝑥(𝑡1) = Φ(𝑡1, 𝑡0)𝛿𝑥(𝑡0), (17.79)

where Φ is the state-transition matrix satisfying

𝑑
𝑑𝑡Φ(𝑡, 𝑡0) = 𝐴𝑇 (𝑡)Φ(𝑡, 𝑡0), Φ(𝑡0, 𝑡0) = 𝐼. (17.80)

The finite-time gain is

𝐺(𝑡1, 𝑡0) = 𝜎max(Φ(𝑡1, 𝑡0)) . (17.81)

This quantity can change as the person approaches a lapse. A system could become vulnerable before mean activation
changes appreciably. The most informative precursor may therefore be a change in the tangent geometry or input-output
gain rather than the absolute level of DMN or FPN activity.

What would count as direct evidence?

A credible test would require:

1. a task with controlled, randomized perturbations of known timing and content;
2. dense neural measurement sufficient to fit a directed local dynamical model;
3. an independently defined task-favorable state or performance envelope;
4. preregistered estimates of 𝐺(𝑡), 𝜔(𝐴), resolvent gain, or pseudospectral sensitivity;
5. out-of-sample prediction of perturbation-induced displacement and recovery;
6. comparison against spectral abscissa, static connectivity, conventional dynamic connectivity, motion, arousal, sleep,

symptoms, and baseline performance;
7. replication in an independent cohort and within-person replication across days;
8. explicit uncertainty for the estimated operator.

If non-normal quantities add no reliable predictive information, the ADHD-specific non-normality hypothesis should be
rejected. General mathematical elegance is not evidence.
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240 Fast neural dynamics inside slower policy learning and development
The complete architecture is multiscale. Fast state change unfolds within slowly changing policies, medication adaptation,
sleep cycles, development, and environment. A compact system is

𝑑𝑥𝑡 = 𝑓𝑇 (𝑥𝑡; 𝑐𝑡, 𝜃𝑑, 𝜙𝑡, 𝑚𝑡, 𝑎𝑡, 𝑟𝑡, ℎ𝑡)𝑑𝑡 + 𝐵𝑇 𝜋𝜙𝑡
( ̂𝑥𝑡, 𝑐𝑡)𝑑𝑡 + 𝐸𝑇 𝑝𝑡𝑑𝑡 + Σ𝑇 𝑑𝑊𝑡,

̇𝜙𝑡 = 𝜀𝜙𝐿(𝜙𝑡; 𝑥𝑡, 𝑌𝑡, practice, feedback, therapy),
̇𝜃𝑑 = 𝜀𝑑𝐷(𝜃𝑑, 𝑡, developmental context),
̇𝜂𝑡 = 𝐾PK(𝜂𝑡, dose, 𝑡), 𝑚𝑡 = 𝑀(𝜂𝑡),

(17.82)

with

0 < 𝜀𝑑 ≪ 𝜀𝜙 ≪ 1 (17.83)

relative to fast task dynamics. The additional variable 𝜂𝑡 represents pharmacokinetics, while 𝑚𝑡 represents pharmaco-
dynamic effects. Acute concentration change, repeated treatment, compensatory adaptation, and developmental change
therefore occupy different equations and timescales.
In singular-perturbation language, the fast subsystem treats 𝜙 and 𝜃𝑑 as approximately fixed over a short trial:

𝑑𝑥𝑡 = 𝑓𝑇 (𝑥𝑡; 𝜙, 𝜃𝑑, …)𝑑𝑡 + ⋯ . (17.84)

The slow subsystem averages learning over fast-state occupancy:

̇𝜙 = 𝜀𝜙𝐿̄(𝜙, 𝜃𝑑) = 𝜀𝜙 ∫ 𝐿(𝜙, 𝑥) 𝜇𝜙,𝜃𝑑
(𝑑𝑥), (17.85)

where 𝜇𝜙,𝜃𝑑
is the occupancy distribution of the fast process under the present policy and context. This equation makes

a possible treatment interaction mathematically visible: if medication changes 𝜇, it may change which experiences are
available for learning even if it does not directly change 𝐿.

The “learning corridor” as a testable, unproven hypothesis

Suppose therapy updates policy parameters by a noisy learning rule

𝜙𝑘+1 = 𝜙𝑘 + 𝛼𝑘∇̂𝜙ℛ(𝜙𝑘; 𝑥𝑘, 𝑐𝑘), (17.86)

where ℛ is a functional reward and 𝑥𝑘 is the state occupied during practice. If pharmacological treatment increases the
probability of entering a learning-competent set ℒ, then

𝔼[Δ𝜙 1{𝑥 ∈ ℒ} ∣ 𝑚] = ∫
ℒ

𝛼 𝔼[∇̂ℛ ∣ 𝑥, 𝑚] 𝜇𝑚(𝑑𝑥) (17.87)

is the learning update contributed by visits to ℒ and could exceed its no-medication counterpart even if medication does
not encode the learned strategy. Without the indicator on the left, the integral over ℒ would equal the full conditional
expectation only under the additional assumption that updates vanish outside ℒ.
This is the Flow Hijacked learning-corridor hypothesis: pharmacological stabilization may increase exposure to states
in which feedback, rehearsal, and therapy can be used, while psychotherapy changes the policy applied in those states. The
components are plausible; decisive neural mediation evidence is absent. Combined-treatment trials show outcome-specific
complementarity, not proof of Equation 17.87.
The hypothesis has a clear test. Randomize medication and skills training factorially; repeatedly measure task-state occu-
pancy and trial-level learning; demonstrate that early medication-induced occupancy changes mediate later skill acquisition
and that the acquired policy persists when acute drug state is absent. Without temporal mediation and persistence, “medi-
cation opens a learning corridor” remains a useful clinical intuition rather than an established mechanism.
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Why acute normalization cannot establish developmental normalization

Let Θ(0) be pretreatment parameters, Θ(𝑎) the acute on-drug parameters, and Θ(𝑐) chronic parameters after adaptation. In
general,

Θ(𝑐) ≠ Θ(𝑎) ≠ Θ(0). (17.88)

An acute imaging study estimates a contrast conditional on transient exposure. It cannot identify the slow law 𝐷, durable off-
drug reorganization, or developmental compensation. Molecular evidence of chronic transporter adaptation and imaging
studies with age-reversed directions reinforce this caution. “Normalization” must name the metric, age, task, exposure
duration, and comparison condition.

241 Intervention fingerprints in the lifecycle parameter space
Let the model-derived fingerprint for person 𝑖, task 𝑇 , context 𝑐, and condition 𝑧 be

Ψ𝑖𝑇 𝑐𝑧 = ( ̃𝜏entry, Λ𝑈(𝐻), ̃𝜏return, ̃𝜏switch, 𝒮exit, 𝜋viable, 𝐺max, 𝐸min), (17.89)

where tildes denote robust location summaries, Λ𝑈(𝐻) = ∫𝐻
0 𝜆𝑈(𝑡)𝑑𝑡 is cumulative unwanted-exit hazard over a declared

horizon 𝐻 , 𝜋viable is viable-state occupancy, and the last two quantities are included only when a directed dynamical model
is identifiable.
An intervention effect is not one arrow marked “better.” It is the contrast

ΔΨ(𝐼) = 𝔼[Ψ ∣ do(𝐼 = 1)] − 𝔼[Ψ ∣ do(𝐼 = 0)]. (17.90)

The do-operator emphasizes that observational on/off comparisons generally do not identify the causal contrast. Random-
ization, within-person crossover, instrumental designs, target-trial emulation, or explicit causal assumptions are needed.
Intervention lever Primary model location Candidate fingerprint Current evidentiary boundary

Stimulant medication 𝑓, 𝐵, 𝐸, 𝑄, 𝛾, 𝑟 and state occupancy shorter entry; lower unwanted-exit
hazard; possibly faster return

acute, metric-specific evidence is
strongest for methylphenidate; no
universal dynamic signature

Atomoxetine catecholamine-dependent drift/gain over
slower onset

improved entry and stability through a
different parameter path

comparative dynamic-network evidence
sparse

𝛼2𝐴 agonist prefrontal recurrent stability/arousal
parameters

lower perturbation susceptibility or better
maintenance

direct whole-network lifecycle evidence
sparse

ADHD-adapted CBT policy 𝜙, meta-detection, reconstruction
rules

shorter entry and return; more valid
release

clinical evidence; direct neural mediation
very sparse

Organizational skills context 𝑐, policy 𝜙, target demand lower entry cost; reduced
prospective-memory loss

neural change not necessary for efficacy

Parent training/school contingency environmental transition and value
structure

improved cue validity, entry,
reinforcement, and persistence

child outcomes depend on rater and
setting

Reward or intrinsic interest 𝑟𝑡, drift, target valuation faster entry, longer dwell; possibly slower
adaptive release

heterogeneous and task-phase dependent

Sleep/circadian intervention ℎ𝑡, 𝑎𝑡, 𝑄𝑡 broad changes, especially unwanted exit
and recovery

sleep loss can mimic or amplify
symptoms; causal ADHD-specific
dynamics incomplete

Reduced interruptions perturbation rate and map 𝑝𝑡, 𝐸𝑇 lower unwanted-exit hazard without
neural “normalization”

ecologically meaningful; scanner
evidence not required

Combined treatment fast-state distribution plus learned policy complementary fingerprint rather than
uniform synergy

superiority is outcome- and
comparison-specific; neural learning
corridor unproven

The table contains predictions, not established parameter estimates. It also shows why different treatments can improve
the same symptom score through different mechanisms. A medication may alter the probability distribution of fast states.
Therapy may improve recognition and recovery policies. Environmental design may reduce the rate and alignment of
perturbations. A symptom scale can decline in all three cases while the latent fingerprints differ.

Normalization is not the objective function

Let 𝜇𝐶 be the control-group mean state and 𝒱𝑇 the viable set. A normalization objective is

𝐽norm = ‖𝑥 − 𝜇𝐶‖2, (17.91)

whereas a functional objective is

𝐽func = 𝔼[ℓ𝑇 (𝑌 )] + 𝜌 Risk(𝑌 ) + 𝜅 Burden(𝑢, 𝐼). (17.92)
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Minimizing Equation 17.91 need not minimize Equation 17.92. A compensatory configuration can be farther from the
group mean yet function better. Pharmaco-imaging findings in which symptom improvement is associated with a non-
normalizing connectivity shift are therefore not paradoxes; they expose the weakness of a normative-point objective.

Mediation, moderation, and mechanism

If treatment 𝐼 changes candidate mediator 𝑀 and outcome 𝑌 , a causal mediation claim requires more than correlations
among change scores. In potential-outcome notation, the natural indirect effect is

NIE = 𝔼 [𝑌 (1, 𝑀(1)) − 𝑌 (1, 𝑀(0))] . (17.93)

Identifying Equation 17.93 requires assumptions about mediator–outcome confounding that randomizing treatment alone
does not solve. Therefore a finding that connectivity change correlates with symptom improvement is a treatment-associated
brain–behavior link, not automatically a mechanism.
Moderation asks a different question:

𝔼[𝑌 ∣ 𝐼, 𝑍] = 𝛽0 + 𝛽𝐼𝐼 + 𝛽𝑍𝑍 + 𝛽𝐼𝑍𝐼𝑍. (17.94)

Here 𝑍 may be baseline dynamics, reward sensitivity, age, or sleep. A significant 𝛽𝐼𝑍 predicts differential response; it does
not show that treatment changes 𝑍. Prediction and mediation must remain separate.

242 Identifiability: when the equations outrun the data
A rich model can explain anything after the fact if its parameters are not identifiable. Let Θ collect the drift, input maps,
noise, policy, and observation parameters. Structural identifiability asks whether

𝑝(𝑜1∶𝑁 , 𝑌1∶𝑁 ∣ Θ1) = 𝑝(𝑜1∶𝑁 , 𝑌1∶𝑁 ∣ Θ2) ∀(𝑜, 𝑌 ) ⟹ Θ1 = Θ2. (17.95)

If two parameter settings generate the same observable distribution, no estimator can distinguish them without new mea-
surements or interventions. Practical identifiability asks whether finite, noisy data constrain the parameters tightly enough
for useful inference.

Observability and partial measurement

For the linear system ̇𝑥 = 𝐴𝑥, 𝑦 = 𝐶𝑥, the observability matrix is

𝒪 =

⎡
⎢
⎢
⎢
⎢
⎢
⎣

𝐶
𝐶𝐴
𝐶𝐴2

⋮
𝐶𝐴𝑛−1

⎤
⎥
⎥
⎥
⎥
⎥
⎦

. (17.96)

Full state observability requires rank(𝒪) = 𝑛. Human neuroimaging almost never offers direct full-state observation. fMRI
is temporally filtered and vascular; EEG/MEG has an ill-posed inverse problem; behavior is low dimensional; subjective
reports are intermittent. Multimodal fusion can improve constraints but adds cross-modal alignment assumptions.
For stochastic state-space models, observability is probabilistic. Posterior uncertainty

𝑝(𝑥1∶𝑁 , Θ ∣ 𝑜1∶𝑁 , 𝑌1∶𝑁) (17.97)

must be propagated into the TSVE and hazard estimates. Reporting a single decoded trajectory as if it were known is
inappropriate.

Equifinality and degeneracy

The TSVE deliberately permits multiple configurations to support the same outcome. This functional degeneracy also
produces an inverse problem: observing adequate performance does not identify which internal configuration caused it.
Conversely, similar performance failures can arise from different routes—weak task representation, low arousal, strong
spontaneous thought, motor variability, sensory capture, or unfavorable reward weighting. This is equifinality.
The model therefore needs perturbations. Randomized cues, reward changes, interruption types, time-on-task manipula-
tions, and medication challenges provide inputs whose responses help distinguish mechanisms. Passive resting-state data
alone cannot identify a task-state transition model.
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Individual parameters versus group averages

Suppose participant-specific hazard follows

𝜆𝑈𝑖(𝑡) = 𝜆0(𝑡) exp (𝛽T𝑧𝑖𝑡 + 𝑏𝑖) , 𝑏𝑖 ∼ 𝒩(0, 𝜎2
𝑏 ). (17.98)

A mean diagnosis coefficient 𝛽𝐷 can coexist with extensive overlap in 𝑏𝑖. It does not permit classification of an individual
from the group average. A clinically useful model should establish calibration and decision value at the individual level
rather than merely a significant group contrast.
Intensive longitudinal designs can estimate within-person relationships:

𝑌𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖𝑋𝑖𝑡 + 𝜖𝑖𝑡, 𝛽𝑖 ∼ 𝒩( ̄𝛽, 𝜎2
𝛽). (17.99)

If 𝜎2
𝛽 is large or signs differ, a population-average mechanism is misleading. ADHD heterogeneity makes this possibility

central rather than peripheral.

Measurement invariance across age and treatment

If the observation map changes with age or medication,

𝑜𝑡 = 𝐻𝑔,𝑚(𝑥𝑡) + 𝜈𝑡, (17.100)

then an observed group contrast can reflect 𝐻𝑔,𝑚 rather than latent dynamics. Development changes neurovascular coupling,
anatomy, motion, and task strategy. Medication can alter vascular and physiological signals. Longitudinal models should
test measurement invariance or include modality-specific nuisance pathways.

State-label and model-class uncertainty

An HMM with 𝐾 = 5, a sliding-window clustering with 𝐾 = 7, and a recurrent neural state-space model may partition
the same data differently. Inference should average or compare model classes:

𝑝(ΔΨ ∣ 𝐷) = ∑
𝑚∈𝔐

𝑝(ΔΨ ∣ 𝐷, 𝑚)𝑝(𝑚 ∣ 𝐷). (17.101)

Here 𝔐 denotes the candidate model classes and is distinct from the medication-state space ℳ. At minimum, conclusions
should survive reasonable choices of parcellation, preprocessing, state number, window, censoring, and regularization. A
multiverse that produces sign reversals is evidence that the claim is not yet stable.

243 An estimation program capable of testing the model
The TSVE should be tested with a staged program rather than one heroic scan.

Stage 1 — Define a real functional target

Choose a task with a defensible outcome set 𝒜𝑇 . The criterion should distinguish mean performance from catastrophic
lapses, account for speed–accuracy tradeoffs, and connect to a meaningful function. For a sustained task, one example is

𝑔𝑇 (𝑌 ) = 𝑤1 Accuracy−𝑤2 OmissionRate−𝑤3𝑄0.95(𝑅𝑇 ) − 𝑤4 RuleBreaks, (17.102)

with weights fixed before analysis and scaled so that every term contributes in a common utility unit. For writing, progress
and task-context reconstruction may matter more than reaction time.

Stage 2 — Sample within-person dynamics densely

Collect repeated sessions across medication state, sleep, time of day, reward, and interruption context. Use synchronized
behavior, eye tracking, physiology, and a neural modality with appropriate temporal resolution. Sparse between-person
snapshots cannot separate trait-like parameters from day-specific state.
For person 𝑖, decompose unwanted-exit hazard as

𝜆𝑈𝑖(𝑡) = 𝜆0(𝑡) exp [𝛼𝑖 + 𝛾𝑑(𝑖,𝑡) + 𝛽𝑚𝑚𝑖𝑡 + 𝛽ℎℎ𝑖𝑡 + 𝛽𝑟𝑟𝑖𝑡 + 𝛽𝑐𝑐𝑖𝑡] , (17.103)

where 𝜆0(𝑡) is a common baseline hazard, 𝛼𝑖 is trait-like, 𝛾𝑑 is day-level, and the remaining terms are state/context de-
pendent. Covariates and coefficients must make the exponential predictor dimensionless. Reliability requires enough
observations at every level.
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Stage 3 — Randomize perturbations

Present internal-capture analogues, reward cues, visual distractors, notifications, and valid switch cues in randomized se-
quences. Perturbation amplitude, onset, modality, and goal relevance should be independently manipulated. This enables
an impulse-response estimate

ℎ𝑦𝑝(𝜏) = 𝛿 𝔼[𝑦(𝑡 + 𝜏)]
𝛿𝑝(𝑡) , (17.104)

and tests whether identical inputs have larger consequences near inferred envelope boundaries.

Stage 4 — Fit competing model families

Compare at least:

1. a static trait model;
2. a mean-activation/connectivity model;
3. a discrete HMM or HSMM;
4. a switching linear dynamical system;
5. a nonlinear stochastic state-space model;
6. a model with and without separate adaptive and unwanted exit hazards;
7. for the non-normal hypothesis, models constrained to normal versus unconstrained directed operators.

Evaluation must be out of sample. For predictive density,

elpd =
𝑁

∑
𝑖=1

log 𝑝(𝑦𝑖 ∣ 𝑦−𝑖), (17.105)

or a held-out log score can compare models. Report calibration, discrimination, uncertainty, and practical value—not only
likelihood-ratio significance.

Stage 5 — Validate lifecycle events

An algorithmically decoded “departure” should precede behaviorally defined lapses, subjective off-task reports, gaze dis-
placement, or loss of task representation. A decoded “return” should predict recovered task context, not merely a cluster
change. Convergent validity is mandatory because state transitions can be produced by motion or physiology.

Stage 6 — Test causal intervention fingerprints

Use randomized crossover for acutemedicationwhere appropriate, parallel-group longitudinal designs for learning, factorial
designs for combined treatment, and repeated post-treatment assessments with and without acute medication. Separate:

• target engagement;
• state-dynamic change;
• cognitive change;
• core symptom change;
• functional outcome;
• persistence after treatment.

Stage 7 — Replicate across development without pooling it away

Fit age-varying effects

𝛽(𝑎) =
𝐽

∑
𝑗=1

𝛾𝑗𝐵𝑗(𝑎), (17.106)

with spline basis 𝐵𝑗, rather than imposing a single child-to-adult coefficient. Test whether measurement, state dictionary,
and treatment fingerprint are invariant. Developmental reversals in medication connectivity effects make this more than a
statistical refinement.

Stage 8 — External ecological validation

The final test is not whether a latent-state figure is attractive. It is whether the model predicts real episodes of beginning,
persisting, resuming, and switching in daily life. Passive sensing should be consented, minimal, and privacy preserving.
Ecological momentary assessment can sample task identity, goal relevance, mind wandering, affect, context, and perceived
return without turning a person’s life into continuous surveillance.

158



FLOW HIJACKED · ADHD INTO THE TASK

244 Pre-lapse dynamics: what happens immediately before attention departs?
The scientific question “what happens before a lapse?” is sharper than “which region is underactive in ADHD?” Let 𝑡𝐿
be a behaviorally validated lapse time. Align trials to 𝑡𝐿 = 0 and estimate a precursor process 𝑧(𝑡) for 𝑡 < 0. Candidate
predictors include:

• increasing uncertainty of the task-rule representation;
• changing salience–control–default coupling;
• pupil-linked arousal drift;
• local sleep or oscillatory markers;
• rising model residual variance;
• approach to a viability boundary 𝑑𝑇 (𝑥𝑡, 𝑐𝑡) ↓ 0;
• increasing non-normal finite-time gain;
• a value reversal in which a competing target becomes more attractive.

A time-dependent hazard model is

𝜆𝑈(𝑡 ∣ ℱ𝑡) = 𝜆0(𝑡) exp [𝛽𝑑𝑑𝑇 (𝑥𝑡, 𝑐𝑡) + 𝛽𝑔 log𝐺𝐻(𝑡) + 𝛽𝑎𝑎𝑡 + 𝛽𝑟Δ𝑟𝑡 + 𝛽𝑠𝑠𝑡] , (17.107)

where 𝐺𝐻(𝑡) = sup0<𝜏≤𝐻 ‖Φ(𝑡 + 𝜏, 𝑡)‖2, Δ𝑟𝑡 is competing-value advantage, and 𝑠𝑡 is a spontaneous-thought or sleep-
related measure. The signs should be preregistered when theory justifies them; flexible feature discovery should be followed
by independent confirmation.
In the absence of censoring, predictive performance can be evaluated with the time-dependent Brier score

BS(𝑡) = 1
𝑁

𝑁
∑
𝑖=1

(1{𝜏𝑈𝑖 ≤ 𝑡} − 𝐹𝑈𝑖(𝑡))
2 , (17.108)

Under censoring, Equation 17.108 must be replaced by an inverse-probability-of-censoring-weighted or otherwise consis-
tent estimator. Calibration curves should accompany the score.
The key alternative explanations must enter the model. If head motion precedes apparent state change, does it represent
artifact, behavior adjacent to the lapse, or both? If arousal accounts for the effect, a network-specific interpretation should
contract. If reward changes performance without changing the decoded state, the envelope may be misdefined. A strong
model learns from these failures.

OPEN QUESTION

Is there a reproducible, person-general pre-lapse signature, or are there multiple routes with person-specific precursors?
The heterogeneity literature makes the second possibility serious.

245 Discriminating predictions
The TSVE has scientific value only if it makes predictions that simpler models do not.

Prediction 1 — Lifecycle decomposition will outperform one attention score

A model containing entry, unwanted exit, recovery, and adaptive release should predict functional outcomes better than
mean accuracy, total symptom score, or reaction-time variability alone:

Δ𝑅2
life = 𝑅2(𝑌functional ∣ 𝐿𝑇 , 𝑍) − 𝑅2(𝑌functional ∣ 𝑆ADHD, ̄𝑌 ,Var(𝑅𝑇 ), 𝑍) > 0. (17.109)

This gain should replicate out of sample. If it vanishes after correction for complexity, the lifecycle decomposition has not
earned its place.

Prediction 2 — Similar symptom severity will conceal distinct dynamical profiles

Among people matched on symptom score, mixture or hierarchical models should identify reproducible differences such
as high entry cost, high unwanted-exit hazard, slow recovery, or low adaptive-release hazard. These profiles should predict
different everyday impairments and differential response to interventions.

Prediction 3 — Reward will alter more than mean activation

Incentive or intrinsic interest should change the entry committor, viable occupancy, or unwanted-exit hazard in at least
some participants. The magnitude may depend on reward phase and baseline value sensitivity. For a hyperfocus-like
profile, reward may improve entry and dwell while worsening valid release. A uniformly beneficial scalar “motivation”
effect would argue against the dual-exit model.
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Prediction 4 — Medication effects will be metric-, context-, and timescale-specific

Acute medication should alter some components of Ψ without universally moving all neural measures toward a control
mean. The sign may differ with age, task, dose, and baseline state. Durable off-drug policy or developmental change
should not be inferred from acute fingerprints.

Prediction 5 — Psychotherapy and organizational treatment will preferentially affect policy-linked
variables

Skills-based treatment should reduce entry and recovery latency, improve cue-triggered switching, or reduce the functional
cost of departures even when acute neural gain estimates remain unchanged. If direct neural changes occur, they should be
tested as mediators rather than assumed.

Prediction 6 — Combined treatment may produce complementary, not simply additive, fingerprints

In a factorial design, medication may change early state occupancy while skills treatment changes return policies and long-
term cue use. Complementarity is supported if the joint condition covers more lifecycle dimensions or produces persistent
strategy use—not merely if a total score shows an interaction.

Prediction 7 — Pre-lapse predictors will be state dependent

The same perturbation will have larger effects near a viability boundary or under high estimated transient gain. Models
using perturbation-by-state interactions should outperform models using perturbation magnitude alone:

𝜆𝑈 ∝ exp{𝛽1‖𝑝‖ + 𝛽2𝑑𝑇 + 𝛽3‖𝑝‖𝑑𝑇 }. (17.110)

Prediction 8 — Resting state will not substitute for task dynamics

Rest-derived parameters may constrain priors, but task-evoked transitions and performance-validated states should add pre-
dictive information. If rest alone predicts all lifecycle quantities equally well, the emphasis on assembled task configurations
requires revision.

Prediction 9 — There are multiple viable configurations, including compensatory ones

Successful performance should occupy a set rather than a single cluster, and some clinically favorable treatment shifts
should be non-normalizing. A model that forces all successful trajectories toward the control mean should predict worse
than a set-valued model.

Prediction 10 — Hyperfocus and distractibility will dissociate under valid switch cues

Unwanted-exit and adaptive-release hazards should be statistically separable and differentially associated with self-reported
hyperfocus, time loss, and functional cost. If they collapse onto one persistence factor across tasks and contexts, the Dual-
Exit Principle is unsupported.

Prediction 11 — Development changes the envelope and observation map

Age should moderate state dictionaries, transition dynamics, and treatment fingerprints. Apparent symptom remission
may reflect enlarged viability sets, altered policies, compensatory routes, or better environmental fit rather than complete
convergence to a normative connectome.

Prediction 12 — Non-normal measures must add specific predictive value or be abandoned

After controlling for spectral stability, static and dynamic connectivity, task state, motion, physiology, arousal, sleep, symp-
toms, and perturbation amplitude, non-normal gain should predict displacement magnitude or recovery time:

Δ elpdNN = elpd(𝑀base+NN) − elpd(𝑀base) > 0. (17.111)

No replicable increment means no empirical reason to retain the ADHD-specific non-normality hypothesis.
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Proposed component Result that resists or falsifies it Required response

246 Falsification conditions
The framework should be weakened, revised, or rejected under the following results.
Proposed component Result that resists or falsifies it Required response

Lifecycle decomposition Entry, departure, return, and release are not reliably
separable; a single factor predicts equally well

abandon the multidimensional lifecycle claim

Task-state viability set Successful trials occupy one stable point-like state and a
set-valued model adds no prediction

replace the envelope with the simpler model

Context-sensitive envelope Reward, sleep, cueing, and task demand do not alter
state–performance mapping

remove or narrow context dependence

Dynamic account Static traits and mean activation explain held-out
performance as well as dynamic models

do not claim dynamics add explanatory value

Dual-Exit Principle Unwanted and adaptive exits share one invariant hazard
and do not dissociate behaviorally

reject the principle

Hyperfocus profile Hyperfocus measures do not associate with
adaptive-release cost or show no reproducible task
signature

keep hyperfocus phenomenological; remove the
mechanism

Treatment fingerprints Different interventions yield indistinguishable lifecycle
changes after adequate power

abandon claims of parameter-specific complementarity

Learning corridor Medication-related state change does not precede or
mediate skill acquisition; no persistent policy effect

reject the corridor mechanism

Metastable/attractor language HMM dwell changes fail to correspond to perturbation
recovery or transition barriers

stop translating dwell into attractor geometry

Non-normal amplification Directed operators are not reliable, non-normal metrics
do not replicate, or add no prediction

delete the ADHD-specific non-normal hypothesis

Developmental model Parameters and observation maps prove invariant across
age

simplify the multiscale developmental account

Person-specific claim Within-person parameters are unreliable across days and
add no ecological prediction

restrict the model to group-level research, not individual
use

A framework that reinterprets every null result as “hidden complexity” is not falsifiable. Complexity is justified only when
it improves calibrated prediction, causal explanation, or intervention selection under external validation.

Negative controls

Strong tests should include:

• tasks unrelated to the hypothesized configuration;
• irrelevant perturbation channels not expected to align with high-gain directions;
• sham or expectancy-matched conditions where possible;
• non-ADHD clinical comparison groups with anxiety, depression, sleep deprivation, PTSD, autism, or substance-related
attentional impairment;

• simulated data with known operators to verify recovery of non-normal quantities;
• phase-randomized or temporally permuted neural controls;
• alternate preprocessing pipelines and motion thresholds;
• predictive baselines using symptoms and behavior alone.

Specificity matters. If the same signature appears across every form of fatigue or distress, it may index general state
regulation rather than ADHD. That can still be scientifically valuable, but the diagnostic claim must contract.

247 Ethical and clinical limits
The TSVE is not a diagnostic replacement

ADHD diagnosis rests on a developmental clinical syndrome, impairment, cross-context evidence, and differential diagno-
sis. The TSVE does not decide whether concentration difficulty arises from ADHD, sleep deprivation, depression, anxiety,
PTSD, bipolar disorder, substance effects, autism, medical illness, environmental overload, or another cause. A dynamical
transition problem may be transdiagnostic.

Viability is task- and value-dependent

The acceptable set 𝒜𝑇 contains normative choices. Who defines success? A workplace can impose fragmented demands
that make nearly everyone’s viable set smaller. A school can reward stillness rather than learning. A family can label intense
creative engagement pathological because it violates convenience. Every use of 𝑦min and 𝑞 must therefore state whose goal
is being optimized and what burden is imposed.
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Difference is not defect at every coordinate

A point farther from the control-group mean is not automatically worse. DMN activity supports memory, simulation,
planning, self-related cognition, and creativity. Flexibility can rescue a failing strategy; stability can become perseveration.
A humane model evaluates goal alignment, safety, function, and subjective cost—not conformity to a mean connectome.

Model-derived risk can stigmatize

Predicted lapse risk in education, employment, insurance, or driving could be misused. Before any individual application,
the model would require external validation, fairness analysis, uncertainty communication, governance, and strict limits on
secondary use. A state estimate should not become a new biological moral score.

Treatment choice remains clinical and individual

The equations do not prescribe medication, psychotherapy, or environmental change. Treatments differ in evidence, onset,
adverse effects, contraindications, monitoring, accessibility, and personal preference. Acute symptom efficacy is not full
recovery; functional support can matter even when core symptoms persist. Any clinical decision belongs with a qualified
professional and the person affected.

Compassion is not mathematically optional

The model’s moral contribution is modest but important. Inconsistent performance need not imply indifference, laziness, or
lack of intelligence. If the probability of entering and retaining a useful configuration changes with context, reward, sleep,
perturbation, development, and treatment, then behavior cannot be read as a transparent measure of character. The correct
response is neither blame nor romanticization. It is precise curiosity about conditions, costs, and supports.

Stable eigenvalues can coexist with transient growth

𝑡

‖𝛿𝑥(𝑡)‖2

transient amplification

monotone decay

Conceptual mathematics only—no direct ADHD operator estimate currently establishes this mechanism.

248 The five-layer conclusion
ESTABLISHED EVIDENCE

ADHD is a heterogeneous developmental disorder defined clinically, with substantial genetic contribution and meaning-
ful environmental modulation. Network neuroscience does not identify one broken region or one “task-positive network.”
The DMN is adaptive. Goal-directed behavior recruits changing configurations involving frontoparietal, dorsal and ven-
tral attention, salience, cingulo-opercular, corticostriatal, thalamic, cerebellar, sensory, motor, and memory systems. In
some ADHD samples, studies report differences in segregation, dynamic connectivity, state occupancy, dwell, transitions,
response variability, or the stability of task representations. Effects are often small, method dependent, and not diagnos-
tically specific. Reward can alter performance and recruitment. Medication can alter some network measures acutely and
over selected longer intervals, without justifying a blanket claim of “brain normalization.” Psychosocial interventions can
improve symptoms and function even though direct neural mediation evidence remains sparse.

SUPPORTED INTERPRETATION

A deeper description than “attention deficit” is scientifically defensible: ADHD can involve difficulty regulating the alloca-
tion, stabilization, and transition of cognition across distributed configurations. This interpretation accommodates variable
performance, sensitivity to reward and salience, mind wandering, altered timing, task-initiation difficulty, and some forms
of intense persistence without reducing any one of them to willpower. It is a cross-study description, not a singular patho-
physiology.
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PLAUSIBLE SYNTHESIS

Medication, psychotherapy, sleep, reward, and environment may operate on different layers of the same coupled system.
Medication may alter catecholamine-dependent gain, noise, value weighting, and state occupancy. Psychotherapy and
organizational treatment may alter policies for entry, monitoring, recovery, and release. Environmental modification may
change initial conditions, perturbation rates, and task demands. Combined treatment may be complementary because
state availability and learned strategy are different variables. These bridges are plausible, but most have not been jointly
estimated.

FLOW HIJACKED HYPOTHESIS

The Task-State Viability Envelope proposes that a task can be supported by many configurations, and that impairment
can arise through distinct failures of entry, residence, recovery, or adaptive release. The Dual-Exit Principle predicts that
vulnerability to unwanted departure and ability to leave after a valid cue are separable. A further hypothesis proposes that
non-normal directed dynamics could transiently amplify selected salient perturbations despite stable eigenmodes. No direct
ADHD evidence currently establishes the non-normal component.

OPEN QUESTION

Do these lifecycle parameters replicate within people across days? Do they improve ecological prediction beyond symptoms
and ordinary behavior? Which neural precursors reliably precede a lapse? Which changes mediate acute medication effects,
durable psychotherapy learning, or their combination? Does hyperfocus reflect low adaptive-release hazard, another mech-
anism, or several mechanisms? Are apparent developmental improvements normalization, compensation, environmental
fit, or mixtures? Do directed non-normal measures add anything after rigorous controls?

249 Final answer to the central question
Is ADHD best understood as a deficit of attention? That phrase captures one visible layer: people can have persistent
difficulty sustaining attention where a task requires it. But it is not the deepest available description.
A more complete account asks whether cognition can be allocated to the relevant goal, whether a task-supporting config-
uration can be assembled, how reliably that configuration can be stabilized, what perturbations displace it, how quickly
it can be reconstructed, and whether it can be released when the goal changes. Reward, salience, catecholamines, sleep,
development, learning, and environment reshape each of these operations. No single network is simply “on” while another
is “off.” The problem is coordinated configuration across time.
The Task-State Viability Envelope turns that account into a research program. It does not say that every person with ADHD
has a narrow envelope, a shallow attractor, high neural noise, or a non-normal operator. It says that those are distinguishable
hypotheses. It demands measurements of entry, dwell, perturbation response, return, and valid release. It allows multiple
viable neural solutions. It makes treatment a question of which parameter changed, at which timescale, for which outcome,
in which person and context.
The clinically humane answer is therefore neither “the person lacks attention” nor “the person can focus, so nothing is
wrong.” Capacity can be present while reliable control over its deployment is costly and unstable. Intense engagement can
coexist with difficulty disengaging. Medication may change the probability landscape without teaching a life strategy. Psy-
chotherapy may teach a strategy without erasing developmental vulnerability. Environmental design may improve function
without normalizing a brain.
The scientific answer remains conditional: ADHD is defensibly described as involving altered regulation of the allo-
cation, stabilization, transition, recovery, and release of cognition across competing neural configurations—but the
TSVE is an original, unvalidated formalization of that description. Its value will be determined not by elegance, but
by whether it predicts better, guides discriminating experiments, survives contradictions, and can be proven wrong.

250 Equation and symbol register
Object Definition Status

𝑥𝑡 continuous latent task-relevant state modeling choice
𝒜𝑇 acceptable outcome trajectories task/normative definition
𝑣𝜋

𝑇 (𝑥, 𝑐, 𝑡) conditional probability of acceptable near-future
performance

proposed estimand

𝒱𝜋
𝑇 superlevel set {𝑥 ∶ 𝑣𝜋

𝑇 ≥ 𝑞} Flow Hijacked TSVE
Viab𝑇 states viable under at least one admissible policy control-theoretic extension
𝜏entry first hitting time of the viable set after task cue proposed lifecycle variable
𝜆𝑈 cause-specific hazard of unwanted exit proposed lifecycle variable
𝜏return first return time after unwanted exit proposed lifecycle variable
𝜆𝐴 cause-specific hazard of valid exit after switch cue proposed lifecycle variable
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Object Definition Status

𝜏switch delay from valid cue to viable state for next task proposed lifecycle variable
𝒮exit cue-selectivity contrast of adaptive and unwanted exits Flow Hijacked hypothesis
𝑆𝑘 discrete latent state in HMM/HSMM established statistical object
𝑀sync variance of phase-synchrony order parameter one metastability operationalization
𝑊𝑐(𝑇𝑓) finite-horizon controllability Gramian established control-theory object
𝐸min minimum model input to a target point or set model-derived, not subjective effort
𝐴𝑇 (𝑡) local directed tangent operator must be estimated; not static FC
𝐺(𝑡) maximum finite-time perturbation amplification established linear-systems object
𝐺max supremal transient gain ADHD application untested
ℛ(𝑖𝜔; 𝐴) resolvent operator established systems object
Λ𝜀(𝐴) 𝜀-pseudospectrum established mathematical object
𝜙𝑡 learned policy parameters proposed mechanistic layer
𝜃𝑑 slow developmental parameters proposed mechanistic layer
Ψ intervention lifecycle fingerprint Flow Hijacked hypothesis

A worked interpretation of the Task-State Viability Envelope
Imagine a concrete task: preparing and sending an accurate report by a fixed deadline while messages, internal thoughts,
fatigue, and a second obligation compete for control. The acceptable outcome set must specify more than “worked on
report.” It may require a correct document, no critical omission, submission before the deadline, and a tolerable cost. The
horizon includes initiation, sustained work, interruption, recovery, and final release. The perturbation law describes when
notifications or internally generated events occur; the admissible policy describes controls that are realistically available,
such as silencing alerts, using a checklist, taking a planned break, or receiving medication.
The TSVE is then the set of latent states from which criterion performance remains sufficiently probable under those
conditions. A treatment need not move every neural variable toward a population mean. It might enlarge the viable set,
shorten first-passage time into it, lower unwanted-exit hazard, reduce control energy, or accelerate re-entry. A strategy can
act by changing the policy; an environmental modification can weaken the perturbation; reward can reshape the boundary;
learning can alter slower parameters. These are distinct intervention fingerprints.
The Dual-Exit Principle prevents hyperfocus from being mistaken for perfect control. Remaining in the report state when
the report is relevant and leaving it when the deadline has beenmet are different achievements. A system can resist irrelevant
exits yet release poorly, or switch easily yet fail to protect the task from distraction. The model therefore predicts at least
two exit hazards rather than one generic flexibility score.
This worked example remains a Flow Hijacked synthesis. The latent state is not directly observed, and fMRI connectivity
is not the envelope itself. Empirical tests require operational proxies, preregistered thresholds, repeated within-person
sampling, competing baseline models, and outcomes outside the laboratory. If TSVE-derived metrics fail to add reliable
prediction or cannot distinguish adaptive from unwanted transitions, the framework must be revised or rejected.

Evidence anchors: influence is not reliability · 1/2
Citation counts are a dated discovery aid, not a quality score. Each claim in the lecture is still graded by design, directness, replication, recency, and
contradiction.

1. Maurizio Corbetta (2002)—Control of goal-directed and stimulus-driven atten-
tion in the brain. DOI 10.1038/nrn755; 13,157 citations

2. Marcus E. Raichle (2001) — A default mode of brain function. DOI 10.1073/p-
nas.98.2.676; 12,505 citations

3. B.T. Thomas Yeo (2011) — The organization of the human cerebral cortex esti-
mated by intrinsic functional connectivity. DOI 10.1152/jn.00338.2011; 10,055
citations

4. Randy L. Buckner (2008) — The Brain’s Default Network. DOI 10.1196/an-
nals.1440.011; 9,983 citations

5. Michael Fox (2005) — The human brain is intrinsically organized into dynamic,
anticorrelated functional networks. DOI 10.1073/pnas.0504136102; 8,923 cita-
tions

6. Jonathan D. Power (2011) — Spurious but systematic correlations in
functional connectivity MRI networks arise from subject motion. DOI
10.1016/j.neuroimage.2011.10.018; 7,963 citations

7. William W. Seeley (2007) — Dissociable Intrinsic Connectivity Networks
for Salience Processing and Executive Control. DOI 10.1523/jneurosci.5587-
06.2007; 7,645 citations

8. Russell A. Barkley (1997) — Behavioral inhibition, sustained attention, and ex-
ecutive functions: Constructing a unifying theory of ADHD.. DOI 10.1037/0033-
2909.121.1.65; 7,355 citations

9. Vinod Menon (2010) — Saliency, switching, attention and control: a network
model of insula function. DOI 10.1007/s00429-010-0262-0; 5,767 citations

10. Jonathan D. Power (2011) — Functional Network Organization of the Human
Brain. DOI 10.1016/j.neuron.2011.09.006; 4,480 citations

11. Steven E. Petersen (2012) — The Attention System of the Human Brain: 20
Years After. DOI 10.1146/annurev-neuro-062111-150525; 3,499 citations

12. The MTA Cooperative Group (1999) — A 14-month randomized clinical trial
of treatment strategies for attention-deficit/hyperactivity disorder. The MTA Co-
operative Group. Multimodal Treatment Study of Children with ADHD.. DOI
10.1001/archpsyc.56.12.1073; 3,393 citations

13. Nico U.F. Dosenbach (2007) — Distinct brain networks for adaptive and stable
task control in humans. DOI 10.1073/pnas.0704320104; 2,769 citations

14. Ditte Demontis (2018) — Discovery of the first genome-wide significant risk
loci for attention deficit/hyperactivity disorder. DOI 10.1038/s41588-018-0269-
7; 2,354 citations

15. Philip Shaw (2007)—Attention-deficit/hyperactivity disorder is characterized by
a delay in cortical maturation. DOI 10.1073/pnas.0707741104; 1,855 citations

16. Stephen V. Faraone (2021) — The World Federation of ADHD International
Consensus Statement: 208 Evidence-based conclusions about the disorder. DOI
10.1016/j.neubiorev.2021.01.022; 1,519 citations

17. Samuele Cortese (2018) — Comparative efficacy and tolerability of medica-
tions for attention-deficit hyperactivity disorder in children, adolescents, and
adults: a systematic review and network meta-analysis.. DOI 10.1016/s2215-
0366(18)30269-4; 1,401 citations
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Evidence anchors: influence is not reliability · 2/2
Citation counts are a dated discovery aid, not a quality score. Each claim in the lecture is still graded by design, directness, replication, recency, and
contradiction.

1. Stephen V. Faraone (2015) — Attention-deficit/hyperactivity disorder. DOI
10.1038/nrdp.2015.20; 1,386 citations

2. Stephen V. Faraone (2018) — Genetics of attention deficit hyperactivity disor-
der. DOI 10.1038/s41380-018-0070-0; 1,346 citations

3. Brooke S. G. Molina (2009) — The MTA at 8 years: prospective follow-
up of children treated for combined-type ADHD in a multisite study.. DOI
10.1097/chi.0b013e31819c23d0; 1,182 citations

4. Frank P. Bymaster (2002) — Atomoxetine increases extracellular levels of
norepinephrine and dopamine in prefrontal cortex of rat: a potential mecha-
nism for efficacy in attention deficit/hyperactivity disorder.. DOI 10.1016/s0893-
133x(02)00346-9; 1,143 citations

5. Samuele Cortese (2012) — Toward Systems Neuroscience of ADHD: A Meta-
Analysis of 55 fMRI Studies. DOI 10.1176/appi.ajp.2012.11101521; 1,080 cita-
tions

6. Martine Hoogman (2017) — Subcortical brain volume differences in partici-
pants with attention deficit hyperactivity disorder in children and adults: a cross-
sectional mega-analysis. DOI 10.1016/s2215-0366(17)30049-4; 912 citations

7. Edmund Sonuga-Barke (2007) — Spontaneous attentional fluctuations in im-
paired states and pathological conditions: a neurobiological hypothesis.. DOI
10.1016/j.neubiorev.2007.02.005; 900 citations

8. Edmund Sonuga-Barke (2002) — Psychological heterogeneity in AD/HD—
a dual pathway model of behaviour and cognition. DOI 10.1016/s0166-
4328(01)00432-6; 900 citations

9. Nora D. Volkow (1998) — Dopamine transporter occupancies in the hu-
man brain induced by therapeutic doses of oral methylphenidate.. DOI

10.1176/ajp.155.10.1325; 893 citations

10. Timothy E. Wilens (2003) — Does stimulant therapy of attention-
deficit/hyperactivity disorder beget later substance abuse? A meta-analytic review
of the literature.. DOI 10.1542/peds.111.1.179; 875 citations

11. F. Xavier Castellanos (2008) — Cingulate-precuneus interactions: a new
locus of dysfunction in adult attention-deficit/hyperactivity disorder.. DOI
10.1016/j.biopsych.2007.06.025; 871 citations

12. Ditte Demontis (2023) — Genome-wide analyses of ADHD identify 27 risk
loci, refine the genetic architecture and implicate several cognitive domains. DOI
10.1038/s41588-022-01285-8; 804 citations

13. Nora D. Volkow (2001) — Therapeutic doses of oral methylphenidate
significantly increase extracellular dopamine in the human brain.. DOI
10.1523/jneurosci.21-02-j0001.2001; 769 citations

14. Min Wang (2007) — Alpha2A-adrenoceptors strengthen working memory net-
works by inhibiting cAMP-HCN channel signaling in prefrontal cortex.. DOI
10.1016/j.cell.2007.03.015; 683 citations

15. Paul Lichtenstein (2012) — Medication for attention deficit-hyperactivity disor-
der and criminality.. DOI 10.1056/nejmoa1203241; 621 citations

16. James M. Shine (2019)— Human cognition involves the dynamic integration of
neural activity and neuromodulatory systems. DOI 10.1038/s41593-018-0312-0;
593 citations

17. MTA Cooperative Group (2004) — National Institute of Mental Health
Multimodal Treatment Study of ADHD follow-up: 24-month outcomes
of treatment strategies for attention-deficit/hyperactivity disorder.. DOI
10.1542/peds.113.4.754; 593 citations

How these anchors are used. Influence and reliability occupy different axes. Citation count accumulates with age, field size, accessibility, controversy,
and repeated use as a conventional reference. It can identify the papers that shaped scientific language, but it does not reveal whether an effect is large, a
design is unbiased, or a result has survived modern preprocessing and replication. A highly cited theory may remain historically indispensable after some
of its empirical predictions have been qualified.
The lecture therefore assigns each anchor at least four companions: the strongest direct test, a recent synthesis, a serious contradiction or limitation,
and—where relevant—a developmental or treatment-specific update. Foundational network papers define objects such as the default, control, attention,
and salience systems; they do not by themselves establish an ADHD abnormality. Landmark treatment trials establish contrasts under their own protocols
and follow-up windows; they do not automatically answer lifetime causality or neural mediation.
Recent frontier papers face the opposite problem. They may use stronger samples, dynamic methods, or randomized pharmacological designs while
having little time to accumulate citations. They are retained when they alter a live inference, but labeled for citation lag and read alongside preregistration,
sample size, multiplicity, motion control, and independent replication. This two-axis policy prevents prestige from substituting for design and prevents
recency from substituting for confirmation.
In the spoken lecture, an anchor earns emphasis only when it clarifies the claim currently being made. The audience should be able to hear whether a
paper is historical, directly evidential, synthesizing, contradictory, or hypothesis-generating. That explicit role is more informative than a long name-drop
and makes later scientific correction possible without dismantling the entire narrative.
The operational consequence is a claim ledger rather than a prestige ladder. Each consequential sentence is linked to the best available source, the reason
that source is fit for purpose, the main uncertainty, and the evidence that would change the wording. Citation counts remain visible because intellectual
history matters, but they never determine the confidence label. A low-citation randomized study may carry more causal weight for a narrow treatment
question than a famous review; a highly cited atlas may define a network while saying nothing about diagnosis. Keeping both facts visible is the point of
the anchor pages.
A practical checkpoint asks whether removing the famous citation would change the claim’s evidential strength. If it would, the claim needs a direct
source or narrower wording. If it would not, the classic paper can remain as history while the inferential burden is carried by the better-matched evidence.
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MATHEMATICAL APPENDIX 1/7 · Notation and dimensional discipline
Notation and dimensional discipline

Every symbol is indexed by task 𝑇 , person 𝑖, and time 𝑡 whenever invariance cannot be defended. The fast state is
𝑥𝑡 ∈ ℝ𝑛; observable context is 𝑐𝑡; control is 𝑢𝑡; perturbation is 𝑝𝑡; slow developmental and learned parameters are
𝜃𝑑 and 𝜙𝑡. A model is dimensionally valid only when both sides of every equation share units. Control energy is a
mathematical functional, not literal metabolic expenditure.

Interpretation and estimation. The indexing rule prevents an easy but consequential category error. A parameter esti-
mated during one laboratory condition should not silently become a property of the person across all tasks. For example,
an entry cost inferred during a delayed, low-reward task may change under immediate feedback, sleep loss, medication, or
external cueing. The units also force measurement choices into the open: a behavioral latency is measured in time, a prob-
ability is dimensionless, a questionnaire score is ordinal unless stronger assumptions are defended, and a BOLD-derived
coordinate is not itself a neurotransmitter concentration. In an empirical implementation, each coordinate of 𝑥𝑡 should
therefore be accompanied by its measurement scale, temporal resolution, uncertainty model, and expected invariances.
Nondimensionalization may be useful for numerical work, but the scale factors must be retained so that a change in model
energy is not narrated as a known change in subjective effort or cerebral metabolism. The mathematics earns explanatory
value only when the map from symbols to observations remains explicit.

Worked implication. A practical scaling step begins by selecting characteristic magnitudes 𝑡0, 𝑥0, 𝑢0, and 𝑝0, then
defining ̃𝑡 = 𝑡/𝑡0, ̃𝑥 = 𝑆−1

𝑥 𝑥, 𝑢̃ = 𝑢/𝑢0, and ̃𝑝 = 𝑝/𝑝0. Dimensionless groups reveal which effects can actually be
compared across tasks. If a modeled recovery constant is 𝜅 with units s−1, then 𝜅𝑡0—not 𝜅 alone—governs recovery
relative to the task timescale. Scaling choices should be learned on training data and frozen before validation. Otherwise
normalization can leak group information, exaggerate separation, or make a person-specific deviation appear like a universal
ADHD coordinate.

Formal checks and failure cases. An audit begins with a symbol table containing domain, units, sampling interval,
transformation, and the level at which variation is allowed. If 𝑥𝑖𝑇 𝑡 is standardized separately within every task, between-task
differences have been removed by construction; if it is standardized globally, site and age composition may dominate. Scale
parameters must therefore be learned inside each training fold. Dimensionless coordinates do not remove interpretation:
the inverse map must be retained. A second audit checks reparameterization. If multiplying one latent coordinate by 𝑎 and
dividing its loading by 𝑎 leaves the observation law unchanged, the coordinate scale is unidentified without a constraint.
Likewise, a “control-energy” difference can result from 𝐵𝑇 , the state metric, the target set, or the time horizon. Reporting
only the scalar minimum conceals those dependencies. Sensitivity analyses should vary plausible scales and metrics, then
ask whether rankings, treatment contrasts, and failure predictions survive. If they do not, the result belongs to the chosen
representation rather than to a stable property of cognitive regulation.
A compact dimensional check is to write [𝑥𝑗] = 𝑋𝑗, [𝑡] = 𝑇 , and demand [𝑓𝑗] = 𝑋𝑗𝑇 −1, [𝐵𝑗𝑘𝑢𝑘] = 𝑋𝑗𝑇 −1, and
[𝐸𝑗ℓ𝑝ℓ] = 𝑋𝑗𝑇 −1. For stochastic terms, [𝑑𝑊𝑡] = 𝑇 1/2, so [Σ𝑗𝑘] = 𝑋𝑗𝑇 −1/2. Violating this rule can be hidden by
standardized data yet reappear when sampling intervals or tasks change. Unit-consistent code should be tested by rescaling
seconds to milliseconds and verifying that physical predictions remain invariant after parameter conversion.
Index discipline supplies a parallel test. Dropping 𝑖, 𝑇 , or session 𝑠 asserts exchangeability at that level. The assertion
should be defended by invariance checks or represented hierarchically, for example 𝜃𝑖𝑇 = 𝜇 + 𝛼𝑖 + 𝛽𝑇 + 𝛾𝑖𝑇 . A compact
symbol is not permission to pool incompatible contexts. The index set is part of the model and should be included in every
estimand definition.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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State and observation models

The provisional controlled process is

𝑑𝑥𝑡 = 𝑓𝑇 (𝑥𝑡, 𝑐𝑡, 𝜃𝑑, 𝑚𝑡, 𝑎𝑡, 𝑟𝑡, ℎ𝑡)𝑑𝑡 + 𝐵𝑇 𝑢𝑡𝑑𝑡 + 𝐸𝑇 𝑝𝑡𝑑𝑡 + Σ𝑇 𝑑𝑊𝑡.
Measurements satisfy 𝑜𝑡 = 𝐻(𝑥𝑡, 𝑐𝑡) + 𝜈𝑡. Neither 𝑥𝑡 nor 𝐻 is identified by an fMRI parcellation alone. State
sufficiency, sampling adequacy, vascular invariance, task validity, and measurement error are explicit assumptions.

Interpretation and estimation. The state equation separates four roles that ordinary verbal explanations often mix. The
drift 𝑓𝑇 describes how the system would evolve under its present task and context; 𝐵𝑇 𝑢𝑡 represents modeled control inputs;
𝐸𝑇 𝑝𝑡 represents perturbations; and Σ𝑇 𝑑𝑊𝑡 represents stochastic variation at the chosen scale. This partition is provisional,
because the same event may be controllable at one level and exogenous at another. A phone notification can be an external
perturbation, while leaving the phone visible is a slower policy choice. The observation map 𝐻 is equally important:
reaction time, gaze, EEG, fMRI, and experience sampling reveal different projections of the latent process and operate at
different sampling rates. A defensible study would fit several observationmodels, test whether conclusions survive plausible
hemodynamic and measurement assumptions, and validate latent coordinates against behavior not used to construct them.
Without that discipline, a visually compelling trajectory may describe the analyst’s embedding more than the participant’s
cognitive dynamics.

Worked implication. With observations at discrete and possibly unequal times, one may write 𝑥𝑘+1 = 𝐹𝑘(𝑥𝑘, 𝑢𝑘, 𝑝𝑘) +
𝑤𝑘 and 𝑜𝑘 = 𝐻𝑘(𝑥𝑘) + 𝜈𝑘. Linear-Gaussian assumptions permit Kalman filtering; nonlinear or multimodal observations
may require extended filters, particle methods, or variational inference. Each method returns uncertainty as well as a
trajectory, and that uncertainty should propagate into dwell and transition estimates. Missingness is rarely ignorable in
demanding tasks: gaze loss, movement, skipped probes, and session dropout can all depend on the latent state. Jointly
modeling the missingness mechanism is therefore preferable to deleting the most unstable epochs.

Formal checks and failure cases. Observability is not guaranteed by collecting many channels. For a linear approxi-
mation, the finite-horizon observability Gramian 𝑊𝑜 = ∫𝑇

0 Φ(𝑡, 0)⊤𝐶(𝑡)⊤𝐶(𝑡)Φ(𝑡, 0) 𝑑𝑡 reveals directions that produce
distinguishable observations; small singular values mark combinations that data cannot resolve. Nonlinear models require
local rank checks, simulation-based recovery, or information measures, but the principle is unchanged. Sampling rates
must also be reconciled: millisecond electrophysiology, second-scale hemodynamics, intermittent thought probes, and
daily functioning cannot be concatenated as synchronous features. Their delays and integration kernels belong in 𝐻 . Miss-
ingness is potentially state dependent, because movement, gaze loss, skipped probes, or dropout may occur during the very
instability being modeled. A joint missingness model, explicit censoring analysis, and negative controls are preferable to
deletion. Finally, latent coordinates are defined only up to transformations permitted by the likelihood. Claims should
attach to invariant predictions—future error, recovery, or response to perturbation—rather than to a visually appealing axis
orientation.
Observability and controllability should not be conflated. A direction can be strongly affected by an input yet poorly visible
in the chosen sensors, or well observed but difficult to move with the modeled control. Their Gramians answer dual-looking
but distinct questions. Sensor placement, task design, and perturbation design should therefore be optimized together. A
proposed treatment mechanism is especially weak when the mediating direction is both weakly observable and identified
only through the same outcome it is meant to explain.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Viability and reach-stay probability

For acceptable outcome set 𝒜𝑇 and horizon Δ, define

𝑉 𝜋
𝑇 (𝑥, 𝑐) =

𝜋
Pr{𝑌𝑇 (𝑡 ∶ 𝑡 + Δ) ∈ 𝒜𝑇 ∣ 𝑥𝑡 = 𝑥, 𝑐𝑡 = 𝑐}.

The Task-State Viability Envelope at reliability 𝑞 is 𝒱𝜋
𝑇 (𝑐; 𝑞) = {𝑥 ∶ 𝑉 𝜋

𝑇 (𝑥, 𝑐) ≥ 𝑞}. The viability kernel additionally
requires an admissible policy that can retain the trajectory within constraints. Empirical estimation must specify
task, horizon, threshold, perturbation law, and control budget.

Interpretation and estimation. Viability differs from momentary success. A state belongs to the envelope only if it
supports an acceptable trajectory over the declared horizon with at least probability 𝑞 under the declared policy and pertur-
bation distribution. Increasing 𝑞 or lengthening Δ generally makes the envelope smaller; adding useful external cues or a
more effective policy may enlarge it. This gives treatment claims a sharper form. A stimulant might change local stabil-
ity or perturbation sensitivity, a planning routine might change the admissible policy set, and a quieter work environment
might change the perturbation law. These routes can produce the same observed completion rate while making different
predictions under challenge. Estimation could use repeated tasks with experimentally varied delay, reward, interruption,
and cue support, followed by hierarchical survival or state-space modeling. Cross-validation must occur across sessions or
contexts, not merely across adjacent time points. The envelope should also be outcome-specific: remaining seated is not
equivalent to learning, accurate completion, or adaptive disengagement when the task no longer serves the goal.

Worked implication. In a discretized state space, reach-stay probability can be computed by backward recursion. For
terminal value 𝑉𝐾(𝑥) = 1{𝑥 ∈ 𝒜𝑇 }, a finite-horizon policy satisfies 𝑉 𝜋

𝑘 (𝑥) = ∫ 𝑉 𝜋
𝑘+1(𝑥′)𝑃 (𝑑𝑥′ ∣ 𝑥, 𝜋(𝑥), 𝑐𝑘). Opti-

mization replaces the fixed action with a supremum over admissible controls. This distinction separates performance under
the person’s current policy from performance under a hypothetical best policy. Clinically, the gap may represent learnable
strategy, unavailable support, or a model misspecification; it cannot be interpreted as unused willpower. Robust envelopes
should also be recomputed under shifted perturbation laws rather than trusted only in the training environment.

Formal checks and failure cases. The envelope depends monotonically on some commitments but not all. Raising
reliability threshold 𝑞 or lengthening the required horizon generally shrinks a fixed-policy reach-stay set; enlarging the
admissible control set cannot shrink the corresponding viability kernel. Changing the acceptable outcome set, disturbance
law, or policy class can reverse apparent group rankings. These properties are diagnostic checks for code and interpretation.
Estimation from finite trials also creates boundary uncertainty: a state with estimated success probability 0.81 is not se-
curely inside a 𝑞 = 0.80 envelope if its interval spans the threshold. Bootstrap, posterior, or conformal uncertainty should
therefore accompany the boundary, and performance should be assessed on new perturbation schedules. Robust analysis
replaces one fitted disturbance distribution with an uncertainty set and asks which states remain viable in the least favor-
able admissible case. That may be clinically more meaningful than an optimistic average. Yet robustness has a price: an
overbroad uncertainty set can make every policy fail. The set must be justified by observed environments, and its coverage
audited prospectively.
For continuous state spaces, the boundary may be characterized through dynamic programming or a Hamilton–Jacobi reach-
ability equation; for discretized models, backward recursion approximates the same logic. Numerical resolution matters. A
coarse grid can merge a narrow viable corridor with a failing region, while an adaptive grid can overfit sampled trajectories.
Convergence should be shown across mesh size, horizon step, and interpolation rule. The empirical object is never “the”
envelope without these declared choices; it is an estimated envelope indexed by task, outcome, policy, disturbance class,
horizon, reliability, and numerical scheme.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Dwell, exit and competing risks

Entry and exit are stopping times. Let 𝜏in = inf{𝑡 ∶ 𝑥𝑡 ∈ 𝒱𝑇 } and 𝜏out = inf{𝑡 > 𝜏in ∶ 𝑥𝑡 ∉ 𝒱𝑇 }. For a fixed
covariate/history path and no additional exit causes, with cause-specific hazards 𝜆𝑈 for unwanted departure and 𝜆𝐴
for adaptive release,

𝑆(𝑡) = exp[− ∫
𝑡

0
(𝜆𝑈(𝑠) + 𝜆𝐴(𝑠))𝑑𝑠] .

Low unwanted-exit hazard and high valid-release hazard are distinct achievements: the Dual-Exit Principle.

Interpretation and estimation. Competing-risk notation prevents persistence from being treated as an unconditional
good. The cumulative incidence of unwanted exit is not 1 − 𝑆(𝑡) when adaptive completion or justified stopping can
occur first; each exit type must be observed or modeled separately. Censoring also requires care. The end of a scanner
block may truncate a successful dwell interval, while an experimenter’s instruction to stop is neither a lapse nor a self-
initiated release. Time-varying covariates can include fatigue, error history, reward proximity, arousal, and interruption
exposure, but coefficients should not be read causally unless the design supports that interpretation. A useful experiment
would distinguish first entry, stable engagement, micro-lapses, recovery, completion, and abandonment, then test whether
medication or behavioral scaffolding shifts the cause-specific hazards differently. The model predicts that two interventions
may yield the same average time on task while one reduces unwanted exits and the other merely delays valid completion.
This is why dwell time alone cannot define healthy control.

Worked implication. For cause 𝑘 ∈ {𝑈, 𝐴}, the cumulative incidence is 𝐹𝑘(𝑡) = ∫𝑡
0 𝑆(𝑠)𝜆𝑘(𝑠) 𝑑𝑠. Because the two

incidences share 𝑆, changing one hazard alters the observed probability of the other even without changing its cause-
specific mechanism. Recurrent-task data further require frailty or random effects so stable person-level differences do not
masquerade as duration dependence. Calendar time, time since entry, and progress toward completion may each define a
different clock. Selecting the clock after seeing the effect risks turning task structure into a convenient narrative; it should
be specified from the cognitive theory and tested against alternatives.

Formal checks and failure cases. Cause-specific hazards answer what instantaneously produces each exit among trajec-
tories still at risk; cumulative incidence answers how often each exit is observed in the presence of competitors. Neither
should be replaced casually by a single “persistence” score. Adaptive completion, an externally required switch, an impul-
sive departure, and abandonment after accumulating errors can end the same interval while carrying opposite meanings.
Coding rules should be preregistered and, where possible, validated by cues, performance, self-report, and subsequent be-
havior. Recurrent intervals violate independence, so person-level frailty, task random effects, and time-varying covariates
may be needed. Informative censoring occurs when a block ends, a participant moves excessively, or medication wears off
in a way related to latent risk. Inverse-probability or joint models help only under stated assumptions. Proportional-hazard
assumptions should be checked; stabilization may lower unwanted-exit hazard early while fatigue raises it later. A flexible
baseline or discrete-time model can reveal that shape. Treatment interpretation then compares the whole cause-specific
profile rather than declaring longer dwell universally beneficial.
A multi-state formulation can represent task entry, stable dwell, micro-lapse, recovered dwell, adaptive completion, and
abandonment directly. The generator matrix then contains only transitions permitted by the theory, while transition intensi-
ties can depend on reward, fatigue, interruption, and treatment. This makes impossible paths explicit and exposes whether
an apparent treatment benefit operates by preventing lapses, accelerating recovery, or increasing valid completion. The
extra resolution is justified only when states can be measured reliably and the enlarged model improves held-out prediction.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Semi-Markov state inference

A hidden semi-Markov model separates segment-to-segment transition probabilities from dwell distributions:

Pr(𝑧ℓ+1 = 𝑗 ∣ 𝑧ℓ = 𝑖) = 𝑃𝑖𝑗 (𝑗 ≠ 𝑖), 𝐷ℓ ∣ 𝑧ℓ = 𝑖 ∼ 𝐹𝑖(⋅; 𝜂𝑖).
The model must distinguish latent dynamics from classifier instability. State labels require cross-session alignment,
posterior uncertainty, measurement-invariance tests, and out-of-sample behavioral prediction. A state cluster is not
automatically an attractor.

Interpretation and estimation. The semi-Markov extension matters because ordinary Markov models imply that exit
probability depends only on the present state, not on how long the system has occupied it. Cognitive states often violate
that memoryless assumption: early stabilization may reduce near-term exit risk, whereas fatigue may increase risk after
prolonged dwell. Choosing 𝐹𝑖 therefore encodes a substantive hypothesis, not a technical afterthought. Duration distribu-
tions, transition matrices, and emissions should be estimated hierarchically so person-level differences are not confused
with noisy state assignment. The number of states should be selected using held-out likelihood, predictive utility, stabil-
ity across initializations, and interpretability constraints rather than a single information criterion. Sensitivity analyses
should vary parcellation, preprocessing, motion thresholds, temporal resolution, and state count. Most importantly, the
latent sequence must predict something outside the fitted signal, such as imminent error, self-reported mind wandering,
successful re-entry, or real-world task completion. Otherwise the inferred states remain a compact description rather than
a demonstrated cognitive mechanism.

Worked implication. For an observed segment sequence, a semi-Markov likelihood sums over unknown states and du-
rations: 𝑝(𝑜1∶𝐾) = ∑𝑧,𝐷 ∏ℓ 𝑃𝑧ℓ𝑧ℓ+1

𝑓𝑧ℓ
(𝐷ℓ) ∏𝑘∈ℓ 𝑝(𝑜𝑘 ∣ 𝑧ℓ). Forward-backward recursions make the sum tractable under

finite-duration assumptions. Posterior state probabilities should be used instead of treating the maximum-probability label
as certain. Covariate-dependent 𝑃𝑖𝑗(𝑐) can test whether reward, interruption, medication, or fatigue changes a specific
transition, while duration regression tests whether the same variables change dwell once the state has been entered. Those
are different mechanistic claims.

Formal checks and failure cases. An HSMM is useful only when duration adds information beyond a conventional
hidden Markov model. Candidate dwell families—geometric, negative binomial, log-normal, or nonparametric—encode
different tails and should be compared on held-out sequences. State-number selection must combine predictive likelihood,
stability across initializations, posterior occupancy, and external validity; an information criterion alone often rewards
partitions that have no reproducible cognitive meaning. Label switching requires alignment across people and sessions, but
forced alignment can erase genuine individual solutions. Hierarchical emissions and partially shared transition structures
offer a compromise. Posterior state probabilities should propagate into transition and dwell estimates instead of hard-
decoding one path. Online prediction supplies a strong test: using observations only through time 𝑡, can the model improve
forecasts of an error, report of mind wandering, or failed re-entry in the next interval? Retrospective segmentation is
easier and can exploit information from the future. A mechanistic interpretation requires the harder prospective result and
sensitivity to preprocessing, parcellation, motion thresholds, and temporal resolution.
Duration dependence can be inspected through the state-specific hazard ℎ𝑖(𝑑) = 𝑓𝑖(𝑑)/𝑆𝑖(𝑑). A declining early hazard
represents stabilization with continued residence; a rising late hazard can represent fatigue; a nonmonotone hazard can
encode both. Those shapes should be inferred with uncertainty rather than read from a fitted family name. Posterior
predictive plots should compare observed and replicated run lengths, transition counts, error timing, and missing-data
bursts. If the model reproduces average occupancy while missing these temporal features, it has not captured the dynamics
the lecture seeks to explain.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Linearization, non-normality and resolvent gain

Linearizing near a task-supporting trajectory gives 𝛿 ̇𝑥 = 𝐴(𝑡)𝛿𝑥 + 𝐵(𝑡)𝛿𝑢 + 𝐸(𝑡)𝛿𝑝. Even when every eigenvalue
of constant 𝐴 has negative real part, a non-normal operator can yield

𝐺max = sup
𝑡≥0

‖𝑒𝐴𝑡‖2 > 1, ℛ(𝑖𝜔) = (𝑖𝜔𝐼 − 𝐴)−1.

Large transient or resolvent gain is mathematically possible without asymptotic instability. Its ADHD application
is a new hypothesis; no acquired ADHD study directly estimated these operators.

Interpretation and estimation. Non-normality concerns the geometry of interactingmodes, not simply whether an eigen-
value is positive. When eigenvectors are non-orthogonal, decaying modes can align temporarily and produce large amplifi-
cation before eventual decay. The resolvent asks how strongly a system responds to sustained or frequency-specific forcing;
pseudospectra ask how much the apparent stability could change under small operator perturbations. These tools could, in
principle, formalize a system that looks stable in average measures yet is strongly displaced by particular salient inputs. That
possibility is not currently an ADHD result. A direct test would require estimating a time-resolved effective operator from
sufficiently sampled, perturbation-rich data, quantifying uncertainty, and comparing transient gain with matched normal
or low-dimensional alternatives. It would then need to predict attentional capture, lapse probability, or recovery beyond
simpler features such as variance, arousal, and baseline performance. Until those steps are completed, non-normal ampli-
fication belongs in the Flow Hijacked hypothesis layer: mathematically coherent, experimentally generative, and explicitly
unverified.

Worked implication. A two-dimensional example makes transient growth concrete. Let 𝐴 = ( −1 𝐾
0 −2 ). Its eigenvalues

are −1 and −2 for every 𝐾, yet 𝑒𝐴𝑡 = ( 𝑒−𝑡 𝐾(𝑒−𝑡−𝑒−2𝑡)
0 𝑒−2𝑡 ). As 𝐾 grows, a perturbation initially placed in the second

coordinate can generate a large first-coordinate excursion before both coordinates decay. Eigenvalues alone therefore miss
finite-time sensitivity. An ADHD test would need an estimated operator, controlled perturbations, and uncertainty on 𝐺max;
merely observing variable behavior or salience capture does not identify 𝐾, non-normality, or any specific neural mode.

Formal checks and failure cases. Non-normality should be measured, not inferred from volatility. For constant 𝐴,
candidates include the numerical abscissa 𝜔(𝐴) = 𝜆max[(𝐴 + 𝐴∗)/2], eigenvector condition number, Henrici departure,
transient gain ‖𝑒𝐴𝑡‖2, and resolvent norm ‖(𝑖𝜔𝐼 −𝐴)−1‖2. They answer different questions and can disagree. Pseudospectra
add perturbation sensitivity but depend on norm and scaling, so nondimensionalization is essential. In a time-varying sys-
tem the propagator Φ(𝑡, 𝑠) replaces 𝑒𝐴(𝑡−𝑠); fitting one stationary matrix may manufacture transient gain from unmodeled
switching. Measurement filtering can also create apparent directionality. A credible ADHD experiment would perturb a
specified sensory, reward, or control channel, estimate the operator with uncertainty, and predict the amplitude and time
course of displacement on held-out perturbations. It would compare matched normal, diagonalizable, and nonlinear al-
ternatives. Group differences in reaction-time variance, salience capture, or static effective connectivity are not sufficient.
The hypothesis survives only if operator-based gain adds reliable prediction and changes coherently under intervention.
The optimizing perturbation is given by the leading right singular vector of the propagator at the chosen horizon; the ampli-
fied response follows the corresponding left singular vector. This is not generally an eigenmode. Resolvent singular vectors
play an analogous input–response role for sustained forcing at frequency 𝜔. A strong experiment would compare these
predicted directions with measured responses rather than merely reporting a scalar norm. Confidence intervals must incor-
porate operator-estimation error, because non-normal metrics can be highly sensitive to small coefficient perturbations—the
very property they are intended to quantify.

FLOW HIJACKED HYPOTHESIS

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Identifiability, estimation and falsification

Structural identifiability asks whether distinct parameters can generate the same observation law; practical iden-
tifiability asks whether finite noisy data can separate them. Candidate models must be preregistered, compared
out of sample, and tested against simpler baselines. TSVE fails if it adds no reliable ecological prediction, cannot
distinguish unwanted from adaptive exit, or yields intervention fingerprints that are neither replicable nor treatment-
specific.

Interpretation and estimation. Identifiability is the gate between an evocative model and an estimable one. If an in-
crease in perturbation amplitude, a reduction in control effectiveness, and a noisier observation map all produce the same
distribution of behavior, the data cannot decide among those narratives without additional manipulations or measurements.
Parameter-recovery studies should therefore precede substantive interpretation. Synthetic data generated across realistic
sampling rates, missingness, motion, and task lengths can reveal whether entry cost, dwell stability, switching hazard, and
observation noise are separable. Prospective falsification also requires predeclared alternatives: a static symptom model,
a simple reaction-time-variability model, and a conventional hidden-state model may predict just as well. Evidence for
TSVE would require reliable added prediction, intervention-sensitive parameters with plausible specificity, and generaliza-
tion from laboratory trajectories to meaningful function. Failure is informative: if the model collapses across tasks, cannot
distinguish treatment routes, or depends on arbitrary thresholds, its conceptual vocabulary should not be mistaken for an
established latent structure.

Worked implication. A hierarchical implementation might posit person parameters 𝜓𝑖 ∼ 𝒩(𝑍𝑖𝛽, Ω) and estimate
𝑝(𝜓1∶𝑁 , 𝛽, Ω ∣ 𝑜), but a narrow posterior is not proof of truth. Simulation-based calibration tests whether the inference
procedure recovers known generative values; posterior predictive checks test whether it reproduces lapse timing, transition
counts, and context effects not explicitly fit. Model comparison should be nested within a locked validation design. For
intervention claims, randomization can identify a treatment effect on an estimable parameter, while mediation requires ad-
ditional assumptions about post-randomization confounding. A parameter with a mechanistic name does not inherit causal
status from its label.

Formal checks and failure cases. Identifiability should be tested before parameters are given psychological names. Struc-
tural analysis asks whether an infinite noiseless observation record would distinguish parameter values; practical analy-
sis asks whether the actual sample can do so. Profile likelihoods, posterior correlations, Fisher-information spectra, and
simulation-based recovery expose different failures. Priors can regularize a weak direction but cannot create information;
a narrow posterior driven by the prior should be reported as such. Model comparison must be nested inside the validation
scheme so that state count, preprocessing, thresholds, and hyperparameters are not selected using the test set. Calibration
asks whether predictive intervals contain outcomes at their advertised rates, while discrimination asks whether people or
moments are ranked correctly. Clinical utility adds another layer: does the model improve a decision relative to symptoms,
history, and simple behavioral variability? Prespecified falsifiers include unstable person parameters, no cross-context gen-
eralization, no incremental prediction, or indistinguishable intervention fingerprints. Meeting a goodness-of-fit threshold
is not enough; the model must survive recovery, calibration, competition, and consequential use.
Parameter recovery should span the regimes expected in real data, including short sessions, unequal sampling, head-motion
censoring, weak treatment effects, and correlated disturbances. Recovery at one convenient synthetic setting is not enough.
The confusion matrix between generative mechanisms is especially useful: can low control effectiveness be distinguished
from high perturbation variance, or long dwell from a sticky classifier? If two mechanisms remain observationally equiva-
lent, the lecture must not assign them separate causal stories until a new manipulation or sensor breaks the equivalence.

SUPPORTED INTERPRETATION

Definitions are modeling commitments; every empirical use must report operationalization and failure conditions.
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Network neuroscience reference matrix · 1/4
System/treatment Finding or target Evidence State/context Boundary

DMN Adaptive internal cognition; mixed within-
network findings

Rest + task Small/heterogeneous Do not equate attention with maxi-
mal suppression

FPN Altered recruitment/coupling in some tasks Task Moderate Control representation and stability
are separable

DAN Small activation/connectivity differences; nulls
matter

Task + rest Mixed Not a unitary task-positive system

VAN/SN Altered reorienting/arbitration reported Switching + distraction Moderate No replicated master-switch lesion

CON Sustained-set/error-monitoring differences Task Emerging Definitions overlap across atlases

Striatum Reward anticipation and corticostriatal differ-
ences

Reward tasks Moderate Value and action loops are heteroge-
neous

Thalamus/cerebellum Distributed timing/gating findings Rest + task Emerging Direction depends on age and
method

CORE SENTENCE

The matrix is a navigation layer; the qualified claims and sources remain in the body and companion evidence system.
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Pharmacology: distinct mechanisms and evidence · 2/4
System/treatment Finding or target Evidence State/context Boundary

Methylphenidate DAT/NET blockade Strong short-term symp-
tom evidence

Acute imaging ≠ durable
normalization

Appetite, sleep, BP/pulse, rare psy-
chiatric risk

Amphetamines Transporter substrate/release mechanisms Strong short-term ev-
idence; larger adult
estimate

Not methylphenidate at
higher strength

Misuse/diversion; psychosis risk
higher than MPH in one cohort

Atomoxetine NET inhibition; cortical DA indirectly Moderate Slower onset; network evi-
dence limited

GI, sleep, BP/pulse, mood monitor-
ing

Guanfacine ER alpha-2A agonism Moderate pediatric
evidence

Sedating/arousal pathway;
sparse dynamics

Somnolence, hypotension; taper

Clonidine broader alpha-2 agonism More limited No unique network signa-
ture established

Sedation, hypotension; taper

Viloxazine ER multimodal noradrenergic action Growing trial evidence Long-term/network evi-
dence immature

Somnolence, appetite/GI, suicidality
warning

Bupropion/modafinil off-label / regulatory boundaries Limited or context-
specific

Do not generalize cognitive
enhancement

Drug-specific contraindications and
risks

CORE SENTENCE

The matrix is a navigation layer; the qualified claims and sources remain in the body and companion evidence system.
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Psychotherapy and behavioral treatment matrix · 3/4
System/treatment Finding or target Evidence State/context Boundary

Adult ADHD-CBT Organization, planning, beliefs, recovery Moderate symptoms/func-
tion

Often adjunctive Direct neural mechanism not estab-
lished

Behavioral parent
training

Antecedents and contingencies Strong parenting/function;
rater gradient

May combine Changes environment; no network-
normalization claim

Organizational skills External systems and routines Moderate functional evi-
dence

Sometimes adjunctive Far transfer varies

Mindfulness Meta-awareness and response policy Small/heterogeneous Mixed Imaging corpus small

Coaching Accountability and task structure Preliminary Common in practice Controlled evidence immature

Digital/cognitive train-
ing

Practice or cue delivery Near transfer > far transfer Variable Blinding and engagement confounds

Neurofeedback Self-regulation of selected signal Probably-blinded effects
weak/null

Variable Target engagement and specificity
problems

CORE SENTENCE

The matrix is a navigation layer; the qualified claims and sources remain in the body and companion evidence system.
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Treatment by network: what is direct and what is inferred · 4/4
System/treatment Finding or target Evidence State/context Boundary

Stimulant · DMN Some acute task modulation/coupling changes Direct but heterogeneous No global normalization

Stimulant · FPN/DAN Activation/connectivity changes in some
paradigms

Direct Nulls and age effects pre-
served

Stimulant · striatum Reward/response effects Direct Target engagement not me-
diation

Nonstimulants Sparse network-specific corpus Limited Mechanism cannot substi-
tute for imaging

CBT Task-entry/recovery policy Flow Hijacked inference Clinical benefit without di-
rect neural proof

Parent/school Boundary conditions and perturbation load Systems inference Not an internal-brain repair
claim

Combined care Possible wider learning corridor Plausible hypothesis Neural synergy unproven

CORE SENTENCE

The matrix is a navigation layer; the qualified claims and sources remain in the body and companion evidence system.
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Bilingual scientific termbase · 1/3
English עברית

Default Mode Network (DMN) רשת ברירת המחדל

Frontoparietal Control Network (FPN) רשת הבקרה המצחית-קודקודית

Dorsal / Ventral Attention Network רשת הקשב הגבית / הגחונית

Salience Network (SN) רשת הבולטות

cingulo-opercular network (CON) הרשת הצינגולו-אופרקולרית

functional / effective connectivity קישוריות תפקודית / אפקטיבית

network segregation / integration היפרדות / אינטגרציה בין רשתות

state occupancy תפוסת מצב

dwell time זמן שהייה

metastability מטא-יציבות

working memory זיכרון עבודה

task initiation / persistence התחלת משימה / התמדה במשימה

delay discounting / delay aversion היוון תלוי-דיחוי / רתיעה מדיחוי

Hebrew prose is independently authored. Equations, acronyms, receptor symbols, DOI and PMID strings remain left-to-right.
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Bilingual scientific termbase · 2/3
English עברית

mind wandering נדידת מחשבות

hyperfocus מיקוד יתר

emotional dysregulation קשיים בוויסות רגשי

heritability / polygenic risk תורשתיות / סיכון פוליגני

dopamine / norepinephrine דופמין / נוראדרנלין

DAT / NET נשא הדופמין / נשא הנוראדרנלין

gain control / inverted U בקרת הגבר / יחס U הפוכה

Task-State Viability Envelope (TSVE) מעטפת הקיימות של מצב המשימה

viability kernel גרעין הקיימות

state space / trajectory מרחב המצבים / מסלול מצב

entry latency / first-passage time חביון כניסה / זמן מעבר ראשון

unwanted departure / adaptive release יציאה בלתי רצויה / שחרור מסתגל

Dual-Exit Principle עקרון שתי היציאות

Hebrew prose is independently authored. Equations, acronyms, receptor symbols, DOI and PMID strings remain left-to-right.
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Bilingual scientific termbase · 3/3
English עברית

survival function / hazard rate פונקציית הישרדות / קצב סיכון רגעי

control energy / reachable set אנרגיית בקרה / קבוצה בת השגה

Hidden semi-Markov Model (HSMM) מודל חצי-מרקובי חבוי

non-normal operator אופרטור לא נורמלי

transient amplification הגברה חולפת

resolvent / pseudospectrum רזולבנט / פסאודו-ספקטרום

identifiability / falsifier יכולת זיהוי / ממצא מפריך אפשרי

intervention fingerprint חתימת התערבות

empirical result ממצא אמפירי

authors’ interpretation פרשנות המחברים

Flow Hijacked synthesis סינתזה של Flow Hijacked

new hypothesis / open question השערה חדשה / שאלה פתוחה

Hebrew prose is independently authored. Equations, acronyms, receptor symbols, DOI and PMID strings remain left-to-right.

179



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 1/12

1. Aarts E, van Holstein M, Hoogman M, Onnink M, Kan C, Franke B, Buite-
laar J, Cools R (2015). Reward modulation of cognitive function in adult attention-
deficit/hyperactivity disorder: a pilot study on the role of striatal dopamine. Be-
havioural Pharmacology. DOI 10.1097/fbp.0000000000000116; PMID 25485641 ·
44 citations

2. Abikoff H; Gallagher R; Wells KC; Murray DW; Huang L; Lu F; Petkova E
(2013). Remediating organizational functioning in children with ADHD: immediate
and long-term effects from a randomized controlled trial.. Journal of consulting and
clinical psychology. DOI 10.1037/a0029648; PMID 22889336 · 242 citations

3. Agatha Lenartowicz (2016). Alpha desynchronization and fronto-parietal connec-
tivity during spatial working memory encoding deficits in ADHD: A simultaneous
EEG-fMRI study.. NeuroImage. Clinical. DOI 10.1016/j.nicl.2016.01.023; PMID
26955516 · 55 citations

4. Alessio Bellato; Nadia J Perrott; Lucia Marzulli; Valeria Parlatini; David
Coghill; Samuele Cortese (2025). Systematic Review and Meta-Analysis: Effects
of Pharmacological Treatment for Attention-Deficit/Hyperactivity Disorder on Qual-
ity of Life.. Journal of the American Academy of Child and Adolescent Psychiatry.
DOI 10.1016/j.jaac.2024.05.023; PMID 38823477 · 45 citations

5. Alexander Viktorin; Eleonore Rydén; Michael E Thase; Zheng Chang; Ce-
cilia Lundholm; Brian M D’Onofrio; Catarina Almqvist; Patrik K E Magnus-
son; Paul Lichtenstein; Henrik Larsson; Mikael Landén (2017). The Risk of
Treatment-Emergent Mania With Methylphenidate in Bipolar Disorder.. The Ameri-
can journal of psychiatry. DOI 10.1176/appi.ajp.2016.16040467; PMID 27690517
· 113 citations

6. Amine Khadmaoui (2016). MEG Analysis of Neural Interactions in Attention-
Deficit/Hyperactivity Disorder.. Computational intelligence and neuroscience. DOI
10.1155/2016/8450241; PMID 27118965 · 25 citations

7. Amparo Díaz-Román; Raziya Mitchell; Samuele Cortese (2018). Sleep
in adults with ADHD: Systematic review and meta-analysis of subjective
and objective studies.. Neuroscience and biobehavioral reviews. DOI
10.1016/j.neubiorev.2018.02.014; PMID 29477617 · 129 citations

8. Amy FArnsten; Lawrence Scahill; Robert L Findling (2007). alpha2-Adrenergic
receptor agonists for the treatment of attention-deficit/hyperactivity disorder: emerg-
ing concepts from new data.. Journal of child and adolescent psychopharmacology.
DOI 10.1089/cap.2006.0098; PMID 17822336 · 308 citations

9. Anderson dos Santos Siqueira (2014). Abnormal functional resting-state networks
in ADHD: graph theory and pattern recognition analysis of fMRI data.. BioMed
research international. DOI 10.1155/2014/380531; PMID 25309910 · 108 citations

10. Anita Thapar; Miriam Cooper (2016). Attention deficit hyperactivity disor-
der.. Lancet (London, England). DOI 10.1016/s0140-6736(15)00238-x; PMID
26386541 · 1,058 citations

11. Anita Thapar; Miriam Cooper; Olga Eyre; Kate Langley (2013). What have we
learnt about the causes of ADHD?. Journal of child psychology and psychiatry, and
allied disciplines. DOI 10.1111/j.1469-7610.2012.02611.x; PMID 22963644 · 704
citations

12. Anne-Claude V Bédard; Mark A Stein; Jeffrey M Halperin; Beth Krone; Es-
trella Rajwan; Jeffrey H Newcorn (2015). Differential impact of methylphenidate
and atomoxetine on sustained attention in youth with attention-deficit/hyperactivity
disorder.. Journal of child psychology and psychiatry, and allied disciplines. DOI
10.1111/jcpp.12272; PMID 24942409 · 63 citations

13. Arthur Caye; Thiago Botter-Maio Rocha; Luciana Anselmi; Joseph Murray;
AnaMBMenezes; Fernando CBarros; HelenGonçalves; FernandoWehrmeis-
ter; Christina M Jensen; Hans-Christoph Steinhausen; James M Swanson;
Christian Kieling; Luis Augusto Rohde (2016). Attention-Deficit/Hyperactivity
Disorder Trajectories From Childhood to Young Adulthood: Evidence From a
Birth Cohort Supporting a Late-Onset Syndrome.. JAMA psychiatry. DOI
10.1001/jamapsychiatry.2016.0383; PMID 27192050 · 348 citations

14. Aston-Jones G, Cohen JD (2005). Adaptive gain and the role of the locus coeruleus-
norepinephrine system in optimal performance. Annual Review of Neuroscience.
DOI 10.1146/annurev.neuro.28.061604.135709; PMID 16022602 · 4,687 citations

15. B.T. Thomas Yeo; Fenna M. Krienen; Jorge Sepulcre; Mert R. Sabuncu; Da-
nial Lashkari; Marisa O. Hollinshead; Joshua L. Roffman; JordanW. Smoller;
Lilla Zöllei; Jonathan R. Polimeni; Bruce Fischl; Hesheng Liu; Randy L. Buck-
ner (2011). The organization of the human cerebral cortex estimated by intrinsic
functional connectivity. Journal of Neurophysiology. DOI 10.1152/jn.00338.2011;
PMID 21653723 · 10,055 citations

16. Bachmann K; Lam AP; Sörös P; Kanat M; Hoxhaj E; Matthies S; Feige B;
Müller H; Özyurt J; Thiel CM; Philipsen A (2018). Effects of mindfulness and
psychoeducation on working memory in adult ADHD: A randomised, controlled
fMRI study.. Behaviour research and therapy. DOI 10.1016/j.brat.2018.05.002;
PMID 29758392 · 83 citations

17. Barbara Franke; Giorgia Michelini; Philip Asherson; Tobias Banaschewski;
Andrea Bilbow; Jan K Buitelaar; Bru Cormand; Stephen V Faraone; Ylva
Ginsberg; Jan Haavik; Jonna Kuntsi; Henrik Larsson; Klaus-Peter Lesch;
J Antoni Ramos-Quiroga; János M Réthelyi; Marta Ribases; Andreas Reif
(2018). Live fast, die young? A review on the developmental trajectories of ADHD
across the lifespan.. European neuropsychopharmacology : the journal of the Euro-
pean College of Neuropsychopharmacology. DOI 10.1016/j.euroneuro.2018.08.001;
PMID 30195575 · 670 citations

18. Baris Metin (2015). Dysfunctional modulation of default mode network activity
in attention-deficit/hyperactivity disorder.. Journal of abnormal psychology. DOI
10.1037/abn0000013; PMID 25314265 · 78 citations

19. Bernis Sutcubasi (2020). Resting-state network dysconnectivity in ADHD: A
system-neuroscience-based meta-analysis.. The world journal of biological psychia-
try : the official journal of the World Federation of Societies of Biological Psychiatry.
DOI 10.1080/15622975.2020.1775889; PMID 32468880 · 174 citations

20. Bikic A; Reichow B; McCauley SA; Ibrahim K; Sukhodolsky DG (2017).
Meta-analysis of organizational skills interventions for children and adolescents
with Attention-Deficit/Hyperactivity Disorder.. Clinical psychology review. DOI
10.1016/j.cpr.2016.12.004; PMID 28088557 · 105 citations

21. Bluschke A, Friedrich J, Schreiter ML, Roessner V, Beste C (2018). A
comparative study on the neurophysiological mechanisms underlying effects of
methylphenidate and neurofeedback on inhibitory control in attention deficit hyper-
activity disorder. NeuroImage: Clinical. DOI 10.1016/j.nicl.2018.10.027; PMID
30390574 · 38 citations

22. Breakspear M (2017). Dynamic models of large-scale brain activity. Nature Neu-
roscience. DOI 10.1038/nn.4497; PMID 28230845 · 1,373 citations

23. Camiel M. van der Laan (2025). Genome-wide association meta-analysis of child-
hoodADHD symptoms and diagnosis identifies new loci and potential effector genes.
Nature Genetics. DOI 10.1038/s41588-025-02295-y; PMID 40962958 · 14 citations

24. Chao Chen (2025). A multimodal neuroimaging meta-analysis of func-
tional and structural brain abnormalities in attention-deficit/hyperactivity disor-
der.. Progress in neuro-psychopharmacology & biological psychiatry. DOI
10.1016/j.pnpbp.2024.111199; PMID 39615871 · 18 citations

25. Charlotte Skoglund; Qi Chen; Brian M D’Onofrio; Paul Lichtenstein; Henrik
Larsson (2014). Familial confounding of the association between maternal smok-
ing during pregnancy and ADHD in offspring.. Journal of child psychology and
psychiatry, and allied disciplines. DOI 10.1111/jcpp.12124; PMID 25359172 · 139
citations

26. Chia-Jui Tsai (2025). Correlation of altered intrinsic functional connectivity
with impaired self-regulation in children and adolescents with ADHD.. European
archives of psychiatry and clinical neuroscience. DOI 10.1007/s00406-024-01787-
y; PMID 38906983 · 7 citations

27. Chris Hollis; Qi Chen; Zheng Chang; Patrick D Quinn; Alexander Viktorin;
Paul Lichtenstein; Brian D’Onofrio; Mikael Landén; Henrik Larsson (2019).
Methylphenidate and the risk of psychosis in adolescents and young adults: a
population-based cohort study.. The lancet. Psychiatry. DOI 10.1016/s2215-
0366(19)30189-0; PMID 31221557 · 68 citations

28. Cools R, D’Esposito M (2011). Dopamine and the prefrontal cortex: excess and
depletion. Biological Psychiatry. DOI 10.1016/j.biopsych.2011.03.028; PMID
21531388 · 1,739 citations

180



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 2/12

1. Corentin J Gosling; Miguel Garcia-Argibay; Michele De Prisco; Gonzalo Ar-
rondo; Anaël Ayrolles; Stéphanie Antoun; Serge Caparos; AnaCatalán; Pierre
Ellul; Maja Dobrosavljevic; Luis C Farhat; Giovanna Fico; Luis Eudave; Anna-
beth PGroenman;Mikkel Højlund; Lucie Jurek;Mikail Nourredine; Vincenzo
Oliva; Valeria Parlatini; Constantina Psyllou; Gonzalo Salazar-de-Pablo; An-
neka Tomlinson; Samuel J Westwood; Andrea Cipriani; Christoph U Correll;
Dong Keon Yon; Henrik Larsson; Edoardo G Ostinelli; Jae Il Shin; Paolo
Fusar-Poli; John P A Ioannidis; Joaquim Radua; Marco Solmi; Richard De-
lorme; Samuele Cortese (2025). Benefits and harms of ADHD interventions: um-
brella review and platform for shared decision making.. BMJ (Clinical research ed.).
DOI 10.1136/bmj-2025-085875; PMID 41297970 · 24 citations

2. Corrales M; García-González S; Richarte V; Fadeuilhe C; Daigre C; García-
Gea E; Ramos-Quiroga JA (2024). Long-term efficacy of a new 6-session
cognitive behavioral therapy for adults with attention-deficit/hyperactivity dis-
order: A randomized, controlled clinical trial.. Psychiatry research. DOI
10.1016/j.psychres.2023.115642; PMID 38103281 · 15 citations

3. Danielle C Turner; Luke Clark; Jonathan Dowson; Trevor W Robbins; Bar-
bara J Sahakian (2004). Modafinil improves cognition and response inhibi-
tion in adult attention-deficit/hyperactivity disorder.. Biological psychiatry. DOI
10.1016/j.biopsych.2004.02.008; PMID 15121488 · 302 citations

4. David Coghill (2023). The management of ADHD in children and adolescents:
bringing evidence to the clinic: perspective from the European ADHD Guidelines
Group (EAGG). European Child & Adolescent Psychiatry. DOI 10.1007/s00787-
021-01871-x; PMID 34677682 · 176 citations

5. David Coghill; Tobias Banaschewski; Michel Lecendreux; Cesar Soutullo;
Mats Johnson; Alessandro Zuddas; Colleen Anderson; Richard Civil;
Nicholas Higgins; Andrew Lyne; Liza Squires (2013). European, random-
ized, phase 3 study of lisdexamfetamine dimesylate in children and adolescents
with attention-deficit/hyperactivity disorder.. European neuropsychopharmacol-
ogy : the journal of the European College of Neuropsychopharmacology. DOI
10.1016/j.euroneuro.2012.11.012; PMID 23332456 · 123 citations

6. Deco G, Kringelbach ML (2016). Metastability and coherence: extending the
communication through coherence hypothesis using a whole-brain computational
perspective. Trends in Neurosciences. DOI 10.1016/j.tins.2016.01.001; PMID
26833259 · 270 citations

7. Deepti Anbarasan;MichaelKitchin; LenardAAdler (2020). Screening for Adult
ADHD.. Current psychiatry reports. DOI 10.1007/s11920-020-01194-9; PMID
33095375 · 71 citations

8. Ditte Demontis; G Bragi Walters; Georgios Athanasiadis; Raymond Wal-
ters; Karen Therrien; Trine Tollerup Nielsen; Leila Farajzadeh; Georgios
Voloudakis; Jaroslav Bendl; Biau Zeng; Wen Zhang; Jakob Grove; Thomas
D Als; Jinjie Duan; F Kyle Satterstrom; Jonas Bybjerg-Grauholm; Marie
Bækved-Hansen; Olafur O Gudmundsson; Sigurdur H Magnusson; Gisli Bal-
dursson; Katrin Davidsdottir; Gyda S Haraldsdottir; Esben Agerbo; Gabriel
E Hoffman; Søren Dalsgaard; Joanna Martin; Marta Ribasés; Dorret I
Boomsma; Maria Soler Artigas; Nina Roth Mota; Daniel Howrigan; Sarah
E Medland; Tetyana Zayats; Veera M Rajagopal; ADHD Working Group of
the Psychiatric Genomics Consortium; iPSYCH-Broad Consortium; Merete
Nordentoft; Ole Mors; David M Hougaard; Preben Bo Mortensen; Mark
J Daly; Stephen V Faraone; Hreinn Stefansson; Panos Roussos; Barbara
Franke; Thomas Werge; Benjamin M Neale; Kari Stefansson; Anders D Bør-
glum (2023). Genome-wide analyses of ADHD identify 27 risk loci, refine the ge-
netic architecture and implicate several cognitive domains.. Nature genetics. DOI
10.1038/s41588-022-01285-8; PMID 36702997 · 804 citations

9. Ditte Demontis; Jinjie Duan; Yu-Han H Hsu; Greta Pintacuda; Jakob Grove;
Trine Tollerup Nielsen; Janne Thirstrup; Makayla Martorana; Travis Botts; F
Kyle Satterstrom; Jonas Bybjerg-Grauholm; Jason H Y Tsai; Simon Glerup;
Martine Hoogman; Jan Buitelaar; Marieke Klein; Georg C Ziegler; Christian
Jacob; Oliver Grimm; Maximilian Bayas; Nene F Kobayashi; Sarah Kittel-
Schneider; Klaus-Peter Lesch; Barbara Franke; Andreas Reif; Esben Agerbo;

Thomas Werge; Merete Nordentoft; Ole Mors; Preben Bo Mortensen; Kasper
Lage; Mark J Daly; BenjaminMNeale; Anders D Børglum (2026). Rare genetic
variants confer a high risk of ADHD and implicate neuronal biology.. Nature. DOI
10.1038/s41586-025-09702-8; PMID 41224997 · 12 citations

10. Ditte Demontis; Raymond K Walters; Joanna Martin; Manuel Mattheisen;
Thomas DAls; EsbenAgerbo; Gísli Baldursson; Rich Belliveau; Jonas Bybjerg-
Grauholm; Marie Bækvad-Hansen; Felecia Cerrato; Kimberly Chambert;
Claire Churchhouse; Ashley Dumont; Nicholas Eriksson; Michael Gandal;
Jacqueline I Goldstein; Katrina L Grasby; Jakob Grove; Olafur O Gudmunds-
son; Christine S Hansen; Mads Engel Hauberg; Mads V Hollegaard; Daniel
P Howrigan; Hailiang Huang; Julian B Maller; Alicia R Martin; Nicholas
G Martin; Jennifer Moran; Jonatan Pallesen; Duncan S Palmer; Carsten
Bøcker Pedersen; Marianne Giørtz Pedersen; Timothy Poterba; Jesper Buch-
have Poulsen; Stephan Ripke; Elise B Robinson; F Kyle Satterstrom; Hreinn
Stefansson; Christine Stevens; Patrick Turley; G Bragi Walters; HyejungWon;
Margaret J Wright; ADHD Working Group of the Psychiatric Genomics Con-
sortium (PGC); Early Lifecourse & Genetic Epidemiology (EAGLE) Consor-
tium; 23andMeResearchTeam; OleAAndreassen; PhilipAsherson; Christie L
Burton; Dorret I Boomsma; Bru Cormand; Søren Dalsgaard; Barbara Franke;
Joel Gelernter; Daniel Geschwind; Hakon Hakonarson; Jan Haavik; Henry R
Kranzler; Jonna Kuntsi; Kate Langley; Klaus-Peter Lesch; Christel Middel-
dorp; Andreas Reif; Luis Augusto Rohde; Panos Roussos; Russell Schachar;
Pamela Sklar; Edmund J S Sonuga-Barke; Patrick F Sullivan; Anita Tha-
par; Joyce Y Tung; Irwin D Waldman; Sarah E Medland; Kari Stefansson;
Merete Nordentoft; David MHougaard; ThomasWerge; Ole Mors; Preben Bo
Mortensen;Mark JDaly; StephenVFaraone; Anders DBørglum; BenjaminM
Neale (2019). Discovery of the first genome-wide significant risk loci for attention
deficit/hyperactivity disorder.. Nature genetics. DOI 10.1038/s41588-018-0269-7;
PMID 30478444 · 2,354 citations

11. Donna R Palumbo; Floyd R Sallee; William E Pelham; Oscar G Bukstein;
W Burleson Daviss; Michael P McDERMOTT; CAT STUDY TEAM (2008).
Clonidine for attention-deficit/hyperactivity disorder: I. Efficacy and tolerability out-
comes.. Journal of the American Academy of Child and Adolescent Psychiatry. DOI
10.1097/chi.0b013e31815d9af7; PMID 18182963 · 141 citations

12. Dosenbach NUF, Fair DA, Miezin FM, Cohen AL, Wenger KK, Dosenbach
RAT, Fox MD, Snyder AZ, Vincent JL, Raichle ME, Schlaggar BL, Petersen
SE (2006). A core system for the implementation of task sets. Neuron. DOI
10.1016/j.neuron.2006.04.031; PMID 16731517 · 1,861 citations

13. Douglas Teixeira Leffa; Arthur Caye; Luis Augusto Rohde (2022). ADHD in
Children and Adults: Diagnosis and Prognosis.. Current topics in behavioral neuro-
sciences. DOI 10.1007/7854_2022_329; PMID 35397064 · 105 citations

14. Döpfner M; Görtz-Dorten A; Häge A; Handermann F; Sulprizio L; Hellmich
M; Vogel D; Ruhmann M; Althen H; Karus M; Banaschewski T (2025). Ef-
ficacy of a mobile-based self-directed parent management training for parents of
children with attention-deficit/hyperactivity disorder with or without oppositional
defiant disorder- a randomized controlled trial.. European child & adolescent psy-
chiatry. DOI 10.1007/s00787-025-02799-2; PMID 40576800 · 4 citations

15. Edmund J S Sonuga-Barke (2003). The dual pathway model of AD/HD: an elab-
oration of neuro-developmental characteristics.. Neuroscience and biobehavioral
reviews. DOI 10.1016/j.neubiorev.2003.08.005; PMID 14624804 · 817 citations

16. Edmund J S Sonuga-Barke (2007). Spontaneous attentional fluctuations in im-
paired states and pathological conditions: a neurobiological hypothesis.. Neuro-
science and biobehavioral reviews. DOI 10.1016/j.neubiorev.2007.02.005; PMID
17445893 · 900 citations

17. Edmund J S Sonuga-Barke; Stephen P Becker; Sven Bölte; Francisco Xavier
Castellanos; Barbara Franke; Jeffrey H Newcorn; Joel T Nigg; Luis Au-
gusto Rohde; Emily Simonoff (2023). Annual Research Review: Perspectives on
progress in ADHD science - from characterization to cause.. Journal of child psy-
chology and psychiatry, and allied disciplines. DOI 10.1111/jcpp.13696; PMID
36220605 · 148 citations

181



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 3/12

1. Edmund J. S. Sonuga-Barke (2013). Nonpharmacological interventions for
ADHD: systematic review and meta-analyses of randomized controlled trials of
dietary and psychological treatments. American Journal of Psychiatry. DOI
10.1176/appi.ajp.2012.12070991; PMID 23360949 · 1,191 citations

2. Edmund Sonuga-Barke (2002). Psychological heterogeneity in AD/HD—a dual
pathway model of behaviour and cognition. Behavioural Brain Research. DOI
10.1016/s0166-4328(01)00432-6; PMID 11864715 · 900 citations

3. Edmund T Rolls (2021). Brain dynamics: the temporal variability of connectiv-
ity, and differences in schizophrenia and ADHD.. Translational psychiatry. DOI
10.1038/s41398-021-01197-x; PMID 33479201 · 71 citations

4. Edoardo G Ostinelli; Marcel Schulze; Caroline Zangani; Luis C Farhat; An-
neka Tomlinson; Cinzia Del Giovane; Samuel R Chamberlain; Alexandra
Philipsen; Susan Young; Phil J Cowen; Andrea Bilbow; Andrea Cipriani;
Samuele Cortese (2025). Comparative efficacy and acceptability of pharmacolog-
ical, psychological, and neurostimulatory interventions for ADHD in adults: a sys-
tematic review and component network meta-analysis.. The lancet. Psychiatry. DOI
10.1016/s2215-0366(24)00360-2; PMID 39701638 · 73 citations

5. Elena A. Allen; Eswar Damaraju; Sergey M. Plis; Erik B. Erhardt; Tom
Eichele; Vince D. Calhoun (2014). Tracking whole-brain connectivity dynamics
in the resting state. Cerebral Cortex. DOI 10.1093/cercor/bhs352; PMID 23146964
· 3,261 citations

6. Elisa D’Agati; Paolo Curatolo; Luigi Mazzone (2019). Comorbidity between
ADHD and anxiety disorders across the lifespan.. International journal of psychia-
try in clinical practice. DOI 10.1080/13651501.2019.1628277; PMID 31232613 ·
166 citations

7. Elizabeth B Liddle (2011). Task-related default mode network modulation and
inhibitory control in ADHD: effects of motivation and methylphenidate.. Journal
of child psychology and psychiatry, and allied disciplines. DOI 10.1111/j.1469-
7610.2010.02333.x; PMID 21073458 · 287 citations

8. Emilsson B; Gudjonsson G; Sigurdsson JF; Baldursson G; Einarsson E; Olafs-
dottir H; Young S (2011). Cognitive behaviour therapy in medication-treated adults
with ADHD and persistent symptoms: a randomized controlled trial.. BMC psychi-
atry. DOI 10.1186/1471-244x-11-116; PMID 21787431 · 209 citations

9. Evans SW; Langberg JM; Schultz BK; Vaughn A; Altaye M; Marshall SA;
Zoromski AK (2016). Evaluation of a school-based treatment program for young
adolescents with ADHD.. Journal of consulting and clinical psychology. DOI
10.1037/ccp0000057; PMID 26501496 · 155 citations

10. F B Taylor; J Russo (2000). Efficacy of modafinil compared to dextroamphetamine
for the treatment of attention deficit hyperactivity disorder in adults.. Journal of
child and adolescent psychopharmacology. DOI 10.1089/cap.2000.10.311; PMID
11191692 · 181 citations

11. F B Taylor; J Russo (2001). Comparing guanfacine and dextroamphetamine for the
treatment of adult attention-deficit/hyperactivity disorder.. Journal of clinical psy-
chopharmacology. DOI 10.1097/00004714-200104000-00015; PMID 11270920 ·
187 citations

12. F Xavier Castellanos (2008). Cingulate-precuneus interactions: a new locus of
dysfunction in adult attention-deficit/hyperactivity disorder.. Biological psychiatry.
DOI 10.1016/j.biopsych.2007.06.025; PMID 17888409 · 871 citations

13. Feng A, Zhi D, Feng Y, Jiang R, Fu Z, Xu M, Zhao M, Yu S, Stevens M, Sun
L, Calhoun V, Sui J (2024). Functional imaging derived ADHD biotypes based
on deep clustering: a study on personalized medication therapy guidance. EClini-
calMedicine. DOI 10.1016/j.eclinm.2024.102876; PMID 39763511 · 18 citations

14. Ferrán Catalá-López; Brian Hutton; Amparo Núñez-Beltrán; Matthew J Page;
Manuel Ridao; Diego Macías Saint-Gerons; Miguel A Catalá; Rafael Tabarés-
Seisdedos; David Moher (2017). The pharmacological and non-pharmacological
treatment of attention deficit hyperactivity disorder in children and adolescents: A
systematic review with network meta-analyses of randomised trials.. PloS one. DOI
10.1371/journal.pone.0180355; PMID 28700715 · 404 citations

15. Florence D Mowlem; Mina A Rosenqvist; Joanna Martin; Paul Lichtenstein;
Philip Asherson; Henrik Larsson (2019). Sex differences in predicting ADHD
clinical diagnosis and pharmacological treatment.. European child & adolescent psy-
chiatry. DOI 10.1007/s00787-018-1211-3; PMID 30097723 · 378 citations

16. Floyd Sallee; Daniel F Connor; Jeffrey H Newcorn (2013). A review of the
rationale and clinical utilization of α2-adrenoceptor agonists for the treatment of
attention-deficit/hyperactivity and related disorders.. Journal of child and adolescent
psychopharmacology. DOI 10.1089/cap.2013.0028; PMID 23782125 · 64 citations

17. Frank P Bymaster; Jason SKatner; David LNelson; SusanKHemrick-Luecke;
PennyGThrelkeld; JohnHHeiligenstein; SMichelleMorin; DonaldRGehlert;
Kenneth W Perry (2002). Atomoxetine increases extracellular levels of nore-
pinephrine and dopamine in prefrontal cortex of rat: a potential mechanism for
efficacy in attention deficit/hyperactivity disorder.. Neuropsychopharmacology :
official publication of the American College of Neuropsychopharmacology. DOI
10.1016/s0893-133x(02)00346-9; PMID 12431845 · 1,143 citations

18. Gene-Jack Wang; Nora D Volkow; Timothy Wigal; Scott H Kollins; Jeffrey
H Newcorn; Frank Telang; Jean Logan; Millard Jayne; Christopher T Wong;
Hao Han; Joanna S Fowler; Wei Zhu; James M Swanson (2013). Long-term
stimulant treatment affects brain dopamine transporter level in patients with atten-
tion deficit hyperactive disorder.. PloS one. DOI 10.1371/journal.pone.0063023;
PMID 23696790 · 147 citations

19. Gonzalo Salazar de Pablo; Claudia Aymerich; Juan Pablo Chart-Pascual;
Marco Solmi; Javier Torres-Cortes; Nessma Abdelhafez; Ana Catalan; Olivier
Corbeil; Nicoletta Adamo; Philip Shaw; Paolo Fusar-Poli; Samuele Cortese
(2025). Occurrence of Psychosis and Bipolar Disorder in IndividualsWith Attention-
Deficit/Hyperactivity Disorder Treated With Stimulants: A Systematic Review and
Meta-Analysis.. JAMA psychiatry. DOI 10.1001/jamapsychiatry.2025.2311; PMID
40900605 · 7 citations

20. Guilherme V. Polanczyk (2014). ADHD prevalence estimates across three decades:
an updated systematic review and meta-regression analysis. International Journal
of Epidemiology. DOI 10.1093/ije/dyt261; PMID 24464188 · 1,827 citations

21. Hayley J. MacDonald (2024). The dopamine hypothesis for ADHD: An evalua-
tion of evidence accumulated from human studies and animal models. Frontiers in
Psychiatry. DOI 10.3389/fpsyt.2024.1492126; PMID 39619336 · 92 citations

22. Heath Rutledge-Jukes; Pallavi Jonnalagadda; Andrew Paul McIntosh; Saso
Krstovski; Nicholas Andriani; Ireland R Smith; Lauren Prendergast; James
M Lynch (2024). Lisdexamfetamine’s Efficacy in Treating Attention Deficit Hy-
peractivity Disorder (ADHD): A Meta-Analysis and Review.. Cureus. DOI
10.7759/cureus.68324; PMID 39350825 · 2 citations

23. Hechtman L; Swanson JM; Sibley MH; Stehli A; Owens EB; Mitchell JT;
Arnold LE; Molina BS; Hinshaw SP; Jensen PS; Abikoff HB; Perez Algo-
rta G; Howard AL; Hoza B; Etcovitch J; Houssais S; Lakes KD; Nichols
JQ; MTA Cooperative Group (2016). Functional Adult Outcomes 16 Years Af-
ter Childhood Diagnosis of Attention-Deficit/Hyperactivity Disorder: MTA Re-
sults.. Journal of the American Academy of Child and Adolescent Psychiatry. DOI
10.1016/j.jaac.2016.07.774; PMID 27806862 · 293 citations

24. Heidi Boland; Maura DiSalvo; Ronna Fried; K Yvonne Woodworth; Timothy
Wilens; Stephen V Faraone; Joseph Biederman (2020). A literature review and
meta-analysis on the effects of ADHDmedications on functional outcomes.. Journal
of psychiatric research. DOI 10.1016/j.jpsychires.2020.01.006; PMID 32014701 ·
237 citations

25. Heledd Hart; Joaquim Radua; David Mataix-Cols; Katya Rubia (2012).
Meta-analysis of fMRI studies of timing in attention-deficit hyperactiv-
ity disorder (ADHD).. Neuroscience and biobehavioral reviews. DOI
10.1016/j.neubiorev.2012.08.003; PMID 22922163 · 262 citations

26. HennequinG, Vogels TP, GerstnerW (2012). Nonnormal amplification in random
balanced neuronal networks. Physical Review E. DOI 10.1103/physreve.86.011909;
PMID 23005454 · 101 citations

27. Hennequin G, Vogels TP, GerstnerW (2014). Optimal control of transient dynam-
ics in balanced networks supports generation of complex movements. Neuron. DOI
10.1016/j.neuron.2014.04.045; PMID 24945778 · 391 citations

28. Henrik Larsson (2014). The heritability of clinically diagnosed Attention-
Deficit/Hyperactivity Disorder across the life span. Psychological Medicine. DOI
10.1017/s0033291713002493; PMID 24107258 · 374 citations

182



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 4/12

1. Hirvikoski T; Lindström T; Carlsson J; Waaler E; Jokinen J; Bölte S (2017).
Psychoeducational groups for adults with ADHD and their significant others (PE-
GASUS): A pragmatic multicenter and randomized controlled trial.. European
psychiatry : the journal of the Association of European Psychiatrists. DOI
10.1016/j.eurpsy.2017.04.005; PMID 28641216 · 81 citations

2. Hoxhaj E; Sadohara C; Borel P; D’Amelio R; Sobanski E; Müller H; Feige B;
Matthies S; Philipsen A (2018). Mindfulness vs psychoeducation in adult ADHD:
a randomized controlled trial.. European archives of psychiatry and clinical neuro-
science. DOI 10.1007/s00406-018-0868-4; PMID 29356899 · 95 citations

3. Hui Chen (2023). Can biomarkers be used to diagnose attention deficit hyperac-
tivity disorder?. Frontiers in Psychiatry. DOI 10.3389/fpsyt.2023.1026616; PMID
36970271 · 20 citations

4. J J S Kooij; D Bijlenga; L Salerno; R Jaeschke; I Bitter; J Balázs; J Thome;
G Dom; S Kasper; C Nunes Filipe; S Stes; P Mohr; S Leppämäki; M Casas;
J Bobes; J M Mccarthy; V Richarte; A Kjems Philipsen; A Pehlivanidis; A
Niemela; B Styr; B Semerci; B Bolea-Alamanac; D Edvinsson; D Baeyens; D
Wynchank; E Sobanski; A Philipsen; F McNicholas; H Caci; I Mihailescu;
I Manor; I Dobrescu; T Saito; J Krause; J Fayyad; J A Ramos-Quiroga; K
Foeken; F Rad; M Adamou; M Ohlmeier; M Fitzgerald; M Gill; M Lensing; N
Motavalli Mukaddes; P Brudkiewicz; PGustafsson; P Tani; POswald; P J Car-
pentier; P De Rossi; R Delorme; S Markovska Simoska; S Pallanti; S Young; S
Bejerot; T Lehtonen; J Kustow; U Müller-Sedgwick; T Hirvikoski; V Pironti;
Y Ginsberg; Z Félegyházy; M P Garcia-Portilla; P Asherson (2019). Updated
European Consensus Statement on diagnosis and treatment of adult ADHD.. Euro-
pean psychiatry : the journal of the Association of European Psychiatrists. DOI
10.1016/j.eurpsy.2018.11.001; PMID 30453134 · 686 citations

5. Jacob N S Jackson; James MacKillop (2016). Attention-Deficit/Hyperactivity
Disorder and Monetary Delay Discounting: A Meta-Analysis of Case-Control Stud-
ies.. Biological psychiatry. Cognitive neuroscience and neuroimaging. DOI
10.1016/j.bpsc.2016.01.007; PMID 27722208 · 169 citations

6. Jacob U Fog; Habibeh Khoshbouei; Marion Holy; WilliamAOwens; Christian
Bjerggaard Vaegter; Namita Sen; Yelyzaveta Nikandrova; Erica Bowton; Dou-
glas GMcMahon; Roger J Colbran; Lynette C Daws; Harald H Sitte; Jonathan
A Javitch; Aurelio Galli; Ulrik Gether (2006). Calmodulin kinase II interacts with
the dopamine transporter C terminus to regulate amphetamine-induced reverse trans-
port.. Neuron. DOI 10.1016/j.neuron.2006.06.028; PMID 16908408 · 220 citations

7. Jae Han Kim; Jong Yeob Kim; Jinhee Lee; Gwang Hun Jeong; Eun Lee; San
Lee; Keum Hwa Lee; Andreas Kronbichler; Brendon Stubbs; Marco Solmi;
Ai Koyanagi; Sung Hwi Hong; Elena Dragioti; Louis Jacob; Andre R Brunoni;
Andre F Carvalho; Joaquim Radua; Trevor Thompson; Lee Smith; Hans Oh;
Lin Yang; Igor Grabovac; Felipe Schuch; Michele Fornaro; Andrew Stickley;
Theodor BRais; Gonzalo Salazar de Pablo; Jae Il Shin; Paolo Fusar-Poli (2020).
Environmental risk factors, protective factors, and peripheral biomarkers for ADHD:
an umbrella review.. The lancet. Psychiatry. DOI 10.1016/s2215-0366(20)30312-6;
PMID 33069318 · 271 citations

8. James M Swanson; L Eugene Arnold; Brooke S G Molina; Margaret H Sibley;
Lily T Hechtman; Stephen P Hinshaw; Howard B Abikoff; Annamarie Stehli;
Elizabeth B Owens; John T Mitchell; Quyen Nichols; Andrea Howard; Lau-
rence L Greenhill; Betsy Hoza; Jeffrey H Newcorn; Peter S Jensen; Benedetto
Vitiello; TimothyWigal; Jeffery N Epstein; Leanne Tamm; Kimberly D Lakes;
JamesWaxmonsky; Marc Lerner; Joy Etcovitch; DesireeWMurray; Maximil-
ian Muenke; Maria T Acosta; Mauricio Arcos-Burgos; William E Pelham; He-
lena C Kraemer; MTA Cooperative Group (2017). Young adult outcomes in the
follow-up of the multimodal treatment study of attention-deficit/hyperactivity disor-
der: symptom persistence, source discrepancy, and height suppression.. Journal of
child psychology and psychiatry, and allied disciplines. DOI 10.1111/jcpp.12684;
PMID 28295312 · 291 citations

9. James M. Shine; Michael Breakspear; Peter T. Bell; Kaylena A. Ehgoetz
Martens; Richard Shine; Oluwasanmi Koyejo; Olaf Sporns; Russell A. Pol-
drack (2019). Human cognition involves the dynamic integration of neural activ-
ity and neuromodulatory systems. Nature Neuroscience. DOI 10.1038/s41593-018-
0312-0; PMID 30664771 · 593 citations

10. James M. Shine; Oluwasanmi Koyejo; Russell A. Poldrack (2016). Temporal
metastates are associated with differential patterns of time-resolved connectivity, net-
work topology, and attention. Proceedings of the National Academy of Sciences of
the United States of America. DOI 10.1073/pnas.1604898113; PMID 27528672 ·
226 citations

11. James M. Swanson (2007). Effects of stimulant medication on growth rates across
3 years in the MTA follow-up. Journal of the American Academy of Child & Ado-
lescent Psychiatry. DOI 10.1097/chi.0b013e3180686d7e; PMID 17667480 · 329
citations

12. Jans T; Jacob C; Warnke A; Zwanzger U; Groß-Lesch S; Matthies S; Borel
P; Hennighausen K; Haack-Dees B; Rösler M; Retz W; von Gontard A; Hänig
S; Sobanski E; Alm B; Poustka L; Hohmann S; Colla M; Gentschow L; Jaite
C; Kappel V; Becker K; Holtmann M; Freitag C; Graf E; Ihorst G; Philipsen
A (2015). Does intensive multimodal treatment for maternal ADHD improve the
efficacy of parent training for children with ADHD? A randomized controlled mul-
ticenter trial.. Journal of child psychology and psychiatry, and allied disciplines.
DOI 10.1111/jcpp.12443; PMID 26123832 · 56 citations

13. Janssen L; Kan CC; Carpentier PJ; Sizoo B; Hepark S; Schellekens MPJ;
Donders ART; Buitelaar JK; Speckens AEM (2019). Mindfulness-based
cognitive therapy v. treatment as usual in adults with ADHD: a multicen-
tre, single-blind, randomised controlled trial.. Psychological medicine. DOI
10.1017/s0033291718000429; PMID 29486807 · 79 citations

14. Jason S Nomi (2018). Resting-State Brain Signal Variability in Prefrontal Cortex Is
Associated With ADHD Symptom Severity in Children.. Frontiers in human neuro-
science. DOI 10.3389/fnhum.2018.00090; PMID 29593515 · 57 citations

15. Jennie Garcia-Olivares; Brittney Yegla; Khanum Ridler; Gaia Rizzo; Zhen
Fan; Amy Llopis Amenta; Anton Forsberg Moren; Christer Halldin; Vladimir
Stepanov; Jennifer Koch; Chungping Yu; Jonathan Rubin; Vladimir Maletic;
Eugenii A Rabiner (2026). Viloxazine occupies the 5-HT2C receptor in the
Macaca fascicularis brain in vivo: a [11C]CIMBI-36 positron emission tomography
study.. The international journal of neuropsychopharmacology. DOI 10.1093/ijn-
p/pyag034; PMID 42335010 · 0 citations

16. Jesse Elliott; Amy Johnston; Don Husereau; Shannon E Kelly; Caroline Ea-
gles; Alice Charach; Shu-Ching Hsieh; Zemin Bai; Alomgir Hossain; Becky
Skidmore; Eva Tsakonas; Dagmara Chojecki; Muhammad Mamdani; George
A Wells (2020). Pharmacologic treatment of attention deficit hyperactivity disor-
der in adults: A systematic review and network meta-analysis.. PloS one. DOI
10.1371/journal.pone.0240584; PMID 33085721 · 83 citations

17. Jessica C Agnew-Blais; Guilherme V Polanczyk; Andrea Danese; Jasmin
Wertz; Terrie E Moffitt; Louise Arseneault (2016). Evaluation of the Persistence,
Remission, and Emergence of Attention-Deficit/Hyperactivity Disorder in Young
Adulthood.. JAMA psychiatry. DOI 10.1001/jamapsychiatry.2016.0465; PMID
27192174 · 463 citations

18. Jessica C Agnew-Blais; Guilherme V Polanczyk; Andrea Danese; Jasmin
Wertz; Terrie E Moffitt; Louise Arseneault (2018). Young adult mental health
and functional outcomes among individuals with remitted, persistent and late-onset
ADHD.. The British journal of psychiatry : the journal of mental science. DOI
10.1192/bjp.2018.97; PMID 29957167 · 77 citations

19. Joel Nigg (2022). Parsing ADHD with Temperament Traits.. Current directions
in psychological science. DOI 10.1177/09637214221098079; PMID 36188231 · 30
citations

20. Joel T Nigg (2005). Neuropsychologic theory and findings in attention-
deficit/hyperactivity disorder: the state of the field and salient challenges for the com-
ing decade.. Biological psychiatry. DOI 10.1016/j.biopsych.2004.11.011; PMID
15950017 · 520 citations

21. Joel T Nigg; H Hill Goldsmith; Jennifer Sachek (2004). Temperament and atten-
tion deficit hyperactivity disorder: the development of a multiple pathway model..
Journal of clinical child and adolescent psychology : the official journal for the
Society of Clinical Child and Adolescent Psychology, American Psychological Asso-
ciation, Division 53. DOI 10.1207/s15374424jccp3301_5; PMID 15028540 · 382
citations

183



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 5/12

1. Jonas Hannestad; Jean-Dominique Gallezot; Beata Planeta-Wilson; Shu-Fei
Lin; Wendol AWilliams; Christopher H van Dyck; Robert TMalison; Richard
E Carson; Yu-Shin Ding (2010). Clinically relevant doses of methylphenidate sig-
nificantly occupy norepinephrine transporters in humans in vivo.. Biological psychi-
atry. DOI 10.1016/j.biopsych.2010.06.017; PMID 20691429 · 240 citations

2. Jonatan Fullerton Støier; Ainoa Konomi-Pilkati; Mia Apuschkin; Freja Her-
borg; Ulrik Gether (2023). Amphetamine-induced reverse transport of dopamine
does not require cytosolic Ca2.. The Journal of biological chemistry. DOI
10.1016/j.jbc.2023.105063; PMID 37468107 · 18 citations

3. Jonathan D. Power; Alexander L. Cohen; Steven M. Nelson; Gagan S.
Wig; Kelly A. Barnes; Jessica A. Church; Alecia C. Vogel; Timothy O.
Laumann; Fran M. Miezin; Bradley L. Schlaggar; Steven E. Petersen
(2011). Functional Network Organization of the Human Brain. Neuron. DOI
10.1016/j.neuron.2011.09.006; PMID 22099467 · 4,480 citations

4. Jonathan D. Power; Kelly A. Barnes; Abraham Z. Snyder; Bradley L. Schlag-
gar; Steven E. Petersen (2011). Spurious but systematic correlations in func-
tional connectivity MRI networks arise from subject motion. NeuroImage. DOI
10.1016/j.neuroimage.2011.10.018; PMID 22019881 · 7,963 citations

5. Jonathan Posner; Guilherme V Polanczyk; Edmund Sonuga-Barke (2020).
Attention-deficit hyperactivity disorder.. Lancet (London, England). DOI
10.1016/s0140-6736(19)33004-1; PMID 31982036 · 846 citations

6. K Rubia (2019). Functional connectivity changes associated with fMRI neurofeed-
back of right inferior frontal cortex in adolescents with ADHD.. NeuroImage. DOI
10.1016/j.neuroimage.2018.11.055; PMID 30513395 · 114 citations

7. Kaminski A, Xie H, Hawkins B, Vaidya CJ (2024). Change in striatal functional
connectivity networks across 2 years due to stimulant exposure in childhood ADHD:
results from the ABCD sample. Translational Psychiatry. DOI 10.1038/s41398-
024-03165-7; PMID 39505862 · 9 citations

8. Kate Langley; Joanna Martin; Anita Thapar (2022). Genetics of Attention-
Deficit Hyperactivity Disorder.. Current topics in behavioral neurosciences. DOI
10.1007/7854_2022_338; PMID 35538303 · 5 citations

9. Kay BP, Wheelock MD, Siegel JS, Raut RV, Chauvin RJ, Metoki A, Rajesh
A, Eck A, Pollaro J, Wang A, Suljic V, Adeyemo B, Baden NJ, Scheidter KM,
Monk JS, Whiting FI, Ramirez-Perez N, Krimmel SR, Shinohara RT, Tervo-
Clemmens B,Hermosillo RJM,Nelson SM,Hendrickson TJ,Madison T,Moore
LA, Miranda-Dominguez O, Randolph A, Feczko E, Roland JL, Nicol GE, Lau-
mann TO, Marek S, Gordon EM, Raichle ME, Barch DM, Fair DA, Dosenbach
NUF (2025). Stimulant medications affect arousal and reward, not attention net-
works. Cell. DOI 10.1016/j.cell.2025.11.039; PMID 41448140 · 11 citations

10. Kelsey K Wiggs; Zheng Chang; Patrick D Quinn; Kwan Hur; Robert Gib-
bons; David Dunn; Isabell Brikell; Henrik Larsson; BrianMD’Onofrio (2018).
Attention-deficit/hyperactivity disorder medication and seizures.. Neurology. DOI
10.1212/wnl.0000000000005213; PMID 29476037 · 44 citations

11. Kevin M Antshel; Natalie Russo (2019). Autism Spectrum Disorders and ADHD:
Overlapping Phenomenology, Diagnostic Issues, and Treatment Considerations..
Current psychiatry reports. DOI 10.1007/s11920-019-1020-5; PMID 30903299 ·
455 citations

12. Kollins SH; Childress A; Heusser AC; Lutz J (2021). Effectiveness of a digital
therapeutic as adjunct to treatment with medication in pediatric ADHD.. NPJ digital
medicine. DOI 10.1038/s41746-021-00429-0; PMID 33772095 · 104 citations

13. Kollins SH; DeLoss DJ; Cañadas E; Lutz J; Findling RL; Keefe RSE; Ep-
stein JN; Cutler AJ; Faraone SV (2020). A novel digital intervention for actively
reducing severity of paediatric ADHD (STARS-ADHD): a randomised controlled
trial.. The Lancet. Digital health. DOI 10.1016/s2589-7500(20)30017-0; PMID
33334505 · 403 citations

14. Kowalczyk OS, Cubillo AI, Criaud M, Giampietro V, O’Daly OG, Mehta MA,
Rubia K (2023). Single-dose effects of methylphenidate and atomoxetine on func-
tional connectivity during an n-back task in boys with ADHD. Psychopharmacology.
DOI 10.1007/s00213-023-06422-7; PMID 37500785 · 14 citations

15. Kowalczyk OS, Cubillo AI, Smith A, Barrett N, Giampietro V, Brammer M,
Simmons A, Rubia K (2019). Methylphenidate and atomoxetine normalise fronto-
parietal underactivation during sustained attention in ADHD adolescents. Euro-
pean Neuropsychopharmacology. DOI 10.1016/j.euroneuro.2019.07.139; PMID
31358436 · 67 citations

16. Krakauer JW, Ghazanfar AA, Gomez-Marin A, MacIver MA, Poeppel D
(2017). Neuroscience needs behavior: correcting a reductionist bias. Neuron. DOI
10.1016/j.neuron.2016.12.041; PMID 28182904 · 1,511 citations

17. Kun Qin (2026). Different Changes in Brain Functional Networks Following 12-
Week Psychostimulant Treatment in Attention-Deficit/Hyperactivity Disorder Youth
With and Without Familial Risk for Bipolar I Disorder.. Journal of the Ameri-
can Academy of Child and Adolescent Psychiatry. DOI 10.1016/j.jaac.2025.07.421;
PMID 40712681 · 1 citations

18. Kurt P Schulz; Jin Fan; Anne-Claude V Bédard; Suzanne M Clerkin; Iliyan
Ivanov; Cheuk Y Tang; Jeffrey M Halperin; Jeffrey H Newcorn (2012). Com-
mon and unique therapeutic mechanisms of stimulant and nonstimulant treatments
for attention-deficit/hyperactivity disorder.. Archives of general psychiatry. DOI
10.1001/archgenpsychiatry.2011.2053; PMID 22945622 · 115 citations

19. Lam AP; Matthies S; Graf E; Colla M; Jacob C; Sobanski E; Alm B; Rösler
M; Retz W; Retz-Junginger P; Kis B; Abdel-Hamid M; Müller HHO; Lücke
C; Huss M; Jans T; Berger M; Tebartz van Elst L; Philipsen A; Comparison of
Methylphenidate and Psychotherapy in Adult ADHD Study (COMPAS) Con-
sortium (2019). Long-term Effects of Multimodal Treatment on Adult Attention-
Deficit/Hyperactivity Disorder Symptoms: Follow-up Analysis of the COMPAS
Trial.. JAMA network open. DOI 10.1001/jamanetworkopen.2019.4980; PMID
31150084 · 61 citations

20. Langberg JM; Dvorsky MR; Molitor SJ; Bourchtein E; Eddy LD; Smith ZR;
Oddo LE; EadehHM (2018). Overcoming the research-to-practice gap: A random-
ized trial with two brief homework and organization interventions for students with
ADHD as implemented by school mental health providers.. Journal of consulting
and clinical psychology. DOI 10.1037/ccp0000265; PMID 29172596 · 75 citations

21. Laura Ghirardi; Henrik Larsson; Zheng Chang; Qi Chen; Patrick D Quinn;
Kwan Hur; Robert D Gibbons; Brian M D’Onofrio (2020). Attention-
Deficit/Hyperactivity Disorder Medication and Unintentional Injuries in Children
and Adolescents.. Journal of the American Academy of Child and Adolescent Psy-
chiatry. DOI 10.1016/j.jaac.2019.06.010; PMID 31302218 · 34 citations

22. Laurel A Habel; William O Cooper; Colin M Sox; K Arnold Chan; Bruce H
Fireman; Patrick G Arbogast; T Craig Cheetham; Virginia P Quinn; Sascha
Dublin; Denise M Boudreau; Susan E Andrade; Pamala A Pawloski; Marsha
A Raebel; David H Smith; Ninah Achacoso; Connie Uratsu; Alan S Go; Steve
Sidney; Mai N Nguyen-Huynh; Wayne A Ray; Joe V Selby (2011). ADHD med-
ications and risk of serious cardiovascular events in young and middle-aged adults..
JAMA. DOI 10.1001/jama.2011.1830; PMID 22161946 · 296 citations

23. Lauren V Moran; Dost Ongur; John Hsu; Victor M Castro; Roy H Perlis; Se-
bastian Schneeweiss (2019). Psychosis with Methylphenidate or Amphetamine in
Patients with ADHD.. The New England journal of medicine. DOI 10.1056/nej-
moa1813751; PMID 30893533 · 180 citations

24. Laurence L Greenhill; James M Swanson; Lily Hechtman; James Waxmon-
sky; L Eugene Arnold; Brooke S G Molina; Stephen P Hinshaw; Peter
S Jensen; Howard B Abikoff; Timothy Wigal; Annamarie Stehli; Andrea
Howard; Michael Hermanussen; Tomasz Hanć; MTA Cooperative Group
(2020). Trajectories of Growth Associated With Long-Term Stimulant Medica-
tion in the Multimodal Treatment Study of Attention-Deficit/Hyperactivity Disor-
der.. Journal of the American Academy of Child and Adolescent Psychiatry. DOI
10.1016/j.jaac.2019.06.019; PMID 31421233 · 70 citations

25. Laurence L. Greenhill (2006). A randomized, double-blind, placebo-controlled
study of modafinil film-coated tablets in children and adolescents with attention-
deficit/hyperactivity disorder. Journal of the American Academy of Child & Adoles-
cent Psychiatry. DOI 10.1097/01.chi.0000205709.63571.c9; PMID 16601402 · 143
citations

184



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 6/12

1. LeZhang; Honghui Yao; Lin Li; EbbaDuRietz; Pontus Andell; Miguel Garcia-
Argibay; BrianMD’Onofrio; Samuele Cortese; Henrik Larsson; ZhengChang
(2022). Risk of Cardiovascular Diseases Associated With Medications Used in
Attention-Deficit/Hyperactivity Disorder: A Systematic Review and Meta-analysis..
JAMA network open. DOI 10.1001/jamanetworkopen.2022.43597; PMID 36416824
· 103 citations

2. Le Zhang; Lin Li; Pontus Andell; Miguel Garcia-Argibay; Patrick D
Quinn; Brian M D’Onofrio; Isabell Brikell; Ralf Kuja-Halkola; Paul Licht-
enstein; Kristina Johnell; Henrik Larsson; Zheng Chang (2024). Attention-
Deficit/Hyperactivity Disorder Medications and Long-Term Risk of Cardiovascu-
lar Diseases.. JAMA psychiatry. DOI 10.1001/jamapsychiatry.2023.4294; PMID
37991787 · 142 citations

3. Le Zhang; Nanbo Zhu; Arvid Sjölander; Mikail Nourredine; Lin Li; Miguel
Garcia-Argibay; Ralf Kuja-Halkola; Isabell Brikell; Paul Lichtenstein; Brian
MD’Onofrio; Henrik Larsson; Samuele Cortese; Zheng Chang (2025). ADHD
drug treatment and risk of suicidal behaviours, substance misuse, accidental injuries,
transport accidents, and criminality: emulation of target trials.. BMJ (Clinical re-
search ed.). DOI 10.1136/bmj-2024-083658; PMID 40803836 · 44 citations

4. Leanne Tamm (2025). Exploring the neural basis of reaction time variability in
ADHD: The importance of examining data at the trial level.. Neuroimage. Reports.
DOI 10.1016/j.ynirp.2025.100263; PMID 40511327 · 2 citations

5. Lee S; Hill TR; Johnson B; Testa R; Priya V; Spencer-Smith M; Coghill D
(2022). CanNeurocognitiveOutcomesAssistMeasurement-BasedCare for Children
with Attention-Deficit/Hyperactivity Disorder? A Systematic Review and Meta-
Analyses of the Relationships Among the Changes in Neurocognitive Functions and
Clinical Outcomes of Attention-Deficit/Hyperactivity Disorder in Pharmacological
and Cognitive Training Interventions.. Journal of child and adolescent psychophar-
macology. DOI 10.1089/cap.2022.0028; PMID 35704876 · 16 citations

6. Lee YC; Chen CR; Lin KC (2022). Effects of Mindfulness-Based Interventions
in Children and Adolescents with ADHD: A Systematic Review and Meta-Analysis
of Randomized Controlled Trials.. International journal of environmental research
and public health. DOI 10.3390/ijerph192215198; PMID 36429915 · 63 citations

7. Lekai Luo (2023). Patterns of brain dynamic functional connectivity are linked with
attention-deficit/hyperactivity disorder-related behavioral and cognitive dimensions..
Psychological medicine. DOI 10.1017/s0033291723000089; PMID 36748350 · 48
citations

8. Lenard A Adler; Stephen V Faraone; Thomas J Spencer; Patricia Berglund;
Samuel Alperin; Ronald C Kessler (2017). The structure of adult ADHD.. Inter-
national journal of methods in psychiatric research. DOI 10.1002/mpr.1555; PMID
28211596 · 127 citations

9. Lenard A Adler; Thomas J Spencer; David W Williams; Rodney J Moore;
David Michelson (2008). Long-term, open-label safety and efficacy of atomoxetine
in adults with ADHD: final report of a 4-year study.. Journal of attention disorders.
DOI 10.1177/1087054708316250; PMID 18448861 · 89 citations

10. Lenard A Adler; Thomas Spencer; Thomas E Brown; James Holdnack; Keith
Saylor; Kory Schuh; Paula T Trzepacz; David W Williams; Douglas Kelsey
(2009). Once-daily atomoxetine for adult attention-deficit/hyperactivity disorder:
a 6-month, double-blind trial.. Journal of clinical psychopharmacology. DOI
10.1097/jcp.0b013e318192e4a0; PMID 19142107 · 142 citations

11. Lidy M. Pelsser (2011). Effects of a restricted elimination diet on the behaviour
of children with attention-deficit hyperactivity disorder (INCA study): a ran-
domised controlled trial. The Lancet. DOI 10.1016/s0140-6736(10)62227-1; PMID
21296237 · 215 citations

12. Lin Li; Nanbo Zhu; Le Zhang; Ralf Kuja-Halkola; BrianMD’Onofrio; Isabell
Brikell; Paul Lichtenstein; Samuele Cortese; Henrik Larsson; Zheng Chang
(2024). ADHD Pharmacotherapy andMortality in Individuals With ADHD.. JAMA.
DOI 10.1001/jama.2024.0851; PMID 38470385 · 119 citations

13. Lopez PL; Torrente FM; Ciapponi A; Lischinsky AG; Cetkovich-Bakmas M;
Rojas JI; Romano M; Manes FF (2018). Cognitive-behavioural interventions for

attention deficit hyperactivity disorder (ADHD) in adults.. The Cochrane database
of systematic reviews. DOI 10.1002/14651858.cd010840.pub2; PMID 29566425 ·
141 citations

14. Lu Liu (2024). Interference of default mode on attention networks in adults with
attention-deficit/hyperactivity disorder and its association with genetic variants and
treatment outcomes.. CNS neuroscience & therapeutics. DOI 10.1111/cns.14900;
PMID 39145420 · 12 citations

15. Lucina Q Uddin (2008). Network homogeneity reveals decreased integrity
of default-mode network in ADHD.. Journal of neuroscience methods. DOI
10.1016/j.jneumeth.2007.11.031; PMID 18190970 · 459 citations

16. Luis C Farhat; Alice Lannes; Cinzia Del Giovane; Valeria Parlatini; Miguel
Garcia-Argibay; Edoardo G Ostinelli; Anneka Tomlinson; Zheng Chang; Hen-
rik Larsson; Cristiano Fava; François Montastruc; Andrea Cipriani; Alexis
Revet; Samuele Cortese (2025). Comparative cardiovascular safety of medica-
tions for attention-deficit hyperactivity disorder in children, adolescents, and adults:
a systematic review and network meta-analysis.. The lancet. Psychiatry. DOI
10.1016/s2215-0366(25)00062-8; PMID 40203844 · 21 citations

17. Luis C Farhat; José M Flores; Victor J Avila-Quintero; Guilherme V
Polanczyk; Andrea Cipriani; Toshi A Furukawa; Michael H Bloch; Samuele
Cortese (2024). Treatment Outcomes With Licensed and Unlicensed Stimu-
lant Doses for Adults With Attention-Deficit/Hyperactivity Disorder: A System-
atic Review and Meta-Analysis.. JAMA psychiatry. DOI 10.1001/jamapsychia-
try.2023.3985; PMID 37878348 · 18 citations

18. LuisMarcos-Vidal (2018). Local functional connectivity suggests functional imma-
turity in children with attention-deficit/hyperactivity disorder.. Human brain map-
ping. DOI 10.1002/hbm.24013; PMID 29473262 · 45 citations

19. Luke J Norman (2023). Evidence from ”big data” for the default-mode hypothesis
of ADHD: a mega-analysis of multiple large samples.. Neuropsychopharmacology
: official publication of the American College of Neuropsychopharmacology. DOI
10.1038/s41386-022-01408-z; PMID 36100657 · 43 citations

20. Luke J Norman (2025). Cross-Sectional Mega-Analysis of Resting-State Alter-
ations Associated with Autism and Attention-Deficit/Hyperactivity Disorder in Chil-
dren and Adolescents.. Nature. Mental health. DOI 10.1038/s44220-025-00431-5;
PMID 41446723 · 10 citations

21. Lukito S; Lam SL; Criaud M; Westwood S; Kowalczyk OS; Curran S; Barrett
N; Abbott C; Liang H; Simonoff E; Barker GJ; Giampietro V; Rubia K (2024).
Effects of fMRI neurofeedback of right inferior frontal cortex on inhibitory brain
activation in children with ADHD.. Philosophical transactions of the Royal Soci-
ety of London. Series B, Biological sciences. DOI 10.1098/rstb.2023.0097; PMID
39428885 · 9 citations

22. M John Broulidakis (2022). Default mode network connectivity and attention-
deficit/hyperactivity disorder in adolescence: Associations with delay aversion and
temporal discounting, but not mind wandering.. International journal of psychophys-
iology : official journal of the International Organization of Psychophysiology. DOI
10.1016/j.ijpsycho.2022.01.007; PMID 35032471 · 24 citations

23. Maarten Mennes (2011). Resting state functional connectivity correlates of in-
hibitory control in children with attention-deficit/hyperactivity disorder.. Frontiers
in psychiatry. DOI 10.3389/fpsyt.2011.00083; PMID 22470352 · 66 citations

24. Manza P, Shokri-Kojori E, Wiers CE, Kroll D, Feldman D, McPherson K,
Biesecker E, Dennis E, Johnson A, Kelleher A, Qu S, Tomasi D, Wang GJ,
VolkowND (2022). Sex differences inmethylphenidate-induced dopamine increases
in ventral striatum. Molecular Psychiatry. DOI 10.1038/s41380-021-01294-9;
PMID 34707237 · 45 citations

25. Manza P, Tomasi D, Demiral SB, Shokri-Kojori E, Lildharrie C, Lin E, Wang
GJ, Volkow ND (2025). Neural basis for individual differences in the attention-
enhancing effects of methylphenidate. Proceedings of the National Academy of
Sciences of the United States of America. DOI 10.1073/pnas.2423785122; PMID
40127280 · 12 citations

185



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 7/12

1. Marcus E. Raichle; AnnMaryMacLeod; Abraham Z. Snyder; William J. Pow-
ers; Debra A. Gusnard; Gordon L. Shulman (2001). A default mode of brain
function. Proceedings of the National Academy of Sciences of the United States of
America. DOI 10.1073/pnas.98.2.676; PMID 11209064 · 12,505 citations

2. Margaret H Sibley; Traci M Kennedy; James M Swanson; L Eugene Arnold;
Peter S Jensen; Lily T Hechtman; Brooke S G Molina; Andrea Howard;
Laurence Greenhill; Andrea Chronis-Tuscano; John T Mitchell; Jeffrey H
Newcorn; Luis A Rohde; Stephen P Hinshaw (2024). Characteristics and Pre-
dictors of Fluctuating Attention-Deficit/Hyperactivity Disorder in the Multimodal
Treatment of ADHD (MTA) Study.. The Journal of clinical psychiatry. DOI
10.4088/jcp.24m15395; PMID 39431909 · 29 citations

3. Margaret H. Sibley; Paulo A. Graziano; Stefany Coxe; Timothy F. Page; Pablo
Martin (2025). Three-Year Effects of Motivational Interviewing-Enhanced Behav-
ior Therapy for Adolescents With Attention-Deficit/Hyperactivity Disorder: A Ran-
domized Community-Based Trial. Journal of the American Academy of Child and
Adolescent Psychiatry. DOI 10.1016/j.jaac.2024.10.009; PMID 39442667 · 3 cita-
tions

4. Martine Hoogman; Janita Bralten; Derrek P Hibar; Maarten Mennes; Marcel
P Zwiers; Lizanne S J Schweren; Kimm J E van Hulzen; Sarah E Medland;
Elena Shumskaya; Neda Jahanshad; Patrick de Zeeuw; Eszter Szekely; Gus-
tavo Sudre; Thomas Wolfers; Alberdingk M H Onnink; Janneke T Dammers;
Jeanette C Mostert; Yolanda Vives-Gilabert; Gregor Kohls; Eileen Ober-
welland; Jochen Seitz;Martin Schulte-Rüther; SaraAmbrosino; AlysaEDoyle;
Marie F Høvik; Margaretha Dramsdahl; Leanne Tamm; Theo G M van Erp;
Anders Dale; Andrew Schork; Annette Conzelmann; Kathrin Zierhut; Ra-
mona Baur; Hazel McCarthy; Yuliya N Yoncheva; Ana Cubillo; Kaylita Chan-
tiluke; Mitul A Mehta; Yannis Paloyelis; Sarah Hohmann; Sarah Baumeister;
Ivanei Bramati; Paulo Mattos; Fernanda Tovar-Moll; Pamela Douglas; Tobias
Banaschewski; Daniel Brandeis; Jonna Kuntsi; Philip Asherson; Katya Rubia;
Clare Kelly; Adriana DiMartino; Michael PMilham; Francisco X Castellanos;
Thomas Frodl; Mariam Zentis; Klaus-Peter Lesch; Andreas Reif; Paul Pauli;
Terry L Jernigan; Jan Haavik; Kerstin J Plessen; Astri J Lundervold; Ken-
neth Hugdahl; Larry J Seidman; Joseph Biederman; Nanda Rommelse; Dirk J
Heslenfeld; Catharina A Hartman; Pieter J Hoekstra; Jaap Oosterlaan; Georg
von Polier; Kerstin Konrad; Oscar Vilarroya; Josep Antoni Ramos-Quiroga;
Joan Carles Soliva; Sarah Durston; Jan K Buitelaar; Stephen V Faraone;
Philip Shaw; Paul M Thompson; Barbara Franke (2017). Subcortical brain vol-
ume differences in participants with attention deficit hyperactivity disorder in chil-
dren and adults: a cross-sectional mega-analysis.. The lancet. Psychiatry. DOI
10.1016/s2215-0366(17)30049-4; PMID 28219628 · 912 citations

5. Martine Hoogman; Ryan Muetzel; Joao P Guimaraes; Elena Shumskaya;
MaartenMennes; Marcel P Zwiers; Neda Jahanshad; Gustavo Sudre; Thomas
Wolfers; Eric A Earl; Juan Carlos Soliva Vila; Yolanda Vives-Gilabert; Sabin
Khadka; Stephanie E Novotny; Catharina A Hartman; Dirk J Heslenfeld;
Lizanne J S Schweren; Sara Ambrosino; Bob Oranje; Patrick de Zeeuw;
Tiffany M Chaim-Avancini; Pedro G P Rosa; Marcus V Zanetti; Charles B
Malpas; Gregor Kohls; Georg G von Polier; Jochen Seitz; Joseph Bieder-
man; Alysa E Doyle; Anders M Dale; Theo G M van Erp; Jeffery N Ep-
stein; Terry L Jernigan; Ramona Baur-Streubel; Georg C Ziegler; Kathrin
C Zierhut; Anouk Schrantee; Marie F Høvik; Astri J Lundervold; Clare Kelly;
HazelMcCarthy; Norbert Skokauskas; Ruth LO’Gorman Tuura; Anna Calvo;
Sara Lera-Miguel; Rosa Nicolau; Kaylita C Chantiluke; Anastasia Christakou;
Alasdair Vance; Mara Cercignani; Matt C Gabel; Philip Asherson; Sarah
Baumeister; Daniel Brandeis; Sarah Hohmann; Ivanei E Bramati; Fernanda
Tovar-Moll; Andreas J Fallgatter; Bernd Kardatzki; Lena Schwarz; Anatoly
Anikin; Alexandr Baranov; Tinatin Gogberashvili; Dmitry Kapilushniy; Anas-
tasia Solovieva; HananElMarroun; TonyaWhite; Georgii Karkashadze; Leyla
Namazova-Baranova; Thomas Ethofer; Paulo Mattos; Tobias Banaschewski;
David Coghill; Kerstin J Plessen; Jonna Kuntsi; Mitul A Mehta; Yannis
Paloyelis; Neil A Harrison; Mark A Bellgrove; Tim J Silk; Ana I Cubillo;
Katya Rubia; Luisa Lazaro; Silvia Brem; Susanne Walitza; Thomas Frodl;
MariamZentis; FranciscoXCastellanos; YuliyaNYoncheva; JanHaavik; Lies-
beth Reneman; Annette Conzelmann; Klaus-Peter Lesch; Paul Pauli; Andreas
Reif; Leanne Tamm; Kerstin Konrad; Eileen Oberwelland Weiss; Geraldo

F Busatto; Mario R Louza; Sarah Durston; Pieter J Hoekstra; Jaap Ooster-
laan; Michael C Stevens; J Antoni Ramos-Quiroga; Oscar Vilarroya; Damien
A Fair; Joel T Nigg; Paul M Thompson; Jan K Buitelaar; Stephen V Faraone;
Philip Shaw; Henning Tiemeier; Janita Bralten; Barbara Franke (2019). Brain
Imaging of the Cortex in ADHD: A Coordinated Analysis of Large-Scale Clini-
cal and Population-Based Samples.. The American journal of psychiatry. DOI
10.1176/appi.ajp.2019.18091033; PMID 31014101 · 488 citations

6. Masaki Oya; Kiwamu Matsuoka; Manabu Kubota; Soichiro Kitamura; Yuko
Kataoka; Naomi Kokubo; Keisuke Takahata; Chie Seki; Hironobu Endo;
Kenji Tagai; Yuhei Takado; Kosei Hirata; Masanori Ichihashi; Shin Kurose;
Nobumasa Kato; Genichi Sugihara; Masaaki Shimizu; Shunsuke Takagi;
Wakako Ito; Motoaki Nakamura; Makoto Higuchi; Hidehiko Takahashi (2026).
Effects of Extended-Release Methylphenidate on Dopamine and Norepinephrine
Transporters in Adults With Attention-Deficit/Hyperactivity Disorder: A Longi-
tudinal Dual-Tracer PET Study.. Psychiatry and clinical neurosciences. DOI
10.1111/pcn.13911; PMID 41128391 · 1 citations

7. Matthew A Weber; Mackenzie M Conlon; Hannah R Stutt; Linder Wendt;
Patrick Ten Eyck; Nandakumar S Narayanan (2022). Quantifying the inverted U:
A meta-analysis of prefrontal dopamine, D1 receptors, and working memory.. Be-
havioral neuroscience. DOI 10.1037/bne0000512; PMID 35389678 · 32 citations

8. Maurizio Corbetta; Gordon L. Shulman (2002). Control of goal-directed
and stimulus-driven attention in the brain. Nature Reviews Neuroscience. DOI
10.1038/nrn755; PMID 11994752 · 13,157 citations

9. Mazzetti C, Gonzales Damatac C, Sprooten E, Ter Huurne N, Buitelaar JK,
Jensen O (2022). Dorsal-to-ventral imbalance in the superior longitudinal fascicu-
lus mediates methylphenidate’s effect on beta oscillations in ADHD. Psychophysiol-
ogy. DOI 10.1111/psyp.14008; PMID 35165906 · 12 citations

10. Menon V (2011). Large-scale brain networks and psychopathology: a
unifying triple network model. Trends in Cognitive Sciences. DOI
10.1016/j.tics.2011.08.003; PMID 21908230 · 4,286 citations

11. Merrill BM; Macphee FL; Burrows-MacLean L; Coles EK; Wymbs BT;
Chacko A; Walker K; Wymbs F; Garefino A; Robb Mazzant J; Gnagy EM;
Waxmonsky JG; Massetti GM; Waschbusch DA; Fabiano GA; Pelham WE
(2023). Single and Combined Effects of Multiple Intensities of Behavioral Modi-
fication and Methylphenidate for Children with ADHD in the Home Setting.. Re-
search on child and adolescent psychopathology. DOI 10.1007/s10802-023-01093-
6; PMID 37382748 · 6 citations

12. Michael A Mooney (2024). Cumulative Effects of Resting-State Connectivity
Across All Brain Networks Significantly Correlate with Attention-Deficit Hyperac-
tivity Disorder Symptoms.. The Journal of neuroscience : the official journal of the
Society for Neuroscience. DOI 10.1523/jneurosci.1202-23.2023; PMID 38286629 ·
22 citations

13. Michael Fox; Abraham Z. Snyder; Justin L. Vincent; Maurizio Corbetta;
David C. Van Essen; Marcus E. Raichle (2005). The human brain is intrinsi-
cally organized into dynamic, anticorrelated functional networks. Proceedings of
the National Academy of Sciences of the United States of America. DOI 10.1073/p-
nas.0504136102; PMID 15976020 · 8,923 citations

14. Michael H. Bloch (2011). Omega-3 fatty acid supplementation for the treatment of
children with attention-deficit/hyperactivity disorder symptomatology: systematic
review and meta-analysis. Journal of the American Academy of Child & Adolescent
Psychiatry. DOI 10.1016/j.jaac.2011.06.008; PMID 21961774 · 415 citations

15. Michael M Plichta; Anouk Scheres (2014). Ventral-striatal responsiveness dur-
ing reward anticipation in ADHD and its relation to trait impulsivity in the healthy
population: a meta-analytic review of the fMRI literature.. Neuroscience and biobe-
havioral reviews. DOI 10.1016/j.neubiorev.2013.07.012; PMID 23928090 · 431 ci-
tations

16. Michael W. Cole; Jeremy R. Reynolds; Jonathan D. Power; Grega Repovs;
Alan Anticevic; Todd S. Braver (2013). Multi-task connectivity reveals flexible
hubs for adaptive task control. Nature Neuroscience. DOI 10.1038/nn.3470; PMID
23892552 · 1,836 citations

186



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 8/12

1. Michelini G, Lenartowicz A, Diaz-Fong JP, Bilder RM, McGough JJ, Mc-
Cracken JT, Loo SK (2023). Methylphenidate, Guanfacine, and Combined Treat-
ment Effects on Electroencephalography Correlates of Spatial Working Memory
in Attention-Deficit/Hyperactivity Disorder. Journal of the American Academy
of Child and Adolescent Psychiatry. DOI 10.1016/j.jaac.2022.06.017; PMID
35963558 · 10 citations

2. Michelini G, Lenartowicz A, Vera JD, Bilder RM,McGough JJ,McCracken JT,
Loo SK (2023). Electrophysiological and Clinical Predictors of Methylphenidate,
Guanfacine, and Combined Treatment Outcomes in Children With Attention-
Deficit/Hyperactivity Disorder. Journal of the American Academy of Child and Ado-
lescent Psychiatry. DOI 10.1016/j.jaac.2022.08.001; PMID 35963559 · 14 citations

3. Miguel Garcia-Argibay; Tore Hofstad; Ingvar Bjelland; Samuele Cortese; Arn-
stein Mykletun (2026). ADHD medication discontinuation and non-adherence:
a Norwegian population-based register study.. BMJ mental health. DOI
10.1136/bmjment-2026-302649; PMID 42331561 · 0 citations

4. Min Wang; Brian P Ramos; Constantinos D Paspalas; Yousheng Shu; Arthur
Simen; Alvaro Duque; Susheel Vijayraghavan; Avis Brennan; Anne Dudley;
Eric Nou; James A Mazer; David A McCormick; Amy F T Arnsten (2007).
Alpha2A-adrenoceptors strengthen working memory networks by inhibiting cAMP-
HCN channel signaling in prefrontal cortex.. Cell. DOI 10.1016/j.cell.2007.03.015;
PMID 17448997 · 683 citations

5. Mizuno Y, Cai W, Supekar K, Makita K, Takiguchi S, Silk TJ, Tomoda A,
Menon V (2023). Methylphenidate Enhances Spontaneous Fluctuations in Reward
and Cognitive Control Networks in Children With Attention-Deficit/Hyperactivity
Disorder. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging. DOI
10.1016/j.bpsc.2022.10.001; PMID 36717325 · 18 citations

6. Molina BSG; Hinshaw SP; Swanson JM; Arnold LE; Vitiello B; Jensen PS;
Epstein JN; Hoza B; Hechtman L; Abikoff HB; Elliott GR; Greenhill LL; New-
corn JH; Wells KC; Wigal T; Gibbons RD; Hur K; Houck PR; MTA Coopera-
tive Group (2009). The MTA at 8 years: prospective follow-up of children treated
for combined-type ADHD in a multisite study.. Journal of the American Academy
of Child and Adolescent Psychiatry. DOI 10.1097/chi.0b013e31819c23d0; PMID
19318991 · 1,182 citations

7. Morteza Jafarinia; Mohammad-Reza Mohammadi; Amirhossein Modabber-
nia; Mandana Ashrafi; Danial Khajavi; Mina Tabrizi; Noorollah Yadegari;
Shahin Akhondzadeh (2012). Bupropion versus methylphenidate in the treatment
of children with attention-deficit/hyperactivity disorder: randomized double-blind
study.. Human psychopharmacology. DOI 10.1002/hup.2242; PMID 22806822 ·
43 citations

8. MTA Cooperative Group (2004). National Institute of Mental Health Multimodal
Treatment Study of ADHD follow-up: 24-month outcomes of treatment strategies for
attention-deficit/hyperactivity disorder.. Pediatrics. DOI 10.1542/peds.113.4.754;
PMID 15060224 · 593 citations

9. MTA Cooperative Group (2004). National Institute of Mental Health Multimodal
Treatment Study of ADHD follow-up: changes in effectiveness and growth after the
end of treatment.. Pediatrics. DOI 10.1542/peds.113.4.762; PMID 15060225 · 390
citations

10. Murphy BK, Miller KD (2009). Balanced amplification: a new mecha-
nism of selective amplification of neural activity patterns. Neuron. DOI
10.1016/j.neuron.2009.02.005; PMID 19249282 · 384 citations

11. Muthuraman Muthuraman (2019). Multimodal alterations of directed connec-
tivity profiles in patients with attention-deficit/hyperactivity disorders.. Scientific
reports. DOI 10.1038/s41598-019-56398-8; PMID 31882672 · 26 citations

12. N D Volkow; G Wang; J S Fowler; J Logan; M Gerasimov; L Maynard; Y
Ding; S J Gatley; A Gifford; D Franceschi (2001). Therapeutic doses of oral
methylphenidate significantly increase extracellular dopamine in the human brain..
The Journal of neuroscience : the official journal of the Society for Neuroscience.
DOI 10.1523/jneurosci.21-02-j0001.2001; PMID 11160455 · 769 citations

13. N D Volkow; J S Fowler; G Wang; Y Ding; S J Gatley (2002). Mechanism of
action of methylphenidate: insights from PET imaging studies.. Journal of attention
disorders. DOI 10.1177/070674370200601s05; PMID 12685517 · 357 citations

14. NaLuo (2023). Aberrant brain dynamics and spectral power in children with ADHD
and its subtypes.. European child & adolescent psychiatry. DOI 10.1007/s00787-
022-02068-6; PMID 35996018 · 50 citations

15. Naghmeh Kian; Noosha Samieefar; Nima Rezaei (2022). Prenatal risk factors
and genetic causes of ADHD in children.. World journal of pediatrics : WJP. DOI
10.1007/s12519-022-00524-6; PMID 35235183 · 71 citations

16. Nasri B; Cassel M; Enhärje J; Larsson M; Hirvikoski T; Ginsberg Y; Lin-
defors N; Kaldo V (2023). Internet delivered cognitive behavioral therapy for
adults with ADHD - A randomized controlled trial.. Internet interventions. DOI
10.1016/j.invent.2023.100636; PMID 37483263 · 29 citations

17. Natali S Bozhilova; Giorgia Michelini; Jonna Kuntsi; Philip Asherson (2018).
Mind wandering perspective on attention-deficit/hyperactivity disorder.. Neuro-
science and biobehavioral reviews. DOI 10.1016/j.neubiorev.2018.07.010; PMID
30036553 · 186 citations

18. Neda Kaboodvand (2020). Dynamic synergetic configurations of resting-state net-
works in ADHD.. NeuroImage. DOI 10.1016/j.neuroimage.2019.116347; PMID
31715256 · 62 citations

19. Negin Gholamipourbarogh (2026). Novel Neural Activity Profiles Underlying
Inhibitory Control Deficits of Clinical Relevance in Attention-Deficit/Hyperactivity
Disorder: Insights From Electroencephalography Tensor Decomposition..
Biological psychiatry. Cognitive neuroscience and neuroimaging. DOI
10.1016/j.bpsc.2025.05.001; PMID 40350038 · 3 citations

20. Nevena V Radonjić; Alessio Bellato; Nayla M Khoury; Samuele Cortese;
Stephen V Faraone (2023). Nonstimulant Medications for Attention-
Deficit/Hyperactivity Disorder (ADHD) in Adults: Systematic Review and Meta-
analysis.. CNS drugs. DOI 10.1007/s40263-023-01005-8; PMID 37166701 · 43
citations

21. Newcorn JH, Ivanov I, Krone B, Li X, Duhoux S, White S, Schulz KP,
Bedard AV, Pedraza J, Adler L, Blair RJ (2024). Neurobiological basis
of reinforcement-based decision making in adults with ADHD treated with lis-
dexamfetamine dimesylate: Preliminary findings and implications for mecha-
nisms influencing clinical improvement. Journal of Psychiatric Research. DOI
10.1016/j.jpsychires.2023.11.037; PMID 38101205 · 7 citations

22. Nicholas Seneca; BalázsGulyás; AndreaVarrone;Magnus Schou; AnuAiraksi-
nen; Johannes Tauscher; Francois Vandenhende; William Kielbasa; Lars
Farde; Robert B Innis; Christer Halldin (2006). Atomoxetine occupies the
norepinephrine transporter in a dose-dependent fashion: a PET study in nonhu-
man primate brain using (S,S)-[18F]FMeNER-D2.. Psychopharmacology. DOI
10.1007/s00213-006-0483-3; PMID 16896954 · 77 citations

23. Nicla Manzari (2019). Prenatal maternal stress and risk of neurodevelopmental dis-
orders in the offspring: a systematic review andmeta-analysis. Social Psychiatry and
Psychiatric Epidemiology. DOI 10.1007/s00127-019-01745-3; PMID 31324962 ·
174 citations

24. Nico U.F. Dosenbach; Damien A. Fair; FrancisM.Miezin; Alexander L. Cohen;
Kristin K. Wenger; Ronny A. T. Dosenbach; Michael Fox; Abraham Z. Snyder;
Justin L. Vincent; Marcus E. Raichle; Bradley L. Schlaggar; Steven E. Petersen
(2007). Distinct brain networks for adaptive and stable task control in humans. Pro-
ceedings of the National Academy of Sciences of the United States of America. DOI
10.1073/pnas.0704320104; PMID 17576922 · 2,769 citations

25. Nigel M Williams; Irina Zaharieva; Andrew Martin; Kate Langley; Kiran
Mantripragada; Ragnheidur Fossdal; Hreinn Stefansson; Kari Stefansson;
Pall Magnusson; Olafur O Gudmundsson; Omar Gustafsson; Peter Holmans;
Michael J Owen; Michael O’Donovan; Anita Thapar (2010). Rare chromosomal
deletions and duplications in attention-deficit hyperactivity disorder: a genome-wide
analysis.. Lancet (London, England). DOI 10.1016/s0140-6736(10)61109-9; PMID
20888040 · 579 citations

26. Nina de Lacy (2019). Dynamic connectivity and the effects of maturation in youth
with attention deficit hyperactivity disorder.. Network neuroscience (Cambridge,
Mass.). DOI 10.1162/netn_a_00063; PMID 30793080 · 59 citations

187



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 9/12

1. Ning Zhang;ManGao; JinglongYu; Qiang Zhang;WeiguangWang; Congxiao
Zhou; Lingjia Liu; Ting Sun; Xing Liao; Junhong Wang (2022). Understand-
ing the association between adverse childhood experiences and subsequent attention
deficit hyperactivity disorder: A systematic review and meta-analysis of observa-
tional studies.. Brain and behavior. DOI 10.1002/brb3.2748; PMID 36068993 · 39
citations

2. Nora D Volkow; Gene-Jack Wang; Joanna S Fowler; Jean Logan; Dinko
Franceschi; Laurence Maynard; Yu-Shin Ding; Samuel J Gatley; Andrew
Gifford; Wei Zhu; James M Swanson (2002). Relationship between block-
ade of dopamine transporters by oral methylphenidate and the increases in extra-
cellular dopamine: therapeutic implications.. Synapse (New York, N.Y.). DOI
10.1002/syn.10038; PMID 11793423 · 326 citations

3. Nora D Volkow; Joanna S Fowler; Jean Logan; David Alexoff; Wei Zhu; Frank
Telang; Gene-JackWang; Millard Jayne; JacobMHooker; ChristopherWong;
Barbara Hubbard; Pauline Carter; Donald Warner; Payton King; Colleen
Shea; Youwen Xu; Lisa Muench; Karen Apelskog-Torres (2009). Effects of
modafinil on dopamine and dopamine transporters in the male human brain: clinical
implications.. JAMA. DOI 10.1001/jama.2009.351; PMID 19293415 · 533 citations

4. Norman LJ, Sudre G, Bouyssi-Kobar M, SharpW, Shaw P (2021). A Longitudi-
nal Study of Resting-State Connectivity and Response to Psychostimulant Treatment
in ADHD. American Journal of Psychiatry. DOI 10.1176/appi.ajp.2021.20091342;
PMID 34086483 · 36 citations

5. Not reported in acquired record (1999). A 14-month randomized clinical trial
of treatment strategies for attention-deficit/hyperactivity disorder. The MTA Coop-
erative Group. Multimodal Treatment Study of Children with ADHD.. Archives
of general psychiatry. DOI 10.1001/archpsyc.56.12.1073; PMID 10591283 · 3,393
citations

6. Oh S; Choi J; Han DH; Kim E (2024). Effects of game-based digital therapeutics
on attention deficit hyperactivity disorder in children and adolescents as assessed
by parents or teachers: a systematic review and meta-analysis.. European child &
adolescent psychiatry. DOI 10.1007/s00787-023-02174-z; PMID 36862162 · 63
citations

7. Ole Jakob Storebø; Erica Ramstad; Helle B Krogh; Trine Danvad Nilausen;
Maria Skoog; Mathilde Holmskov; Susanne Rosendal; Camilla Groth; Fred-
erik L Magnusson; Carlos R Moreira-Maia; Donna Gillies; Kirsten Buch Ras-
mussen; Dorothy Gauci; Morris Zwi; Richard Kirubakaran; Bente Forsbøl;
Erik Simonsen; Christian Gluud (2015). Methylphenidate for children and adoles-
cents with attention deficit hyperactivity disorder (ADHD).. The Cochrane database
of systematic reviews. DOI 10.1002/14651858.cd009885.pub2; PMID 26599576 ·
339 citations

8. Ole Jakob Storebø; Maja Rosenberg Overby Storm; Johanne Pereira Ribeiro;
Maria Skoog; Camilla Groth; Henriette E Callesen; Julie Perrine Schaug;
Pernille Darling; Christel-Mie L Huus; Morris Zwi; Richard Kirubakaran;
Erik Simonsen; Christian Gluud (2025). Methylphenidate for children and adoles-
cents with attention deficit hyperactivity disorder (ADHD).. The Cochrane database
of systematic reviews. DOI 10.1002/14651858.cd009885.pub4; PMID 41342306 ·
6 citations

9. Ole Jakob Storebø; Nadia Pedersen; Erica Ramstad; Maja Lærke Kielsholm;
Signe Sofie Nielsen; Helle B Krogh; Carlos R Moreira-Maia; Frederik L Mag-
nusson; Mathilde Holmskov; Trine Gerner; Maria Skoog; Susanne Rosendal;
Camilla Groth; Donna Gillies; Kirsten Buch Rasmussen; Dorothy Gauci; Mor-
ris Zwi; Richard Kirubakaran; Sasja J Håkonsen; Lise Aagaard; Erik Simon-
sen; Christian Gluud (2018). Methylphenidate for attention deficit hyperactiv-
ity disorder (ADHD) in children and adolescents - assessment of adverse events
in non-randomised studies.. The Cochrane database of systematic reviews. DOI
10.1002/14651858.cd012069.pub2; PMID 29744873 · 321 citations

10. P Shaw; K Eckstrand; W Sharp; J Blumenthal; J P Lerch; D Greenstein; L
Clasen; A Evans; J Giedd; J L Rapoport (2007). Attention-deficit/hyperactivity
disorder is characterized by a delay in cortical maturation.. Proceedings of the
National Academy of Sciences of the United States of America. DOI 10.1073/p-
nas.0707741104; PMID 18024590 · 1,855 citations

11. Pan N, Ma T, Liu Y, Zhang S, Hu S, Shekara A, Cao H, Gong Q, Chen Y (2024).
Overlapping and differential neuropharmacological mechanisms of stimulants and

nonstimulants for attention-deficit/hyperactivity disorder: a comparative neuroimag-
ing analysis. Psychological Medicine. DOI 10.1017/s003329172400285x; PMID
39806554 · 7 citations

12. Parlatini V, Bellato A, Murphy D, Cortese S (2024). From neurons to brain net-
works, pharmacodynamics of stimulant medication for ADHD. Neuroscience and
Biobehavioral Reviews. DOI 10.1016/j.neubiorev.2024.105841; PMID 39098738 ·
23 citations

13. Parlatini V, Radua J, Solanes Font A, Wichers R, Maltezos S, Sanefuji M,
Dell’Acqua F, Catani M, Thiebaut de Schotten M, Murphy D (2023). Poor
response to methylphenidate is associated with a smaller dorsal attentive network
in adult Attention-Deficit/Hyperactivity Disorder. Translational Psychiatry. DOI
10.1038/s41398-023-02598-w; PMID 37777529 · 23 citations

14. Patrick D Quinn; Zheng Chang; Kwan Hur; Robert D Gibbons; Benjamin B
Lahey; Martin E Rickert; Arvid Sjölander; Paul Lichtenstein; Henrik Larsson;
Brian M D’Onofrio (2017). ADHD Medication and Substance-Related Problems..
The American journal of psychiatry. DOI 10.1176/appi.ajp.2017.16060686; PMID
28659039 · 186 citations

15. Paul Curtin (2022). Altered Periodic Dynamics in the Default Mode Network in
Autism and Attention-Deficit/Hyperactivity Disorder.. Biological psychiatry. DOI
10.1016/j.biopsych.2022.01.010; PMID 35227462 · 33 citations

16. Paul Lichtenstein; Linda Halldner; Johan Zetterqvist; Arvid Sjölander; Eva
Serlachius; Seena Fazel; Niklas Långström; Henrik Larsson (2012). Medica-
tion for attention deficit-hyperactivity disorder and criminality.. The New England
journal of medicine. DOI 10.1056/nejmoa1203241; PMID 23171097 · 621 citations

17. Pereira-Sanchez V, Franco AR, Vieira D, de Castro-Manglano P, Soutullo
C, Milham MP, Castellanos FX (2021). Systematic Review: Medication
Effects on Brain Intrinsic Functional Connectivity in Patients With Attention-
Deficit/Hyperactivity Disorder. Journal of the American Academy of Child and Ado-
lescent Psychiatry. DOI 10.1016/j.jaac.2020.10.013; PMID 33137412 · 58 citations

18. Pertermann M, Bluschke A, Roessner V, Beste C (2019). The Modulation of
Neural Noise Underlies the Effectiveness ofMethylphenidate Treatment in Attention-
Deficit/Hyperactivity Disorder. Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging. DOI 10.1016/j.bpsc.2019.03.011; PMID 31103546 · 84 citations

19. Pfiffner LJ; Rooney M; Haack L; Villodas M; Delucchi K; McBurnett K
(2016). A Randomized Controlled Trial of a School-Implemented School-Home
Intervention for Attention-Deficit/Hyperactivity Disorder Symptoms and Impair-
ment.. Journal of the American Academy of Child and Adolescent Psychiatry. DOI
10.1016/j.jaac.2016.05.023; PMID 27566117 · 72 citations

20. Pfiffner LJ; Rooney ME; Jiang Y; Haack LM; Beaulieu A; McBurnett K
(2018). Sustained Effects of Collaborative School-Home Intervention for Attention-
Deficit/Hyperactivity Disorder Symptoms and Impairment.. Journal of the Ameri-
can Academy of Child and Adolescent Psychiatry. DOI 10.1016/j.jaac.2018.01.016;
PMID 29588050 · 35 citations

21. Philipsen A; Jans T; Graf E; Matthies S; Borel P; Colla M; Gentschow L;
Langner D; Jacob C; Groß-Lesch S; Sobanski E; Alm B; Schumacher-Stien
M; Roesler M; Retz W; Retz-Junginger P; Kis B; Abdel-Hamid M; Heinrich
V; Huss M; Kornmann C; Bürger A; Perlov E; Ihorst G; Schlander M; Berger
M; Tebartz van Elst L; Comparison of Methylphenidate and Psychotherapy in
Adult ADHD Study (COMPAS) Consortium (2015). Effects of Group Psychother-
apy, Individual Counseling, Methylphenidate, and Placebo in the Treatment of Adult
Attention-Deficit/Hyperactivity Disorder: A Randomized Clinical Trial.. JAMA psy-
chiatry. DOI 10.1001/jamapsychiatry.2015.2146; PMID 26536057 · 170 citations

22. Power TJ; Mautone JA; Abikoff H; Gallagher R; Fleming PF; Tremont KL;
Cacia J; Poznanski B; Localio AR; Nissley-Tsiopinis J (2026). School-based or-
ganizational skills training for upper elementary students: Subgroup and mediat-
ing effects.. Journal of school psychology. DOI 10.1016/j.jsp.2026.101557; PMID
42521366 · 1 citations

23. Pretzsch CM, Parlatini V, Murphy D (2025). Single-dose methylphenidate in-
duces shift in functional connectivity associated with positive longer term clinical
response in adult attention-deficit/hyperactivity disorder. Scientific Reports. DOI
10.1038/s41598-025-87204-3; PMID 39962109 · 6 citations

188



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 10/12

1. Qingjiu Cao (2013). Probabilistic diffusion tractography and graph theory analysis
reveal abnormal white matter structural connectivity networks in drug-naive boys
with attention deficit/hyperactivity disorder.. The Journal of neuroscience : the offi-
cial journal of the Society for Neuroscience. DOI 10.1523/jneurosci.4793-12.2013;
PMID 23804091 · 221 citations

2. R. Matthew Hutchison; Thilo Womelsdorf; Elena A. Allen; Peter A. Bandet-
tini; Vince D. Calhoun; Maurizio Corbetta; Stefania Della Penna; JeffH. Duyn;
Gary H. Glover; Javier Gonzalez-Castillo; Daniel A. Handwerker; Shella Keil-
holz; Vesa Kiviniemi; David A. Leopold; Francesco de Pasquale; Olaf Sporns;
Martin Walter; Catie Chang (2013). Dynamic functional connectivity: promise,
issues, and interpretations. NeuroImage. DOI 10.1016/j.neuroimage.2013.05.079;
PMID 23707587 · 3,175 citations

3. Randy L. Buckner; Jessica R. Andrews-Hanna; Daniel L. Schacter (2008). The
Brain’s Default Network. Annals of the New York Academy of Sciences. DOI
10.1196/annals.1440.011; PMID 18400922 · 9,983 citations

4. Robert L Findling; Ann C Childress; Andrew J Cutler; Maria Gasior; Mo-
hamed Hamdani; M Celeste Ferreira-Cornwell; Liza Squires (2011). Ef-
ficacy and safety of lisdexamfetamine dimesylate in adolescents with attention-
deficit/hyperactivity disorder.. Journal of the American Academy of Child and Ado-
lescent Psychiatry. DOI 10.1016/j.jaac.2011.01.007; PMID 21421179 · 122 cita-
tions

5. Robyn E Wootton; Lucy Riglin; Rachel Blakey; Jessica Agnew-Blais; Arthur
Caye; Tim Cadman; Alexandra Havdahl; Helen Gonçalves; AnaMBMenezes;
Fernando C Wehrmeister; Kaili Rimfeld; George Davey Smith; Thalia C Eley;
Luis Augusto Rohde; Louise Arseneault; Terrie E Moffitt; Evie Stergiakouli;
Anita Thapar; Kate Tilling (2022). Decline in attention-deficit hyperactivity dis-
order traits over the life course in the general population: trajectories across five
population birth cohorts spanning ages 3 to 45 years.. International journal of epi-
demiology. DOI 10.1093/ije/dyac049; PMID 35403686 · 30 citations

6. Roy A; Hechtman L; Arnold LE; Swanson JM; Molina BSG; Sibley MH;
Howard AL; MTA Cooperative Group (2017). Childhood Predictors of
Adult Functional Outcomes in the Multimodal Treatment Study of Attention-
Deficit/Hyperactivity Disorder (MTA).. Journal of the American Academy of Child
and Adolescent Psychiatry. DOI 10.1016/j.jaac.2017.05.020; PMID 28735698 · 57
citations

7. Rubia K, Alegria AA, Cubillo AI, Smith AB, Brammer MJ, Radua J (2014).
Effects of stimulants on brain function in attention-deficit/hyperactivity disor-
der: a systematic review and meta-analysis. Biological Psychiatry. DOI
10.1016/j.biopsych.2013.10.016; PMID 24314347 · 319 citations

8. Russell A Barkley; Mariellen Fischer; Lori Smallish; Kenneth Fletcher (2002).
The persistence of attention-deficit/hyperactivity disorder into young adulthood as a
function of reporting source and definition of disorder.. Journal of Abnormal Psy-
chology. DOI 10.1037/0021-843X.111.2.279; PMID 12003449 · 1,159 citations

9. Russell A. Barkley (1997). Behavioral inhibition, sustained attention, and executive
functions: Constructing a unifying theory of ADHD.. Psychological Bulletin. DOI
10.1037/0033-2909.121.1.65; PMID 9000892 · 7,355 citations

10. Ryan C. Spencer (2015). The Cognition-Enhancing Effects of Psychostimulants
Involve Direct Action in the Prefrontal Cortex. Biological Psychiatry. DOI
10.1016/j.biopsych.2014.09.013; PMID 25499957 · 167 citations

11. Safren SA; Sprich S; Mimiaga MJ; Surman C; Knouse L; Groves M; Otto
MW (2010). Cognitive behavioral therapy vs relaxation with educational support
for medication-treated adults with ADHD and persistent symptoms: a randomized
controlled trial.. JAMA. DOI 10.1001/jama.2010.1192; PMID 20736471 · 372 cita-
tions

12. Samuele Cortese (2021). Systematic Review and Meta-analysis: Resting-State
Functional Magnetic Resonance Imaging Studies of Attention-Deficit/Hyperactivity
Disorder.. Journal of the American Academy of Child and Adolescent Psychiatry.
DOI 10.1016/j.jaac.2020.08.014; PMID 32946973 · 180 citations

13. Samuele Cortese; Clare Kelly; Camille Chabernaud; Erika Proal; Adriana Di
Martino; Michael P. Milham; F. Xavier Castellanos (2012). Toward Systems
Neuroscience of ADHD: A Meta-Analysis of 55 fMRI Studies. American Journal

of Psychiatry. DOI 10.1176/appi.ajp.2012.11101521; PMID 22983386 · 1,080 cita-
tions

14. Samuele Cortese; Guilherme Fusetto Veronesi; Alessandra Gabellone; Anna
Margari; Lucia Marzulli; Emilia Matera; Maria Giuseppina Petruzelli;
Francesco Maria Piarulli; Fabio Tarantino; Alessio Bellato; Valeria Parlatini;
Ebba Du Rietz; Henrik Larsson; Samantha Hornsey; Cathy Hill; Lucia Mar-
gari (2024). The management of sleep disturbances in children with attention-
deficit/hyperactivity disorder (ADHD): an update of the literature.. Expert review
of neurotherapeutics. DOI 10.1080/14737175.2024.2353692; PMID 38738544 · 33
citations

15. Samuele Cortese; Nicoletta Adamo; Cinzia Del Giovane; Christina Mohr-
Jensen; Adrian J Hayes; Sara Carucci; Lauren Z Atkinson; Luca Tessari; To-
bias Banaschewski; David Coghill; Chris Hollis; Emily Simonoff; Alessandro
Zuddas; Corrado Barbui; Marianna Purgato; Hans-Christoph Steinhausen;
Farhad Shokraneh; Jun Xia; Andrea Cipriani (2018). Comparative efficacy and
tolerability of medications for attention-deficit hyperactivity disorder in children,
adolescents, and adults: a systematic review and network meta-analysis.. The lancet.
Psychiatry. DOI 10.1016/s2215-0366(18)30269-4; PMID 30097390 · 1,401 cita-
tions

16. Sarah C O S Padilha; Suzane Virtuoso; Fernanda S Tonin; Helena H L Borba;
Roberto Pontarolo (2018). Efficacy and safety of drugs for attention deficit hyper-
activity disorder in children and adolescents: a network meta-analysis.. European
child & adolescent psychiatry. DOI 10.1007/s00787-018-1125-0; PMID 29460165
· 60 citations

17. Sean Esteban McCabe; Kara Dickinson; Brady T West; Timothy E Wilens
(2016). Age of Onset, Duration, and Type of Medication Therapy for Attention-
Deficit/Hyperactivity Disorder and Substance Use During Adolescence: A Multi-
Cohort National Study.. Journal of the American Academy of Child and Adolescent
Psychiatry. DOI 10.1016/j.jaac.2016.03.011; PMID 27238066 · 88 citations

18. Shania Mereen Soman (2023). Functional and structural brain network develop-
ment in children with attention deficit hyperactivity disorder.. Human brain map-
ping. DOI 10.1002/hbm.26288; PMID 36988503 · 45 citations

19. Sharon B Wigal; Scott H Kollins; Ann C Childress; Liza Squires; 311 Study
Group (2009). A 13-hour laboratory school study of lisdexamfetamine dimesy-
late in school-aged children with attention-deficit/hyperactivity disorder.. Child and
adolescent psychiatry and mental health. DOI 10.1186/1753-2000-3-17; PMID
19508731 · 113 citations

20. Shimon Schwartz; Christoph U Correll (2014). Efficacy and safety of atomoxe-
tine in children and adolescents with attention-deficit/hyperactivity disorder: results
from a comprehensive meta-analysis and metaregression.. Journal of the Ameri-
can Academy of Child and Adolescent Psychiatry. DOI 10.1016/j.jaac.2013.11.005;
PMID 24472252 · 169 citations

21. Shine JM, Bissett PG, Bell PT, Koyejo O, Balsters JH, Gorgolewski KJ,
Moodie CA, Poldrack RA (2016). The dynamics of functional brain networks:
integrated network states during cognitive task performance. Neuron. DOI
10.1016/j.neuron.2016.09.018; PMID 27693256 · 992 citations

22. Sibley MH; Arnold LE; Swanson JM; Hechtman LT; Kennedy TM; Owens E;
Molina BSG; Jensen PS; Hinshaw SP; Roy A; Chronis-Tuscano A; Newcorn
JH; Rohde LA; MTA Cooperative Group (2022). Variable Patterns of Remission
From ADHD in the Multimodal Treatment Study of ADHD.. The American journal
of psychiatry. DOI 10.1176/appi.ajp.2021.21010032; PMID 34384227 · 333 cita-
tions

23. Silberstein RB, Pipingas A, Farrow M, Levy F, Stough CK (2016). Dopaminer-
gic modulation of default mode network brain functional connectivity in attention
deficit hyperactivity disorder. Brain and Behavior. DOI 10.1002/brb3.582; PMID
28032005 · 45 citations

24. Sridharan D, Levitin DJ, Menon V (2008). A critical role for the right
fronto-insular cortex in switching between central-executive and default-mode net-
works. Proceedings of the National Academy of Sciences USA. DOI 10.1073/p-
nas.0800005105; PMID 18723676 · 2,979 citations

189



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 11/12

1. Stephanie C Cohen; Jilian M Mulqueen; Eduardo Ferracioli-Oda; Zachary
D Stuckelman; Catherine G Coughlin; James F Leckman; Michael H Bloch
(2015). Meta-Analysis: Risk of Tics Associated With Psychostimulant Use in Ran-
domized, Placebo-Controlled Trials.. Journal of the American Academy of Child and
Adolescent Psychiatry. DOI 10.1016/j.jaac.2015.06.011; PMID 26299294 · 104 ci-
tations

2. Stephanie Sutoko (2020). Atypical Dynamic-Connectivity Recruitment in
Attention-Deficit/Hyperactivity Disorder Children: An Insight Into Task-Based Dy-
namic Connectivity Through an fNIRS Study.. Frontiers in human neuroscience.
DOI 10.3389/fnhum.2020.00003; PMID 32082132 · 39 citations

3. Stephen P Becker (2020). ADHD and sleep: recent advances and future direc-
tions.. Current opinion in psychology. DOI 10.1016/j.copsyc.2019.09.006; PMID
31629217 · 181 citations

4. Stephen P Hinshaw (2018). Attention Deficit Hyperactivity Disorder (ADHD):
Controversy, Developmental Mechanisms, and Multiple Levels of Analysis.. An-
nual review of clinical psychology. DOI 10.1146/annurev-clinpsy-050817-084917;
PMID 29220204 · 240 citations

5. Stephen V Faraone; Anthony L Rostain; Joseph Blader; Betsy Busch; Ann C
Childress; Daniel F Connor; Jeffrey H Newcorn (2019). Practitioner Review:
Emotional dysregulation in attention-deficit/hyperactivity disorder - implications for
clinical recognition and intervention.. Journal of child psychology and psychiatry,
and allied disciplines. DOI 10.1111/jcpp.12899; PMID 29624671 · 403 citations

6. Stephen V Faraone; Henrik Larsson (2019). Genetics of attention deficit hyper-
activity disorder.. Molecular psychiatry. DOI 10.1038/s41380-018-0070-0; PMID
29892054 · 1,346 citations

7. Stephen V Faraone; Timothy Wilens (2003). Does stimulant treatment lead to
substance use disorders?. The Journal of clinical psychiatry. PMID 14529324 · 110
citations

8. Stephen V Faraone; Tobias Banaschewski; David Coghill; Yi Zheng; Joseph
Biederman; Mark A Bellgrove; Jeffrey H Newcorn; Martin Gignac; Nouf M
Al Saud; Iris Manor; Luis Augusto Rohde; Li Yang; Samuele Cortese; Doron
Almagor; Mark A Stein; Turki H Albatti; Haya F Aljoudi; Mohammed M
J Alqahtani; Philip Asherson; Lukoye Atwoli; Sven Bölte; Jan K Buitelaar;
Cleo L Crunelle; David Daley; Søren Dalsgaard; Manfred Döpfner; Stacey Es-
pinet; Michael Fitzgerald; Barbara Franke; Manfred Gerlach; Jan Haavik;
Catharina A Hartman; Cynthia M Hartung; Stephen P Hinshaw; Pieter J
Hoekstra; Chris Hollis; Scott H Kollins; J J Sandra Kooij; Jonna Kuntsi;
Henrik Larsson; Tingyu Li; Jing Liu; Eugene Merzon; Gregory Mattingly;
Paulo Mattos; Suzanne McCarthy; Amori Yee Mikami; Brooke S G Molina;
Joel T Nigg; Diane Purper-Ouakil; Olayinka O Omigbodun; Guilherme V
Polanczyk; Yehuda Pollak; Alison S Poulton; Ravi Philip Rajkumar; Andrew
Reding; Andreas Reif; Katya Rubia; Julia Rucklidge; Marcel Romanos; J An-
toni Ramos-Quiroga; Arnt Schellekens; Anouk Scheres; Renata Schoeman;
Julie B Schweitzer; Henal Shah; Mary V Solanto; Edmund Sonuga-Barke;
César Soutullo; Hans-Christoph Steinhausen; James M Swanson; Anita Tha-
par; Gail Tripp; Geurt van de Glind; Wim van den Brink; Saskia Van der
Oord; AndreVenter; BenedettoVitiello; SusanneWalitza; YufengWang (2021).
The World Federation of ADHD International Consensus Statement: 208 Evidence-
based conclusions about the disorder.. Neuroscience and biobehavioral reviews.
DOI 10.1016/j.neubiorev.2021.01.022; PMID 33549739 · 1,519 citations

9. Stephen V. Faraone; Philip Asherson; Tobias Banaschewski; Joseph Bieder-
man; Jan K. Buitelaar; Josep Antoni Ramos-Quiroga; Luís Augusto Ro-
hde; Edmund Sonuga-Barke; Rosemary Tannock; Barbara Franke (2015).
Attention-deficit/hyperactivity disorder. Nature Reviews Disease Primers. DOI
10.1038/nrdp.2015.20; PMID 27189265 · 1,386 citations

10. Steven E. Petersen; Michael I. Posner (2012). The Attention System of the Hu-
man Brain: 20 Years After. Annual Review of Neuroscience. DOI 10.1146/annurev-
neuro-062111-150525; PMID 22524787 · 3,499 citations

11. Sugaya LS; SalumGA; de SousaGurgelW; deMorais EM;Del Prette G; Pilatti
CD; Dalmaso BB; Leibenluft E; Rohde LA; Polanczyk GV (2022). Efficacy and
safety of methylphenidate and behavioural parent training for children aged 3-5 years

with attention-deficit hyperactivity disorder: a randomised, double-blind, placebo-
controlled, and sham behavioural parent training-controlled trial.. The Lancet. Child
& adolescent health. DOI 10.1016/s2352-4642(22)00279-6; PMID 36306807 · 32
citations

12. Susan M Learned-Coughlin; Mats Bergström; Irina Savitcheva; John Ascher;
Virginia D Schmith; Bengt Långstrom (2003). In vivo activity of bupropion at
the human dopamine transporter as measured by positron emission tomography.. Bi-
ological psychiatry. DOI 10.1016/s0006-3223(02)01834-6; PMID 14550679 · 176
citations

13. Susan Young; Nicoletta Adamo; Bryndís Björk Ásgeirsdóttir; Polly Branney;
Michelle Beckett; William Colley; Sally Cubbin; Quinton Deeley; Emad Far-
rag; Gisli Gudjonsson; Peter Hill; Jack Hollingdale; Ozge Kilic; Tony Lloyd;
Peter Mason; Eleni Paliokosta; Sri Perecherla; Jane Sedgwick; Caroline Skir-
row; Kevin Tierney; Kobus van Rensburg; Emma Woodhouse (2020). Females
with ADHD: An expert consensus statement taking a lifespan approach providing
guidance for the identification and treatment of attention-deficit/ hyperactivity dis-
order in girls and women.. BMC psychiatry. DOI 10.1186/s12888-020-02707-9;
PMID 32787804 · 606 citations

14. Suzannah K Helps (2010). Altered spontaneous low frequency brain ac-
tivity in attention deficit/hyperactivity disorder.. Brain research. DOI
10.1016/j.brainres.2010.01.057; PMID 20117101 · 102 citations

15. Søren Dalsgaard; Anette Primdal Kvist; James F Leckman; Helena Skyt
Nielsen; Marianne Simonsen (2014). Cardiovascular safety of stimulants in
children with attention-deficit/hyperactivity disorder: a nationwide prospective
cohort study.. Journal of child and adolescent psychopharmacology. DOI
10.1089/cap.2014.0020; PMID 24956171 · 120 citations

16. T Spencer; J Biederman; T Wilens; S Faraone; J Prince; K Gerard; R Doyle;
A Parekh; J Kagan; S K Bearman (2001). Efficacy of a mixed amphetamine salts
compound in adults with attention-deficit/hyperactivity disorder.. Archives of gen-
eral psychiatry. DOI 10.1001/archpsyc.58.8.775; PMID 11483144 · 251 citations

17. TamaraMay; Edwina Birch; KarinaChaves; Noel Cranswick; EvelynCulnane;
Jane Delaney; Maddi Derrick; Valsamma Eapen; Chantele Edlington; Daryl
Efron; Tatjana Ewais; Ingrid Garner; Michael Gathercole; Karuppiah Jagad-
heesan; Laura Jobson; John Kramer; Martha Mack; Marie Misso; Cammi
Murrup-Stewart; Evan Savage; Emma Sciberras; Bruce Singh; Renee Testa;
Lisa Vale; Alyssa Weirman; Edward Petch; Katrina Williams; Mark A. Bell-
grove (2023). The Australian evidence-based clinical practice guideline for attention
deficit hyperactivity disorder. Australian and New Zealand Journal of Psychiatry.
DOI 10.1177/00048674231166329; PMID 37254562 · 87 citations

18. Terrie E Moffitt; Renate Houts; Philip Asherson; Daniel W Belsky; David L
Corcoran; Maggie Hammerle; HonaLee Harrington; Sean Hogan; Madeline
HMeier; Guilherme V Polanczyk; Richie Poulton; Sandhya Ramrakha; Karen
Sugden; Benjamin Williams; Luis Augusto Rohde; Avshalom Caspi (2015). Is
Adult ADHD a Childhood-Onset Neurodevelopmental Disorder? Evidence From a
Four-Decade Longitudinal Cohort Study.. The American journal of psychiatry. DOI
10.1176/appi.ajp.2015.14101266; PMID 25998281 · 625 citations

19. Thaïra J C Openneer (2020). A graph theory study of resting-state functional
connectivity in children with Tourette syndrome.. Cortex; a journal devoted to the
study of the nervous system and behavior. DOI 10.1016/j.cortex.2020.01.006; PMID
32062470 · 32 citations

20. Timothy E Wilens; Barbara R Haight; Joseph P Horrigan; James J Hudziak;
Norman E Rosenthal; Daniel F Connor; Kenneth D Hampton; Nathalie
E Richard; Jack G Modell (2005). Bupropion XL in adults with attention-
deficit/hyperactivity disorder: a randomized, placebo-controlled study.. Biological
psychiatry. DOI 10.1016/j.biopsych.2005.01.027; PMID 15820237 · 195 citations

21. Timothy E Wilens; Oscar Bukstein; Matthew Brams; Andrew J Cutler; Ann
Childress; Thomas Rugino; Andrew Lyne; Kara Grannis; Sharon Youcha
(2012). A controlled trial of extended-release guanfacine and psychostimulants for
attention-deficit/hyperactivity disorder.. Journal of the American Academy of Child
and Adolescent Psychiatry. DOI 10.1016/j.jaac.2011.10.012; PMID 22176941 · 115
citations

190



FLOW HIJACKED · ADHD INTO THE TASK

Selected peer-reviewed references · 12/12

1. Timothy E Wilens; Stephen V Faraone; Joseph Biederman; Samantha Gu-
nawardene (2003). Does stimulant therapy of attention-deficit/hyperactivity disor-
der beget later substance abuse? A meta-analytic review of the literature.. Pediatrics.
DOI 10.1542/peds.111.1.179; PMID 12509574 · 875 citations

2. Timothy Wigal; Matthew Brams; Maria Gasior; Joseph Gao; Liza Squires;
John Giblin; 316 Study Group (2010). Randomized, double-blind, placebo-
controlled, crossover study of the efficacy and safety of lisdexamfetamine dimesylate
in adults with attention-deficit/hyperactivity disorder: novel findings using a simu-
lated adult workplace environment design.. Behavioral and brain functions : BBF.
DOI 10.1186/1744-9081-6-34; PMID 20576091 · 138 citations

3. Tognoli E, Kelso JAS (2014). The metastable brain. Neuron. DOI
10.1016/j.neuron.2013.12.022; PMID 24411730 · 739 citations

4. Tomoya Hirota; Shimon Schwartz; Christoph U Correll (2014). Alpha-
2 agonists for attention-deficit/hyperactivity disorder in youth: a systematic re-
view and meta-analysis of monotherapy and add-on trials to stimulant therapy..
Journal of the American Academy of Child and Adolescent Psychiatry. DOI
10.1016/j.jaac.2013.11.009; PMID 24472251 · 158 citations

5. Ty S Schepis; Kennedy S Werner; Olivia Figueroa; Vita V McCabe; John
E Schulenberg; Phil T Veliz; Timothy E Wilens; Sean Esteban McCabe
(2023). Type of medication therapy for ADHD and stimulant misuse during ado-
lescence: a cross-sectional multi-cohort national study.. EClinicalMedicine. DOI
10.1016/j.eclinm.2023.101902; PMID 36969344 · 6 citations

6. Vinod Menon; Lucina Q. Uddin (2010). Saliency, switching, attention and con-
trol: a network model of insula function. Brain Structure and Function. DOI
10.1007/s00429-010-0262-0; PMID 20512370 · 5,767 citations

7. Vinod Rao; Sylvia Lanni; Amy M Yule; Sean E McCabe; Philip T Veliz; Ty
S Schepis; Timothy E Wilens (2025). Telehealth Prescribing of Stimulants for
ADHD and Associated Risk for Later Stimulant and Substance Use Disorders.. The
American journal of psychiatry. DOI 10.1176/appi.ajp.20240346; PMID 40495525
· 6 citations

8. Virginio Salvi; Enrico Ribuoli; Michele Servasi; Laura Orsolini; Umberto
Volpe (2021). ADHD and Bipolar Disorder in Adulthood: Clinical and Treatment
Implications.. Medicina (Kaunas, Lithuania). DOI 10.3390/medicina57050466;
PMID 34068605 · 67 citations

9. Weidong Cai (2018). Aberrant Time-Varying Cross-Network Interactions in Chil-
dren With Attention-Deficit/Hyperactivity Disorder and the Relation to Attention
Deficits.. Biological psychiatry. Cognitive neuroscience and neuroimaging. DOI
10.1016/j.bpsc.2017.10.005; PMID 29486868 · 89 citations

10. Weidong Cai (2021). Latent brain state dynamics distinguish behavioral vari-
ability, impaired decision-making, and inattention.. Molecular psychiatry. DOI
10.1038/s41380-021-01022-3; PMID 33589738 · 49 citations

11. Weidong Cai (2023). Bayesian dynamical system analysis of the effects of
methylphenidate in children with attention-deficit/hyperactivity disorder: a ran-
domized trial.. Neuropsychopharmacology : official publication of the American
College of Neuropsychopharmacology. DOI 10.1038/s41386-023-01668-3; PMID
37491674 · 11 citations

12. Weiyan Yin (2022). Altered neural flexibility in children with attention-
deficit/hyperactivity disorder.. Molecular psychiatry. DOI 10.1038/s41380-022-
01706-4; PMID 35869272 · 35 citations

13. Westwood SJ; Aggensteiner PM; Kaiser A; Nagy P; Donno F; Merkl D; Balia
C; Goujon A; Bousquet E; Capodiferro AM; Derks L; Purper-Ouakil D;
Carucci S; Holtmann M; Brandeis D; Cortese S; Sonuga-Barke EJS; Euro-
pean ADHD Guidelines Group (EAGG) (2025). Neurofeedback for Attention-
Deficit/Hyperactivity Disorder: A Systematic Review and Meta-Analysis.. JAMA
psychiatry. DOI 10.1001/jamapsychiatry.2024.3702; PMID 39661381 · 42 citations

14. Westwood SJ; Parlatini V; Rubia K; Cortese S; Sonuga-Barke EJS; European
ADHD Guidelines Group (EAGG) (2023). Computerized cognitive training in
attention-deficit/hyperactivity disorder (ADHD): a meta-analysis of randomized con-
trolled trials with blinded and objective outcomes.. Molecular psychiatry. DOI
10.1038/s41380-023-02000-7; PMID 36977764 · 88 citations

15. William O Cooper; Laurel A Habel; Colin M Sox; K Arnold Chan; Patrick
G Arbogast; T Craig Cheetham; Katherine T Murray; Virginia P Quinn; C

Michael Stein; S Todd Callahan; Bruce H Fireman; Frank A Fish; Howard S
Kirshner; Anne O’Duffy; Frederick A Connell; Wayne A Ray (2011). ADHD
drugs and serious cardiovascular events in children and young adults.. The New Eng-
land journal of medicine. DOI 10.1056/nejmoa1110212; PMID 22043968 · 409
citations

16. WilliamW. Seeley; VinodMenon; Alan F. Schatzberg; Jennifer Keller; Gary H.
Glover; HeatherA.Kenna; Allan L. Reiss; Michael D.Greicius (2007). Dissocia-
ble Intrinsic Connectivity Networks for Salience Processing and Executive Control.
Journal of Neuroscience. DOI 10.1523/jneurosci.5587-06.2007; PMID 17329432 ·
7,645 citations

17. Xiaohua Cao (2009). Abnormal resting-state functional connectivity patterns of
the putamen in medication-naïve children with attention deficit hyperactivity disor-
der.. Brain research. DOI 10.1016/j.brainres.2009.08.029; PMID 19699190 · 205
citations

18. Xiaoyu Xu; Zhao Fu; Haoshu Xu; Kangfuxi Zhang; Jing Cong; Hang Yang;
Yang Li; Yilu Zhao; Xiangyu Zheng; Arielle S. Keller; Ting Xu; Runsen
Chen; Weidong Cai; Qingjiu Cao; Li Yang; Zaixu Cui (2026). Developmen-
tal deviations of association-network structural connectivity in youths with ADHD
predict symptom and treatment outcomes. Nature Biomedical Engineering. DOI
10.1038/s41551-026-01779-4; PMID 42675180 · 0 citations

19. Y-S Ding; M Naganawa; J-D Gallezot; N Nabulsi; S-F Lin; J Ropchan; D
Weinzimmer; T J McCarthy; R E Carson; Y Huang; M Laruelle (2014). Clin-
ical doses of atomoxetine significantly occupy both norepinephrine and serotonin
transports: Implications on treatment of depression and ADHD.. NeuroImage. DOI
10.1016/j.neuroimage.2013.08.001; PMID 23933039 · 96 citations

20. Yan W, Demiral SB, Tomasi D, Zhang R, Manza P, Wang GJ, Volkow ND
(2025). Methylphenidate Promotes a Frontoparietal-Dominant Brain State Improv-
ing Cognitive Performance: A Randomized Trial. The Journal of Neuroscience.
DOI 10.1523/jneurosci.1693-24.2025; PMID 40101961 · 4 citations

21. Yingxue Gao (2019). Impairments of large-scale functional networks in attention-
deficit/hyperactivity disorder: a meta-analysis of resting-state functional connectiv-
ity.. Psychological medicine. DOI 10.1017/s003329171900237x; PMID 31500674
· 184 citations

22. Yoshifumi Mizuno (2022). Methylphenidate remediates aberrant brain network
dynamics in children with attention-deficit/hyperactivity disorder: A randomized
controlled trial.. NeuroImage. DOI 10.1016/j.neuroimage.2022.119332; PMID
35640787 · 35 citations

23. Young S; Emilsson B; Sigurdsson JF; KhondokerM; Philipp-Wiegmann F; Bal-
durssonG;OlafsdottirH;GudjonssonG (2017). A randomized controlled trial re-
porting functional outcomes of cognitive-behavioural therapy in medication-treated
adults with ADHD and comorbid psychopathology.. European archives of psychia-
try and clinical neuroscience. DOI 10.1007/s00406-016-0735-0; PMID 27752827 ·
60 citations

24. Young S; Khondoker M; Emilsson B; Sigurdsson JF; Philipp-Wiegmann F;
Baldursson G; Olafsdottir H; Gudjonsson G (2015). Cognitive-behavioural ther-
apy in medication-treated adults with attention-deficit/hyperactivity disorder and co-
morbid psychopathology: a randomized controlled trial using multi-level analysis..
Psychological medicine. DOI 10.1017/s0033291715000756; PMID 26022103 · 74
citations

25. Zeyan Liew; Marianthi-Anna Kioumourtzoglou; Andrea L Roberts; Éilis J
O’Reilly; Alberto Ascherio; Marc G Weisskopf (2019). Use of Negative Con-
trol Exposure Analysis to Evaluate Confounding: An Example of Acetaminophen
Exposure and Attention-Deficit/Hyperactivity Disorder in Nurses’ Health Study II..
American journal of epidemiology. DOI 10.1093/aje/kwy288; PMID 30923825 · 53
citations

26. Zheng Chang (2014). Stimulant ADHD medication and risk for substance abuse.
Journal of Child Psychology and Psychiatry. DOI 10.1111/jcpp.12164; PMID
25158998 · 220 citations

27. Zheng Chang; Patrick DQuinn; LaurenO’Reilly; Arvid Sjölander; KwanHur;
Robert Gibbons; Henrik Larsson; Brian M D’Onofrio (2020). Medication for
Attention-Deficit/Hyperactivity Disorder and Risk for Suicide Attempts.. Biological
psychiatry. DOI 10.1016/j.biopsych.2019.12.003; PMID 31987492 · 56 citations

191



FLOW HIJACKED · ADHD INTO THE TASK

Figure methods, source policy and accessibility
All diagrams in this lecture are original explanatory reconstructions. They do not reproduce copyrighted scientific figures and they do not present simulated
curves as measured ADHD data. Network nodes are conceptual labels; line placement does not encode anatomical distance or a quantified edge unless
the caption explicitly says so.
The evidence substrate contains 531 deduplicated peer-reviewed records. The 281 references printed here comprise the 266-paper impact-and-notability-
gated core plus 15 explicitly labeled records outside that core: 13 citation-lag frontier papers and two direct-citation-integrity exceptions. The companion
workbook retains the complete acquisition metadata, contradiction ledger, and treatment matrices. Citation counts are an OpenAlex snapshot dated 8
September 2026 where available and are used only to identify influence.
Color never carries evidence status alone. Every box is labeled in words. Reading order, extractable text, embedded fonts, table headers, mathematical
direction, and contrast are checked in both editions. The Hebrew book mirrors layout hierarchy but never mirrors equations, time axes, matrices, chemical
notation, or brain laterality.
The diagrams and equations are educational abstractions. Nothing in a state-space figure identifies an individual person’s brain state, prognosis, diagnosis,
or treatment response.
The production audit distinguishes textual fullness from decorative occupancy. Ordinary explanatory pages are allowed to break naturally and are inspected
for orphaned headings, short end-of-part remnants, clipped boxes, and unexplained blank regions. Full-page part dividers remain intentionally sparse
because they perform navigation, while matrices retain their compact geometry to protect row alignment. Mathematical pages are evaluated both for
visual balance and for dimensional, inferential, and falsification discipline; additional notation is included only when its empirical mapping can be stated.
Every scientific statement is routed through a claim role. Primary empirical results retain population, design, comparator, measurement, and time scale.
Authors’ interpretations are not silently promoted to findings. Cross-study synthesis records heterogeneity and serious null results. Flow Hijacked
interpretations are marked as supported, plausible, hypothetical, or open. The original Task-State Viability Envelope and non-normality proposal therefore
remain separable from established ADHD neuroscience and can be revised without changing the underlying evidence record.
The bilingual audit is semantic rather than mechanical. English and Hebrew preserve the same claims, equations, uncertainty, safety boundaries, and
source roles while permitting native syntax and different line lengths. Bidirectional text is tested around acronyms, receptor labels, DOI and PMID strings,
equations, punctuation, and numbered lists. Page-for-page identity is not required; evidential identity is. If one language requires more words to preserve
a qualification, pagination yields to the qualification.
The update protocol is date-bounded. New studies enter first as frontier evidence, are checked against the deduplicated corpus, and are promoted only
after their design and relevance are assessed. Citation corrections, retractions, guideline changes, and failed replications trigger claim-level review rather
than automatic addition. Figures are regenerated from the revised conceptual specification, and both PDFs are rendered page by page before release. This
makes the lecture an auditable scientific edition rather than a static collection of persuasive slides.
Accessibility is treated as part of scientific precision. Color is redundant with labels; diagrams have explicit reading order and captions; mathematical
symbols are introduced in prose; clinical language avoids blame and deterministic prediction; and treatment discussion never substitutes a population
estimate for individualized medical care. These constraints make the material usable without weakening its uncertainty.
Release requires three independent gates. The scientific gate checks that every central claim has an appropriate source class, that highly influential work is
not confused with highly reliable work, and that recent evidence has been used to support, qualify, replace, or contest the canonical account. The bilingual
gate compares section purposes, evidence status, mathematical commitments, clinical cautions, and conclusions across editions. The visual gate renders
every page and inspects density, hierarchy, line endings, table integrity, figure labels, bidirectional text, clipping, and contrast at ordinary reading scale.
Automated checks supplement rather than replace inspection. They count pages and evidence records, verify expected section and equation markers,
search for unresolved production tokens, inspect embedded fonts and extractable text, and flag pages whose content bounding boxes end unusually early.
A low-density alert is then classified: an intentional divider, a protected table, a figure-led explanation, or a genuine prose defect. Genuine defects are
corrected through substantive exposition or reflow and the entire paired build is rerun.
The final artifact also preserves limits that a live speaker can easily lose. Acute and chronic treatment effects remain separate; child and adult findings
are not merged; neural correlates are not diagnostic tests; symptom benefit is not complete recovery; and a mathematical analogy is not an empirical
mechanism. Those boundaries are repeated because scientific communication fails most often at the transition from a qualified source to an elegant
spoken sentence. The methods page records the constraints under which that sentence may be used.
Reproducibility is versioned at the level of inputs and decisions. The build records the dated evidence export, architecture, bilingual manuscripts, matrices,
equation register, and rendering rules. A later edition should be able to identify which record entered or left the corpus, which claim changed status, and
which page changed as a result. Silent replacement would defeat the contradiction ledger. The same discipline applies to visual reconstruction: data-
bearing charts require traceable values and units, while conceptual diagrams are labeled as conceptual and never styled to resemble a measured group
effect.
This provenance also governs reuse. A slide, handout, site excerpt, or spoken segment inherits the evidence boundary of the parent passage. Removing a
qualification for space requires rewriting the claim, not merely deleting the caution. The durable unit is therefore the claim plus source role, population,
time scale, uncertainty, and visual status. That bundle is what allows a long lecture to become shorter assets without becoming less true.
Before release, links and identifiers are sampled back to the source record, page labels are regenerated after pagination changes, and the English and
Hebrew closing claims are compared once more in extracted text. The artifact is complete only when scientific, linguistic, mathematical, and visual
checks all refer to the same build.

CORE SENTENCE

Precision includes saying what a figure does not show.
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ATTENTION IS NOT ABSENT.
ITS ALLOCATION, STABILITY, RECOVERY
AND RELEASE CAN BE UNRELIABLE.

The aim is not permanent focus. It is greater freedom to enter, remain, return, and leave when life requires it.
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