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Abstract
Objectives The purpose of this theoretical analysis of current research on ADHD is to provide an account integrating execu-
tive functional profiles with its broader structural neurodevelopmental profile.
Methods Comparative theoretical analyses between executive functional deficit disorder models of ADHD and results from 
default mode network fMRI data. This was followed by an analysis of the temporal profile of ADHD and phase synchronous 
neural assemblies.
Results Comparative analyses suggest disparities within executive functional deficit disorder models and discontinuities 
between executive functional and structural profiles of ADHD. Analysis of the temporal signature of ADHD provides a 
potential avenue for integrating different profiles by means of anchoring executive functions within inherent diachronic 
neurocognitive organization.
Conclusions The analyses provided suggest that executive functional deficits in ADHD arise from much broader idiosyncra-
sies, rooted within the inherent diachronic organization of neurocognitive function, and whose challenges must be understood 
in conjunction with socio cultural environmental factors.
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ADHD is among the most common neurobehavioral disor-
ders in the world (Remschmidt, 2005). The current psychi-
atric profile of ADHD has been recognized for well over 
50 years and has remained stable in terms of diagnostic cri-
teria and prevalence for the last three decades (Polanczyk 
et al., 2014; Swanson et al., 1998; see also Amaral, 2007, 
p. 1612; Barkley, 2015a; Barkley & Peters, 2012). Yet for 
all that, our dominant account of ADHD is in tension with 
findings from recent neuroimaging studies.

Most accounts conceptualize ADHD as an executive 
function deficit disorder (Barkley, 2015c). Accordingly, we 
should understand ADHD in terms of deficits in executive 
functioning. This view of the explanatory basis of ADHD 
has since met with challenges from neuropsychological stud-
ies (Willcutt, 2015) and findings from resting-state neuroim-
aging research (Castellanos & Proal, 2012). Most saliently, 
this shows that there is a discontinuity between the executive 

functional profile of ADHD and its performance-independ-
ent neural basis as shown by resting-state activity.

A more general criticism has been raised against the 
application of medical model approaches to neurodevelop-
mental conditions including ADHD (Bertilsdotter Rosqvist 
et al., 2020). Medical model approaches interpret norma-
tive divergencies in terms of internally pathological deficits. 
Alternatives instead appeal to the responsibility of institu-
tions in producing or preventing challenges for people with 
neurodevelopmental conditions. Despite the deliberately 
neurological focus of this paper, an implication will be 
precisely that the pathological status of ADHD cannot be 
attributed to individual brain function but must be outlined 
in terms of broader socio-cultural interactions. Indeed, it will 
be shown that conceptualizing ADHD in terms of executive 
function deficits is inadequate—even from a neurological 
perspective. But neither is the intention to rule out a role 
for executive functioning in characterizing a neurological 
component of ADHD. The error is not the recognition of a 
neural component but mistaking this for a full picture.

The goal of this paper is to remedy the discontinu-
ity between ADHD as understood through its executive 
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functional profile and its general neural profile. In other 
words, it seeks to understand executive function deficits in 
ADHD as just one expression of a less straightforwardly 
pathological phenomenon. It therefore seeks to integrate the 
manifestation of the executive functions with the inherent 
temporal structure of the brain. This will serve to provide a 
theoretical basis for understanding ADHD in its executive 
functional aspect without reducing the whole of ADHD to 
explicit manifestations of behavioral deficit. A downstream 
result will be both a deeper understanding of ADHD and of 
executive function. It will be argued that what can be meas-
ured as executive function deficits in ADHD arises from a 
heightened connectivity in the inherent temporal organiza-
tion of brain. This heightened connectivity does, however, 
not warrant talk of any straightforward intrapersonal func-
tional deficit. In other words, the neural basis of ADHD is 
not sufficient for pathology or deficit. This is by no means to 
render challenges for individuals with ADHD inconsequen-
tial. Rather, talk of deficit and pathology in ADHD must 
take account of the mismatches occurring in situations con-
stituted across individuals and their socio-cultural context.

The Executive Function Deficit Disorder 
Model of ADHD

ADHD is a universal condition whose prevalence in all 
measured populations vary between an average 5–7% in chil-
dren and 3–5% in adults with geographical variation likely 
resulting from methodological differences (Polanczyk et al., 
2007). It ranges among the most common and most studied 
neurodevelopmental disorders in children, adolescents, and 
adults alike (Barkley, 2015a). The main characteristics of 
ADHD are persistent and maturationally inconsistent pat-
terns of inattention and/or hyperactivity disruptive of social 
and vocational activities (American Psychiatric Associa-
tion, 2013, p. 59). In accordance with these characteristics, 
ADHD has been correlated with a wide array of personal, 
social, academic, and occupational problems across all age 
groups (Aduen et al., 2018; see also Barkley, 2015b; Bern-
fort et al., 2008; Brandt & Fischer, 2017; Loe & Feldman, 
2007).

ADHD as an Executive Function Deficit Disorder

Despite a vast body of research, the delineation of a neural 
basis for ADHD is beset by several difficulties. The condi-
tion is at once resistant to classification by a single persistent 
characteristic and by multiple subtypes. The former because 
individual presentations of ADHD are highly heterogenous 
(Wåhlstedt et al., 2009). The latter because the predominat-
ing presentation may change over time. This is one reason 
for why the use of ADHD “subtypes” has been abandoned 

for the term “predominant presentation” (Roberts et al., 
2015). Indeed, presentations change both with maturation 
and with mature development. It may even change depend-
ing on the time of day (Roberts et al., 2015). Furthermore, 
individuals with ADHD exhibit a near ubiquitous comorbid-
ity, with over 80% of children, adolescents, and adults with 
ADHD also meeting criteria for other disorders (Pliszka, 
2015). It is therefore not surprising to see some researchers 
argue that ADHD should be understood as a multiple defi-
cit disorder encompassing several (individually insufficient) 
deficits (Willcutt, 2015). Nonetheless, one overarching class 
of deficit has become a focal point for research.

Executive function deficit has been correlated with 
ADHD by a wide range of research (Biederman et al., 2004). 
This includes psychometric tests (Willcutt, 2015, p. 393), 
rating scales (Solanto, 2015), and lesional data (Barkley, 
2015c, p. 406; Fuster, 2015, p. 202), as well as correla-
tions between executive function and the diagnostic crite-
ria of ADHD (Barkley, 2015c, p. 408). The culmination is 
that “executive dysfunction has in recent years come to be 
regarded by many in the field as a defining characteristic 
of ADHD in both children and adults” (Solanto, 2015, p. 
256). As a result, executive function deficit is seen as both 
central to ADHD and to be the root cause of its behavioral 
manifestation. As articulated here,

[t]heorists and clinical scientists have long speculated 
that problems with EF [executive function], or the 
cross-temporal organization of behavior specifically 
and self-regulation more generally, are at the heart of 
this disorder [ADHD] and give rise to the more super-
ficial and surface symptoms represented in clinical 
diagnostic criteria. (Barkley, 2015c, p. 406)

In short, the prevailing literature has come to understand 
ADHD as an executive function deficit disorder (henceforth 
EFDD). This EFDD model for ADHD suggests that research 
and treatment should focus on executive function. So, what 
is executive function?

As befits a neural basis for as heterogenous a condition 
as ADHD, executive function is a meta-construct encom-
passing several different mental abilities (Gilbert & Burgess, 
2008). Precisely how the abilities or constructs specified by 
executive function are distinguished varies widely from one 
account to the next. Indeed, this is itself a known source of 
trouble (see Barkley, 2012, pp. 17–22). Nonetheless, execu-
tive functions are consistently defined in terms of mental 
abilities needed to sustain problem-solving towards a goal 
(Barkley, 2015c). Specifically, executive function underlies 
deliberate actions over short or long intervals, coordina-
tion, and social interaction. As will be seen in “Resting-
State Imaging Data,” it is especially closely correlated with 
temporal awareness. On most accounts, executive function 
is understood in terms of a set of abilities or “mental tools” 
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employed for sustained and adaptive problem-solving (Bar-
kley, 2015c, p. 410; see also Barkley, 2012; Willcutt, 2015, 
p. 392).

The EFDD model of ADHD understands executive func-
tion deficits as constituting the neurocognitive basis from 
which arise the many heterogeneous challenges that make 
up its diagnostic criteria (Barkley, 2012, 2015c). Impacts 
to functioning cascades across several levels of functional 
integration from developmental self-regulation of behavior 
and time management to long-term planning and social skill. 
All challenges may be traced back to a dysfunction of the 
mental tools of executive function. Accordingly, when we 
understand ADHD as a disorder of executive function—and 
we understand executive function as a set of mental abilities 
for problem-solving—ADHD is constituted by deficits in our 
mental problem-solving abilities.

Thus far, it should be clear that ADHD is both a widely 
heterogeneous disorder, and that it is reliably correlated with 
executive function. A different matter, however, is whether 
these kinds of executive functional problem-solving mental 
abilities are exhaustive of the neurocognitive component 
of ADHD (Castellanos et al., 2006). As well-grounded as 
this conception is, there is also well-grounded reasons for 
remaining doubtful as to whether the EFDD model ade-
quately captures the neurocognitive basis of ADHD.

Resting‑State Imaging Data

The executive function-based view of ADHD has met with 
some issues from neuroimaging studies. Recent develop-
ments within neuroimaging and ADHD research have pro-
vided two new insights about the neural basis of ADHD. 
Firstly, the neural substrate of ADHD is not restricted to 
networks and regions tied to executive functioning, such as 
the prefrontal and striatal networks (Castellanos & Proal, 
2012). Secondly, the manifestation of ADHD in executive 
function deficits likely constitute only the tip of the iceberg 
that comprises the intrinsic neural substrate of ADHD (Cas-
tellanos & Aoki, 2016).

Resting-state functional magnetic resonance imaging (or 
R-fMRI) allows for the measurement of neural connectivity 
patterns outside of functional task performance. The idea 
is that R-fMRI accordingly provides a functional map of 
intrinsic connectivity patterns between different regions 
of the brain because the elucidated activity and intercon-
nection is independent of the subject performing executive 
functional tasks. Such measurements have indicated that 
ADHD involves neural networks well beyond those corre-
lated with executive functioning (Castellanos & Proal, 2012; 
Proal et al., 2011)—prompting calls for the development of 
a broader neurocognitive profile. ADHD pertains to neural 
phenomena more subtle and pervasive than those specified 

by executive function deficits. Some of the authors’ intro-
ductory remarks are highly relevant here.

Prefrontal striatal circuits underpin executive func-
tion, and dysfunction in such processes has long been 
considered an important neuropsychological correlate 
of ADHD. This model has been largely supported by 
an ever-increasing number of structural and func-
tional imaging studies, but divergent evidence such as 
the involvement of occipital or temporal cortex has 
tended to be ignored because of the initially reason-
able assumption that unexpected results probably rep-
resent false positives. However, accumulating evidence 
suggests that the prefrontal-striatal model of ADHD 
should be extended to include other circuits and their 
interrelationships from the perspectives of systems 
neuroscience. We suggest that formulation of a more 
inclusive brain model of ADHD is facilitated by the 
new paradigm of resting-state functional magnetic 
resonance imaging (R-fMRI), which is increasingly 
revealing the intrinsic functional architecture of the 
brain. (Castellanos & Proal, 2012, p. 17).

In addition to executive function deficits, this research 
indicates dysregulated or aberrant interactions within and 
among large-scale neural systems as the neural basis of 
ADHD (Castellanos & Proal, 2012, p. 18). This neural basis 
is neither exhausted nor specified by its manifestation in 
executive function deficits. Instead, they seem to correlate 
ADHD with disruptive large-scale network connectivity in 
children and adolescents (Castellanos & Aoki, 2016; see also 
Bos et al., 2017; dos Santos et al., 2014; Qian et al., 2019). 
The indication is that the neural basis of ADHD does not 
pertain to localized or functionally specified neural areas, 
but to pervasive and structural principles of large-scale brain 
function. This will be unpacked in greater detail in the devel-
opment of a positive account of the neural basis of ADHD. 
For present purposes, the point to be shown here and in the 
remainder of the section is that the EFDD model is under 
increasing pressure from accumulating neuroscientific evi-
dence and from further difficulties to be outlined shortly.

These findings from R-fMRI research pose a rather seri-
ous challenge to EFDD models of ADHD both in terms of 
its neural topology and functional basis. In terms of neural 
topology, the structural basis of the condition exceeds the 
neural regions underlying executive function. And in terms 
of its functional basis, the intrinsic functional connectivity 
described by resting-state imaging is not accounted for by its 
manifestation in executive function deficits. If this is right, 
then the EFDD model likely constitutes an oversimplifica-
tion of the neural profile of ADHD both in terms of struc-
ture and function. At this point, it might be objected that 
the purpose of a model was never to provide an exhaustive 
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description, and that simplification by no means must prove 
pernicious for either theory or practice.

Theoretical and Practical Implications

The conceptualization of ADHD in terms of executive 
function deficits has implications both for understanding 
and treatment. In the first instance, as the R-fMRI research 
shows, executive function deficits describe only part of the 
neural basis of ADHD. This has already been a source of 
discordance between interpretations of ADHD based on 
respectively psychometric tests and rating scales of execu-
tive function. The theoretical issues here are twofold. Firstly, 
different types of executive function measurements are 
inconsistent. Secondly, either measurement presuppose an 
executive functional basis. I will outline each in turn.

Methods for measuring the interrelation of ADHD and 
executive function include normed rating scales of execu-
tive function and neuropsychological tests. Psychometric 
tests consist of measurements of executive functional perfor-
mances within a laboratory setting while rating scales consist 
of self-ratings of executive function specifically developed 
for the assessment of ADHD (Solanto, 2015). However, psy-
chometric tests and rating scales of executive function show 
little correlation with each other and significant incongruity 
on key issues concerning the relation of ADHD and executive 
functional deficits (Toplak et al., 2013). In particular, rating 
scales demonstrate a consistent correlation between ADHD 
and executive function deficits (Barkley, 2015c) whereas psy-
chometric tests demonstrate some but no consistent correla-
tion (Willcutt et al., 2005; see also Willcutt, 2015). As such, 
results from psychometric tests and rating scales dissent on 
the issue of whether executive function deficit is a necessary 
feature of ADHD. EFDD proponents contend that the dispar-
ity between tests and ratings simply reflects shortcomings 
of psychometric tests of executive functions in relating to 
the real circumstances of individuals with ADHD (Barkley, 
2012, pp. 9–13; see also Barkley & Murphy, 2011; Solanto, 
2015; Weyandt & Gudmundsdottir, 2015). Another perceived 
fault of psychometric tests is that by denying the necessary 
connection between ADHD and executive function deficits, 
these tests seem to contradict their own basis as measures of 
executive function (Barkley, 2015c).

This latter criticism raises the following concern. Both 
methods focus exclusively on executive functioning. What 
they do not measure is whether or not executive function 
deficits themselves constitute the only determining factor. 
That is, psychometric tests and rating scales do not so much 
prove that executive function deficits are a decisive factor 
in ADHD as they simply presuppose it. On the one hand, 
this makes psychometric tests and rating scales of executive 
functioning excellent for purposes of measuring and iden-
tifying which executive function deficits may be correlated 

with ADHD. But on the other, it simultaneously renders 
such measurements effectively mute on the question of 
whether executive function deficit is the only decisive factor.

Concerning the practical consequences of the EFDD 
model of ADHD, recent accounts have argued that the appli-
cation of medical models to neurodevelopmental disorders 
such as ADHD and autism spectrum disorder generate a 
harmfully misunderstood view of these conditions (Rosqvist 
et al., 2020). Medical models identify conditions by empha-
sizing functional defects in terms of individual and internally 
localized deficits. Given its identification of ADHD solely in 
terms of its manifestation of behavioral deficits, the EFDD 
constitute a clear-cut medical model approach to ADHD. 
However, the diagnostic criteria of ADHD are inextricably 
tied to manifestations within vocational, educations, and 
social institutions: challenges for individuals with ADHD 
occur in relation to contextual interactions with normative 
institutions adapted to the needs of neurotypical individuals 
(Boorse, 2009). This irreducibly social aspect of neurode-
velopmental disorders like ADHD calls for more research 
dedicated to the extrapersonal and interactive aspects of 
ADHD. But neither is it to disparage any investigation of 
the role of neural executive functional capacities as compo-
nents of cognition.

What makes this particular application of the medical 
model all the more striking is that an exclusive EFDD model 
is not supported by the neuroscience either. Not only is the 
whole condition reduced to the individual neural manifesta-
tion; but this component of neural manifestation is, in turn, 
equated with performative deficit. This creates a potentially 
pernicious view of challenges in ADHD as arising internally 
within neurocognitive mechanisms in the individual. In one 
stroke, the relational mismatch between the non-neurotypi-
cal individual and a neurotypical socio-institutional context 
is asymmetrically attributed as a deficit of the individual—
who’s very atypicality is then subsequently profiled as just 
this reductive aspect of (executive) functional deficit. But 
this resulting picture (of individuals suffering from straight-
forward brain-deficits) misrepresents both the condition of 
ADHD and its neural component.

Executive Function and Temporal Awareness

ADHD is defined as a dimensional disorder (Roberts et al., 
2015). This means that diagnostic criteria characterizing 
ADHD (such as inattention and impulsivity) are also com-
mon within healthy populations. Problems like struggling 
with attention can be perfectly normal but produce impair-
ment at high levels of frequency and severity—indeed, being 
overly fixated can itself become a problem. Some authors 
even suggest that ADHD and autism spectrum disorder may 
reflect inverse disproportionalities in neural responses to 
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unexpected stimuli (Gonzales-Gadea et al., 2015). In accord-
ance with the large-scale patterns from resting-state imag-
ing presented in “Theoretical and Practical Implications,” 
the dimensional character of ADHD suggests that its basis 
is not some functional breakdown, but rather a dispropor-
tional or excessive configuration of functions which exist in 
normal populations as well. In this regard, what constitutes 
disproportionality or potentially harmful excess is contin-
gent upon situational context. That is, executive functional 
impacts in individuals with ADHD may be less a matter 
of dysfunction and more of idiosyncratic functioning. This 
section will explore one potential avenue for understanding 
executive function by way of a pervasive function: namely 
temporal awareness.

Temporal Awareness, Executive Function, and ADHD

Neuroimaging and behavioral research alike have correlated 
ADHD with specific deficits in temporal processing (Smith 
et al., 2002). Individuals with ADHD register impaired per-
formance on psychometric tests across all measured tem-
poral scales. These are generally distinguished into three 
timescales of increasing duration: the timing of actions, the 
ability to perceive time, and capacity for long-term planning 
(Rubia, 2006). ADHD affects executive functional temporal 
processing across all measured parameters (Rubia, 2006, p. 
228). One review of time deficits in ADHD remarks on this 
special relation as follows.

The most prominent deficits in executive functions 
in ADHD are in tasks of motor response inhibition, 
working memory and sustained attention. However, 
there is also consistent evidence that ADHD patients 
have cognitive deficits in the timing domain, includ-
ing impairments in motor timing, time perception and 
temporal foresight. Furthermore, there is emerging 
evidence that ADHD patients have abnormalities in 
the underlying neurofunctional networks that mediate 
these timing functions, (Noreika et al., 2013, p. 237)

The review quoted here goes on to suggest that “tim-
ing impairments are integral to ADHD, demonstrating that 
ADHD is at least in part a disorder of abnormal temporal 
processing” (Noreika et al., 2013, p. 261).

Additionally, this interrelation pertains in no lesser 
degree to research explicitly focused on executive function. 
Temporal processing is indispensable to executive func-
tion (Noreika et al., 2013, p. 236). Indeed, advocates of 
the EFDD model have described executive function itself 
as a temporal capacity, describing ADHD in corresponding 
terms of time blindness.

[ADHD] is also a disorder of time management spe-
cifically, in that the individual manifests an inability to 

regulate his or her behavior relative to time and future 
welfare, as well as that of others at his or her develop-
mental level. This creates a sort of temporal myopia, 
or time blindness, in which the individual responds to 
or prepares only for events that are relatively immi-
nent, not the ones that lie further ahead in time and 
for which others of their age are preparing so as to 
be ready for their eventual arrival. (Barkley, 2015c, 
p. 422).

Executive functions constitute the ability to inhibit and 
control behavior over longer timespans. This allows us to 
anticipate sequences of events of larger timescales. In other 
words, executive functions increase our temporal scope, and 
reciprocally, this temporal capacity determines our ability 
for deliberate executive self-control. A cognitive system’s 
executive function and its temporal capacity are therefore 
doubly correlated: the increase in one is correlated with an 
increase in the other; and a decrease in one is correlated with 
a decrease in the other. Executive functions are intertwined 
with the awareness of time unfolding over short or long peri-
ods of time. But how should we characterize this relation?

The Detachment Model of Temporal Awareness

One common way is to conceptualize temporal awareness 
as itself an executive function. Cognitive science often con-
ceptualizes temporal awareness as an executive functional 
“mental tool” for detachment from our current “sensorimo-
tor reality” (Pezzulo, 2008). I will call this view the detach-
ment view of temporal awareness because it views temporal 
awareness as being correlated with a capacity for detachment 
from present input.

On the detachment view of temporal awareness, tempo-
rally extended capacities constitute a set of mental tools—
a special cognitive faculty. By special faculty I mean that 
temporal awareness is here viewed as functionally distinct 
from other neurocognitive functions. In contrast to per-
ceptual engagement with our surroundings, our temporal 
capacities are then characterized by the ability to dis-
engage from perception and representationally attend to 
non-present points in time. Whereas some implicit antici-
pation may be sufficient for immediate perceptual coordi-
nation, autonomous and higher cognitive capacities, it is 
argued, require a perceptually detached form of anticipa-
tory coordination. In these cases, anticipatory coordina-
tion combines disengagement from the here-and-now with 
representational extrapolations forward and backward in 
time (Pezzulo, 2008, p. 207). Our temporal awareness is 
accordingly constituted by the ability to detach from cur-
rent input and represent past and future states. Indeed, 
organisms’ capacities for representing larger and larger 
spans of time—and corresponding detachment from 
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present sensory input—are in this way often taken to con-
stitute the mark of cognitive sophistication par excellence 
(see, for instance, Corcoran et al., 2020). This view cre-
ates a disjunction between perceptually detached temporal 
capacities, exemplified by executive function, and direct 
perceptual processes.

Parceling neurocognitive function into executive and pre-
executive function is theoretically productive—for better and 
for worse. On the one hand, it allows us to clearly deline-
ate between sophisticated cognitive processes and reflexive 
functions. As such, research on executive function carefully 
distinguishes between executive and “pre-executive” func-
tions. One such example from an advocate of the EFDD 
model reads:

[Pre-Executive level] brain functions are responsi-
ble for the stimulus–response, moment-to-moment, 
and largely unconscious or automatic activities of the 
organism as it goes about sustaining its life in its natu-
ral habitat. This level can be fruitfully regarded as the 
“automatic” level of human activity often described in 
models of self-regulation. (Barkley, 2012, p. 76)

Compared with the representational detachment model 
of temporal awareness:

anticipatory capabilities [beyond the immediately per-
ceptible world] are considered by cognitive scientists a 
presupposition for autonomous mental life, since they 
permit to cognitive agents to disengage from their sen-
sorimotor loops and to conceive and pursue their goals. 
(Pezzulo, 2008, p. 214, italics in original).

Both accounts introduce a separation between, one the 
one hand, functions that are direct and automatic and, on 
the other hand, functions that are indirect and deliberate. 
While this kind of delineation is often helpful, it also risks 
obfuscating the continuity between each type of function. 
In particular, it makes it hard to see how temporally indi-
rect and deliberate executive functions can arise from out 
of oppositely temporally direct and automatic functions. 
How do disengaged and executive capacities arise out of 
engaged and automatic ones? Specifically, for present pur-
poses, how do executive functional profiles, such as can 
be seen in temporal discounting, emerge from the kinds of 
basic connectivity patterns outlined by resting-state imag-
ing research? Without accounting for the continuity of these 
different neurocognitive “strata” runs the risk of oversimpli-
fying neurocognitive profile by identifying them with only 
one level of cognitive function. What is needed is a way to 
understand the continuity between automatic and deliberate 
functions—between executive functional connectivity pat-
terns and performance-independent connectivity patterns. 
The detachment view, however, only exacerbates the dis-
continuity between these functions.

As an alternative to this notion of temporal awareness, a 
final excursion before returning to the question of ADHD 
will serve to show that the awareness of temporality neither 
requires a specially dedicated executive function nor repre-
sentational detachment.

The Diachronic Organization Model of Temporal 
Awareness

Our understanding of neurocognitive function has in recent 
decades shifted towards a network-based approach which 
emphasizes the organizing role of global dynamics across 
large-scale neural systems (Fuster, 2006). On this “systems 
neuroscientific” approach, the functions of more localized 
neural systems are constrained by more globally distributed 
neural systems.

Nowadays, there is overwhelming evidence that all 
representations in the brain are distributed. Percep-
tions, memories, and even emotions are represented 
in a distributed manner; hence, a deeper understanding 
of the mechanisms underlying distributed processing is 
a central question for neuroscience. (Deco et al., 2012, 
p. 10)

System neuroscience understands neurocognitive func-
tions by way of large-scale cross-regional neural assemblies 
(Menon, 2012). Instead of having their function specified 
by their proximity to other local systems, these large-scale 
neural systems which underlie neurocognitive function are 
functionally organized by way of shared temporal dynamics 
(Daffertshofer & van Wijk, 2012). In short, the neural sub-
strates of neurocognitive function are organized by temporal 
signature (Engel, 2010, p. 231). So how does this work?

It works by way of temporal organization. The temporal 
signatures which determine these large-scale neural assem-
blies are made up of neural oscillations. Neurons fire at 
periodic intervals corresponding to certain oscillational fre-
quencies. For instance, neurons that oscillate in delta waves 
fire at a frequency of 1–4 Hz, while ones that oscillate in 
theta waves fire at a frequency of 4–8 Hz. Large groups of 
neurons fall into oscillational coherence by what is called 
phase synchronization (Varela et al., 2001). Phase synchro-
nization patterns that interconnect large-scale neural assem-
blies are hypothesized to constitute the structural basis for 
neurocognitive functions. Of especial relevance to the ques-
tion of executive function deficits, phase synchronization 
patterns are modulated by arousal and attention, and may 
be decisive in explaining cognitive abnormalities (Varela 
et al., 2001, p. 236). Moreover, studies into the emergence 
of cortical circuits for central executive functions have indi-
cated correlation between theta phase synchronization and 
executive function, and between beta phase synchronization 
and attentional control (Mizuhara & Yamaguchi, 2007, pp. 
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232, 242). In short, neurocognitive functions do not support 
temporality: on the contrary, temporal organization supports 
neurocognitive function (see Buszáki, 2006 and 2019, for 
a comprehensive account of the temporal organization of 
neural and neurocognitive function).

At this fundamental level, neurocognitive functions no 
more need to process the time by which they are organized 
than they need to process the space they take up. In this 
sense, contrary to the representational detachment view, 
temporality is not an input which the brain needs to pro-
cess but is rather an organizational principle of how brains 
work. Instead of accounting for temporality via executive or 
representational functions, neurocognitive (and executive) 
functions are determined by way of the brain’s inherent tem-
poral organization. But can this intrinsic diachronicity also 
account for executive and temporally extended functions? 
Even if phase synchronization accounts for coordination in 
perception, the appeal to representational detachment arises 
exactly from the concern that such perceptual processes can-
not account for fully autonomous (or executive) coordination 
(Pezzulo, 2008, p. 213). How can the phase synchronous 
organization of neurocognitive functions account for the full 
spectrum of executive functional capacities?

Phase synchronization constitutes neurocognitive func-
tions across several scales of integration ranging from inter-
vals of instants, moments, or longer. Different integrational 
scales have been categorized by three timescales, including 
an elementary timescale of (10–100) milliseconds, an inte-
gration timescale of seconds, and a narrative timescale more 
than seconds (Varela, 1999; see also Gallagher, 2017a, pp. 
8, 143–148; Gallagher, 2020, p. 29; Gallagher, 2017b). The 
first is exemplified by subconscious perceptual and cogni-
tive activity; the second by consciously aware and deliberate 
activity in the living present; and the third by still longer 
intervals, such as long-term planning and durations greater 
than the living present. These three (elementary, integra-
tional, and narrative) timescales of phase synchronization 
correspond to the three levels of temporal processing high-
lighted by studies of the neural correlates of timing func-
tions (Rubia, 2006) and of impacts on temporal awareness in 
ADHD (Noreika et al., 2013)—timing of actions, the ability 
to perceive time, and capacity for long-term planning. For 
each timescale of executive function, there is a correspond-
ing phase synchronization timescale.

The decisive difference here is that higher timescales 
of phase synchronization do not require any appeal to spe-
cial detached faculties. Instead of understanding tempo-
rally extended executive functional capacities by way of 
special mental faculties which create a detachment away 
from more immediate engagement, we can understand 
them as phase synchronous activity patterns instanti-
ated across longer timescales. When phase synchronous 
structures at the narrative timescale constrain the activity 

of synchronizations at the integrational or elementary 
timescales, these constraints are facilitated not by way of 
detachment but simply by “higher” phase synchronous 
structures being themselves retained across longer inter-
vals of time.

It all comes down to interactions between different 
integrational levels of the intrinsic temporal structure of 
neurocognitive function. Phase synchronous structures 
at higher levels of integration allow for more temporally 
extended control by constraining the activity of phase 
synchronous structures at lower levels of integration. For 
example, a long-term phase synchronous structure may 
reinforce or suppress certain types of short-term phase 
synchronous structures. In this sense, long-term phase syn-
chronous structures may be seen as exerting a top-down 
influence over short-term phase synchronous structures. 
At the behavioral level, this top-down influence manifests 
itself as the kinds of entrainment of behavioral trajecto-
ries associated with executive control and executive func-
tions. Importantly, however, this top-down influence of 
reinforcement and suppression does not need to rely upon 
special representational detachment or distal intentions. 
Instead, we can appeal to the inherent synergy or discord 
between rhythmic patterns of different types of phase syn-
chronous structures. Solely by strength of their differential 
rhythmic patterns, some phase synchronous structures will 
have a suppressive or a reinforcing effect upon other phase 
synchronous structures. Like the conductor of a musical 
orchestra, the rhythmic structure of long-term phase syn-
chronous structures imposes a constraining influence by 
setting a background structure for short-term phase syn-
chronous structures to fall into. Conversely, accumulative 
short-term phase synchronous structures, as well as other 
concurrent long-term phase synchronous structures, may 
cause the long-term background structure to change or 
break altogether.

From this perspective, temporally distant goals do not 
rely on the addition of distal intentions (for a comprehensive 
account, see Hutto & Myin, 2013; see also Stepp & Turvey, 
2010). I call this the diachronic organization model of tem-
poral awareness because it implements temporality by way 
of the already existent temporal extension of neurocognitive 
functioning. Just as neural functions are constituted by spa-
tiotemporally distributed neural assemblies, cognitive pro-
cesses are better described in terms of trajectories than in 
terms of special detached states (Kirchhoff, 2015; Kirchhoff 
& Kiverstein, 2019, pp. 104–108; see also Spivey, 2008). 
Finally, this way to conceptualize “higher” neurocognitive 
functions such as executive function provides a way to con-
ceptualize the executive functional manifestation of ADHD 
in a way that retains continuity with its basis in the structural 
connectivity outlined by resting-state imaging data.
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The Temporal Signature of ADHD

In order to demonstrate the continuity between the execu-
tive functional and structural profile of ADHD, I will start 
by briefly outlining a key feature of the topographical pro-
file of ADHD. Topographically, there is a significant cor-
relation between ADHD and maturational lag in cortical 
thickness. Indeed, the large-scale disruptive connectivity 
found by resting-state imaging research bears a striking 
resemblance to absent maturational neural modularity 
(Janssen et al., 2017; see also Sripada et al., 2014; Vaidya, 
2011). By “modularity” is meant the degree of functional 
separation between different neural networks. This indi-
cates that “[a]bnormalities in brain network maturation 
play a significant role in ADHD” (Qian et al., 2019, p. 
2). In normal neural development, different neural net-
works become more pronounced and correspondingly 
more clearly functionally segregated with maturation. 
Networks gradually become defined and demarcated as 
cortical thickness grows. This maturational increase in 
cortical thickness is, in turn, correlated with more stable 
neurocognitive patterns. (This is part of why old habits 
die hard: neural networks become developmentally shaped 
into stabilized patterns; but it is also part of why infants 
are such swift learners.) Higher levels of cortical thickness 
are correlated with higher degrees of functional separation 
between neural networks whereas lower levels are corre-
lated more functional interconnectivity.

Lower Cortical Thickness and Hyper‑Connectivity

Comparisons with age-matched control groups indicate 
that children with ADHD have a significantly higher cor-
relation between the executive control network and the 
salience network, with children with more compulsive 
presentations of ADHD exhibiting comparative hyper-
connectivity in the anterior default-mode network (Qian 
et al., 2019). A general suggestion from this is that ADHD 
may be correlated with age-comparatively low neural mod-
ularity and a corresponding heightened interconnectivity 
between neural assemblages involved with observation and 
with executive function.

As with the stubbornness or flexibility of habits, these 
interactions are ambivalent: their value or harm depends 
on the context. On the one hand, connections between dif-
ferent networks of neural assemblies are crucial for form-
ing new connections in learning. But, on the other hand, 
this same openness may also contribute to increased inter-
ruptions of neurocognitive processes constituted across 
longer timescales. So how does this relate to the diachronic 
organization model of temporal awareness presented in 

the previous section? Phase synchronization allows us to 
understand the continuity between this heightened con-
nectivity and the executive functional manifestation of 
ADHD. Simply put, the executive functional profile of 
ADHD may be traced back to this heightened connectivity.

Heightened connectivity corresponds to heightened vola-
tility to interruptions—which poses a disproportional chal-
lenge to phase synchronous assemblies of longer temporal 
duration. This higher tendency towards interruptions of 
temporally longer phase synchronous assemblies translates 
to an increased volatility in (temporally longer) executive 
functional tasks, such as temporal discounting. Heightened 
connectivity between different neurocognitive networks 
means that different long-term phase synchronous struc-
tures are more likely to interact, causing a proportionally 
higher likelihood of changes in long-term phase synchro-
nous structures.

The difference here is that, instead of classifying the neu-
robehavioral profile of ADHD in terms of deficit to a special 
executive functional faculty, we can understand it in terms 
of a tendential volatility within a much broader neurocog-
nitive profile. In other words, when we take into account 
the continuity of executive functional capacities with the 
underlying diachronic organization of neurofunction, we get 
a much more encompassing, and more nuanced picture of 
the neurobehavioral profile of ADHD—and one which takes 
seriously the contribution of neurofunctional idiosyncrasy 
in ADHD without reducing it to its manifestation in task-
dependent functional deficits. This broader perspective cor-
responds with both the behavioral and developmental profile 
of ADHD. In the first instance, ADHD’s characterization by 
inattention and impulsivity corresponds to the potentially 
disruptive desynchronization brought on by heightened neu-
rofunctional connectivity brought on by lower maturational 
cortical thickness. On the developmental profile, the rela-
tion between higher levels of connectivity and maturational 
lag corresponds to the developmental variation in predomi-
nant presentations of ADHD, and with the prevalence of a 
maturational diminishing of severity in symptoms. Instead 
of drawing a line dividing general default-mode functioning 
from special executive capacities, we can trace a line from 
executive function to the inherent neurocognitive structure 
of the brain. In this way temporal phase synchronization 
becomes the common denominator, or mutual structural 
principle, bridging executive function and performance-
independent connectivity patterns demonstrated in resting-
state imaging data. Each represents the inherent temporal 
organization of the mind at different scales of integration. 
This also creates a decisive shift in how we understand 
executive function.

Unlike the standard approach to executive function as a 
discontinuous faculty based on representational detachment, 
the mind’s inherent temporal structure shows how executive 
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functional capacities may be accounted for without incur-
ring an unhelpful discontinuity between profiles. The neural 
substrate of executive function has been said to constitute the 
highest stage of integration in the perception–action cycles 
by which we navigate our environment (Fuster, 2015, p. 3). 
And we may understand executive function as just that: not 
as a special faculty or a set of mental tools supervening upon 
perception in the manner of anticipatory representational 
detachment, but as an expansion of existing—inherently 
temporally extended—perceptual capacities.

A Heterogeneous and Relational Condition

Heightened connectivity and the resulting increase in vola-
tility to desynchronization is constituted at the level of the 
implicit temporal structure of neurocognitive functioning. It 
pertains to the temporal organization of brain function. For 
this reason, the challenges pertaining to the neural basis of 
ADHD may be understood in terms of heightened connectiv-
ity between different phase synchronization assemblies and 
a corresponding heightened volatility to interruption in the 
brain’s implicit temporal structure.

This explanation is highly commensurable with the het-
erogeneous, overlapping, and fluctuating character of ADHD 
which otherwise poses a challenge for a comprehensive 
explanatory basis. The answer to why ADHD has various 
presentations—and whose presentations vary across several 
timescales—is just that ADHD is not a disorder of any one 
special faculty or specified functional deficit but a condition 
pertaining to the implicit temporal organization constitutive 
of cognitive functions as such. The common ground between 
the heterogeneous manifestations of ADHD is located not 
just at the level of executive function but of inherent tempo-
ral organization. The diachronic organization view of tempo-
ral awareness hence not only facilitates continuity between 
executive functional manifestations and general connectivity 
patterns in ADHD: it also provides a more comprehensive 
understanding of the heterogeneous character of ADHD.

Finally, heightened connectivity, as may be ascribed to 
individual persons with ADHD, is not inherently pathologi-
cal. Desynchronization is an integral part of normal phase 
synchronization and is crucial to our ability to respond to 
new perceptual information. In other words, the change or 
breaking of long-term phase synchronous patterns are cru-
cial for our ability to respond and adapt to new information. 
However, a heightened disposition can also become a burden 
for the ability to maintain attention. Whether a heightened 
connectivity provides an asset to adaptivity or a burden to 
attentional resilience will vary according to what the situ-
ation calls for. The perceptual sensitivity brought on by a 
heightened connectivity can be a blessing or a curse depend-
ing on the environmental context we find ourselves in. This 

is why social and institutional factors are indispensable to 
any talk of challenges in ADHD.

What is pathological and non-pathological in this regard 
is determined by the whole situation involving both indi-
viduals and their respective environments. What this means 
is that the pathological status of ADHD is partly dependent 
on social context. All of this suggests that, although we may 
talk of a special neural signature of ADHD, we would be 
mistaken to talk about a special neural pathology. Deficits in 
ADHD are inextricably tied to social contexts. Although this 
implication deserves much more attention than can be given 
in the present paper, I will leave with a few points deserving 
of further study given the importance of social context for 
the status of ADHD.

Firstly, phase synchronous stability varies throughout 
maturation, from person to person, and throughout our daily 
routines. In this sense, it is not clear that defining ADHD 
in terms of pathology will be consistent across different 
situations, since its challenges will change with maturation, 
social contexts, and even the time of day. Secondly, the inter-
action between different phase synchronous structures char-
acteristic of the neural basis of ADHD is also a key factor 
for many beneficial traits, such as imaginative innovation. 
As such, defining the cognitive profile of ADHD in terms 
of pathology due to challenges with conforming to norma-
tive social context begs the question of which side of the 
interaction is responsible for this mismatch. Lastly, it is not 
clear that the kind of atypicality defining ADHD simply pre-
sents a net-negative for group-performances. While we may 
define cognitive diversity in terms of pathological deviation 
away for a single “healthy” populational norm, there may 
be inherent strengths at the environmental level to having 
a more diverse population (Chapman, 2021). Studies indi-
cate that cognitively diverse groups outperform cognitively 
uniform groups. As such, even if we adopt a view of cogni-
tive profiles based upon their ability to successfully perform 
functional tasks, a more open-minded social dynamic that 
makes room for cognitive diversity may not only be its own 
reward—but simultaneously may improve performative 
achievements as well.

The neural basis of ADHD in heightened connectivity 
precedes and exceeds its manifestation in executive function 
deficits. For this reason, executive function deficits should 
not be taken as the neural (or general) basis of ADHD. 
ADHD, on this view, is not restricted to executive func-
tion, but has its basis in the inherent temporal organization 
of brain function. This reconfiguration permits integrating 
executive functions within a broader scope in accordance 
with the findings of resting-state imaging data. Lastly, while 
the neurobehavioral profile of ADHD, consisting of a height-
ened sensitivity to incoming stimuli, may be statistically cor-
related with challenges within certain socio-cultural con-
texts, it would be incorrect to ascribe the pathological state 
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of the individual neural component rather than the broader 
context involving both brain body and the broader social 
environment.
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