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Current psychiatric taxonomy describes attention-deficit/hyperactivity discrder, or ADHD,
as involving developmentally inappropriate degrees of inawention and hyperactive~
mp&}siwe behavior, These symptoms frequently arise in early childhood, are relatively
pezvasave or cross-situational in nature, may persist into adolescence and even adulthood
in the majority of clinically diagnosed cases, and result in impaizment in major life activi-
ties, such as family functioning, developing self-sufficiency, peer relations, and educa-
tional and occnpational functioning, among others (American Psychiatric Association,
1994; Barkley, 1998). This perspective emphasizes problems in the realms of attention,
impulsiveness, and activity level as being central to the disorder But children with ADHD
often demonstrate deficiencies in many other motor and cognirive abilites.

" Among these are difficulties with (1} physical fitness, gross and fine motor coordina-
tion, and motor sequencing (Breen, 1989; Kadesjo 8¢ Gillberg, 2001; Mariani & Barkley,
1997); (2} speed of color naming (Tannock, Martinussen, & Preijrers, 2000); (3) verbal
and nonverbal working memory and mental computation {(Mariani & Barkley, 1997;
Murphy, Barkley, & Bush, 2001; Zentall & Smith, 1993); (4) story recall (Lotch et al.,
20007; 5} planning and anticipation (Grodzinsky & Diamond, 1952; Klormman et al,,
1599); (6) verbal fluency and confrontational communication (Grodzinsky 8 Diamond,
1992; Zentall, 1988}; (5} effort allocation (Douglas, 1983); {6) developing, applying, and
self-monitoring organizational strategies {Hamlett, Peliegrini, & Conners, 1987; Purvis
. & Tannock, 1997); {7} internalization of self-directed speech {Berk & Potrs, 1991;
Winsler, Diaz, Atencio, McCarthy, & Chabay, 2000}; (8} adhering o restrictive Instruc-
tions {Danforth, Barkley, & Stokes, 1991; Roberts, 1999); and (9) self-regulation of emo-
tiem {(Braaten & Rosen, 2000; Hinshaw, Buhrmeister, & Heller, 1989; Maedgen &
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302 DEVELOPMENT OF SELE-REGULATION

Carlson, 2000). Several studies have also demonstrated that ADHD may be associated
with less mature or diminished moral development {Hinshaw, Herbsman, Melnick, Nigg,
& Simmel, 1993; Simmel & Hinshaw, 1993). Many of these cognitive difficulties appear
to be specific to ADHD and are nota function of its commonly comorbid disorders, such
as learning disabilities, depression, anxiety, or oppositional defiant/conduct disorder
{Barkley, Edwards, Lanieri, & Metevia, 2001; Klorman et al., 1939; Murphy et al,, 2001;
Nigg, 1999; Nigg, Blaskey, Huang-Pollock, & Rappiey, 2002).

The commonality among most or all of these seemingly disparate abilities is that all
have been considered to fall within the domain of “executive functions™ in the field of
neuropsychology (Barkley, 1997h; Denckla, 1996) or “meracognition” in developmental
psychology (Flavell, 1970; Torgesen, 1994; Welsh & Pennington, 1988), ot to be affected
by these functions. All seam to be mediated, at feast in part, by the frontal cortex, and
particularly the prefrontal lobes (Fustes, 1997; Stuss & Benson, 1986). Theorists and clin-
ical scientists have long speculated that problems with executive functioning specifically
and self-regnlation more generally are at che heart of this disorder and give rise to the
more superficial and surface symptoms represented in dlinical diagnostic criteria {Barkley,
1997a; Cantwell, 1975; Douglas, 1983, Sall, 1902). :

As appealing as these speculations have been about ADHIY and seif-contrel in seem-
ing to square better with the hehaviar of children with ADHD, they necessitate that one
have a reasonable account of how normal self-regulation develops in children and of how
ADHD acts to disrupt that normal devalopmental process. These necessities have led me
to spend the better part of the past decade conceptualizing and investigating the nature of
self-control in children and adults with and without ADHD {Barkley, 1997a) and, mare
recently, conjecturing about the possible adaptve advantages that psychological modules
for seif-regulation and executive functioning may have served in the course of human
evolution {Barkley, 2001b). As I discuss later, such conjecture can serve to suggest testable
hypotheses for future research concerning the nature and purposes of self-regulation, and

sroaden the scope of social domains that developmental disorders such as ADHD, or ac-
quired disorders such as frontal lobe injuries, may disrupt. Space comstraints limit this
chapter to providing mevely an overview of the self-control problems experienced by chil-
dren and adults with ADHD, and the course I have taken in developing a theory of self
control to try to explain that disorder. Greater coverage of these issues can be found in
other sources {Barkley, 1997a, 1997b, 1998, 2001b). Good science and scholarship de-
and that we define our terms in as operational a way as possible, if we are to avoid con-
ceptual or semantic confusion. OFf relevance here, the terms “hehavioral inhibition,”
“gelé-contral,” and “executive functioning,” which have been employed frequently in the
fields of developmental psychology. neuropsychology, and child psychopathology, need
some pinning down if we are to get some idea of what they represent and how their func-
tions may be disturbed in individuals with ADHD.

DEFINING INHIBITION, SELE-CONTROL,
AND EXECUTIVE FUNCYTION

From the perspective taken here, the terms «hehavioral” or “response inhibition,” “self-
control” ar “self-regulacion,” and “executive functioning” define overlapping and inter-
acting human abilities. Defining them carefully shows their interconnectedness. The defi-
nitions used here are behavioral rather than cognitive terms, which at least permits them
to be more operationally defined, more easily observed and understood, and potentially




Herbsman, Melnick, Nigg
ngaitive difficulties appeg
r comorbid disorders, sug

defiant/conduct disorde
99%9; Murphy et al., 2001

isparate abilities is that aff
functions™ in the field g
gnition” in developments
B, 1988), or to be affecred
sy the fronral cortex, and
1986). Theorists and clin-
ve functioning specificaily
srder and give rise to the
iagnostic criteria (Barkley,

) and self-control in seern-
, they necessitate that one
ps int children and of how
se necessities have led me
avestigating the nature of
arkley, 1997a) and, more
1at psychological modules:
. in the course of human
1 serve to suggest testable:
ses of self-regulation, and:
ars such as ADHD, or ac-
race coustraints limis thi
sems experienced by chil--
weloping a theory of self:
se issues can be found |
ience and scholarship de
le, if we are to avoid con
“behavioral fnhibition,
nployed reguently i the
d psychopathelogy, need
ssent and how their func

'ROL,

iponse inhibition,” “self-
1€ overlapping and inter-
‘tonnectedness, The defi-
ich at least permits therd -
%f:rstood, and potentially -

ADHD angd Selé-Regulation 303

more easily examined in research, Behavioral terms also make miore evident the possible
evolutionary continuity or transition from the rudimentary appearance of some aspects

" of inhibition, self-control, and executive functions {EFs) cbserved in a few other primates
' {e.g., nonverbal working memory in rhesus monkeys and chimpanzees) to the complex
© executive sysiem ascribed to humans. To describe these terms operationally relative to
. their manifest behavioral equivalents also may clarify their possible path of gradual evo-

kution and their adaptive purpose(s}. In this chapter, I take the stance that the initial and
. pverarching purpose of self-control and execntive functioning is inherently social. That

purpose arose out of the group-living niche that humans occupy, particularly out of social
groups comprised of genetically unrelated, or distantly related, individuals who came to
depend on forms of reciprocal exchange or altrujsm and the formation of cooperative co-

" alitions for orchestrating non-zerc-sum activities on which their survival likely depended.

The essence of such non-zero-sum coalitions is that they atizin economic and other sur-
vival benefits that cannot be achieved by individuals acting alone (Wright, 2000). From
this perspective, nonsocial organisms that live relatively independently of other members
of their species {other than for mating/reproductive activities) do not need self-control or
the executive system that permiss ir,
The term “response inhibition,” as T use it here, refers to three overlapping yet some-
what distinet processes: :
1. Inhibiting the initial prepotent response to an event, s¢ as to create a delay in re-
sponding.

Interrupting an ongoing response that proves ineffective, thereby permituing a de-

lay in and reevaluation of the decision to continue responding {a sensitivity to ex-

roci. )

3, Protecting not oaly the self-dirccted (executive) responses that occur within the
delay bur also the goal-directed behavior they generate from disruption by com-
peting events and responses (interference contrel or resistance to distraction}
(Barkley, 1997a, 1997b; Fuster, 1397).

2

I view the first process as the most important, for without a delay in the prepotent

response {stopping), any thinking and refated goal-directed actions pertinent to that situ-

ation are pointless, if they can occur at all (Barkley, 1997a; Bronowski, 1967/1977). It is
not only the response that is delayed but alse the decision about a response (Bronowski,
196741977, 1976). The prepotent response is that response for which immediate rein-
forcement (positive or negative) is available within a particular context, or which has
been previously associated with that context (Barkley, 1997b}. Both forms of reinforce-
ment-—positive and negarive—must be considered in defining 2 response as being prepo-
tent. Whereas some forms of impulsive behavior function to achieve an immediate re-
ward, others serve to escape or avoid immediate aversive, punitive, or otherwise
undesirable events {negative reinforcement). Such escape/avoidance responses are just as
much a part of immediate gratification as are responses that result in immediate reward.
Both forms of prepotear response will require inhibition if executive functioning, or
thinking, and self-regulation are to occur and to be effective. '

I employ the definition of “self-control” used in behavior analysis: Self-control is a
response (oF series of responses) by the individual that functions to alter the probability
of a subsequent response to an event, thereby changing the likelibood of a later conse-
quence related to that event (Barkley, 1997a, 1997b; Kanfer & Karoly, 1972; Mischei,
Shoda, 8 Rodriguez, 1989; Skinner, 1953}, In other words, sef-control is any action by
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individuals directed toward chemselves, so as to change their behavior and theremn alter
future rather than merely immediate conseguences. Some have considered self-control to
be the choice of a delayed, larger reward oyer a more immediate, smalter one (Ainslie,
1974; Bumms & Powers, 1975y Logue, 1988; Mischel, 1983; Navarick, 19%6).. But this ig-
nores the self-directed actions in which the individual must engage, 0 a8 10 value the de-
layed over the immediate veward and to pursue that delayed consequence.

What then is egecutive functioning? Neuropsychology seems to view it as being
Targely comprised of unobservable “cognitive” or mentalistic events mediated chiefly by
the prefrontal cortex. That literature is typified by descriptions of various activities
thought to be involved in executive functioning, whereas the constrct itself goes unde-
fined. For instance, the term «axecutive funcrion™ has been used to encompass the actions
of planning, inhibiting responses, developing and using strateg, flexible sequencing of
actions, maintaining a behavioral set, resisting interference, and so on (Denckla, 1996;
Morris, 1996; Spreen, Risser, & Edgell, 1993). Others simply conciuded that the EFs are
what the frontal lobes do (Stuss & Benson, 1986). Denckla {1994) defined executve
functioning by its components: interference control, effortful and flexible organization,
and strategic planning or anticipatory, goal-directed preparedness to act. Dennis {1991)
did likewise, recogmizing the compaonents of regulatory (mental attention}, executive
{planning}, and social discourse (productive verbal inferaction with others). And so did
Spreen and colleagues {1993) in their description f EFs as inbibition, plapning, orga-
aized searching, self-monitoring, and fexibility of thought and. action. The underiying

theme of EFs seems to be this future grientation as conjectured by Denckla, and which
she philosopher Daniel Dennett (1995} has called “the intentional stance.” Goal-directed
behaviors require a capacity for understanding the temporal ordering of events and of
requisite responses 10 them {Shimamura, Janowsky, & Squire, 1990), including the hier-
archical staging of behavior into arrangements of goal-sitbgoal components 1Goel &
Grafman, 1995), Those arrangements may form part of a larger capacity for the forma-
tion - of social scripts {Siriga et al, 1995) that invelve the generation of the sequential

steps needed to complete a social goal, such as shopping for groceries, planning a wed-
ding, and so on. As Sirigu and colieagnes (1995) found, these scripts are impaired in pa-

tients with frontal lobe injuries. Yet 21 such efforts to describe the EFs seem ta falf shori
of the mark. They merely invite the guestion of what underlying theme binds these de-
scriptions together.

Neurapsychology has opted for a “cognitive” or mentalistic view of executive func-
tioning, founded on the computer as a metaphor for brain-behavior functioning. This
view is incorzect, 1 believe, for two reasons. Fest, as I assert later, the EXs are not mental

in some impossibly undetectable, otherworldly sense that they take place in something
catied a mind oa some higher than physical plane. The EFs comprise the principal classes

of bebavior that we use toward ourselves for purposes of self-regulation (changing our
future). An “executive act” is any act toward oneself that functions to maodify one’s own
behavior, so as to change one’s future outcomes. Such actions may be covert but need not
be 5o 10 be classified as “executive” actions tere. The term “covert” merely means ghat
the outward, publicly observable {musculoskeleral) manifestations of such behavior have
been made very difficult to detect by others over the course of human evolution. But
those actions still occur, and they can still be thought of as forms of behavior, Second, de-
velopments in the technology of neuroimaging and the fine-grained recording of shifts in
muscle potential now suggest chat this covert behavior-to-the-seif is capable of being mea-
sured (DrEsposito et al., 19973 Livesay, Lieblke; Samaras, & Stapley, 1996; Livesay &
Samaras, 1998; Ryding, Bradvik, & Ingvay, 1996). As these studies suggest, when we en-
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gage in verbal thought {covert self-spesch) and maamed actions, the peripheral muscles
and brain substrates ordinarily associated with the pl}bhc display of these same actions
continue to bé activated. But the movements of the peripheral muscles are largely imper-
ceptible to others, being reflected chiefly through small changes in muscle electrical po-
tentials at those sites, Thinking is behaving to the self, with the peripheral muscle appara-
tus being largely suppressed.

The conceptual linkage of inhibition with self-regulation, and of both constructs
with executive functioning is now obvious. Response inhibition is a prerequisite to seli-
regulation, because one cannot direct actions or behavior toward onesaif if one has al-
ready responded impulsively to an immediate event. The EFs are the general forms or
classes of self-directed actions that humans use in self-regnlation. T have identified at least
four such classes below. The EFs and the self-regulation they create produce a net overall
maximization of social consequences when considering both the immediate and delayed
putcomes of certain response alternatives. Self-regulation and the FFs that comprise i, in
short, function to maximize future consequences over immediate ones, and so are instru-
mental to purposive, intentional behavior. As I argued earlier, that furure is a social one.
This resembles the view of Lezak {1995}, whe described the EFs as “those capacities that
enable a person to engage successfully in independent, purposive, self-serving behavios”
{p. 42) or that of Denckla {1994), noted eatlier, who described them as attention and in-
tention toward the fumure. Regrettably, neither author specified the nature of those EFs
with any precision.

Often unstated is the fact that self-control is nearly imposmbie if there is not some
means by which the individual is capable of perceiving and valuing future over immediate
outcomes: No sense of the future—no self-control. A longer termn outcome may have
areater reward value than a short-term reward, if the two are compared to each other
without regard to time. But arranged temporally, as they are, the reward value of the lon-
ger term outcome will be discounted by all organisms as a function of the length of the
temporal delay involved to get it (Mazur, 1993). Humans demonstrate a remarkable shift
over the first three decades of life toward a greater preference for larger, delayed versas
smaller, more immediate rewards {Green, Meyerson, Lichtman, Rosen, & Fry, 1994).
They discount future outcomes less steeply with age than do younger individuals or other
species. This requires some neuropsychological capacity to sense the future, that is, to
construct hypotherical futures, particularly for social consequences. It also simulia-
neously involves the weighing of alternative responses and their temporally proximal and
distal outcomes—a calculation of risk~benefit ratios over ttme. Some nevropsychological
mechanism must have evolved that permitted this refatively rapid construction of hypo-
thetical social futures, while engaging in an economic analysis of immediate versus de-
layed outcomes. Without such an evolved mental mechanism, self-control would not oc-
cur, As I discuss below, the first EF to develop in children provides the capacity for just
such 2 cross-temporal economic spreadshest—visual imagery.

CONSTRUCTING A THEORY
OF THE EXECUTIVE FUNCTIONS AND SELE-CONTROL

I have suggested that humans have at least four means of self-control—four classes of ac-
tion thar they direct toward themselves to change themselves to improve their future. The
details of this mode! of EFs can be found in previens publications {Barkley, 19972,
1997b), along with the evidence that szems to support their existence, That evidence
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comes from developmental psychology, neuropsychological studies into the underlying
factors or dimensions of executive fanctioning, and nevroimaging research on the appar-
ent localization of these Elis within the prefrontal lobes. It also comes from a substantial
" amount of research on executive functioning in children and adults with ADHD, a disor-
der of inhibition belicved to originate in the prefroatal-striatal-cerebellar network
{Castellanos et al., 1996; Filipek et al., 1997).

The initial structure of this mode! is taken from Bronowski (1967/1977), who first
proposed it in his discussion of the unique properties of human language that he atib-
uted to the prefrontal cortex. I further elaborated this framnework by drawing heavily
from Fuster’s insights into the functioning of the prefrontal cortex (Fuster, 1995, 1997),
To this, I added the findings of Goldman-Rakic (1895} and others on working memory,
and also those of Damasio (1994, 1995) on the somatic marker system and the rapid eco-
nomic (motivational) analysis of hypothetical outcomes it affords. The model of EFs of-
fered here is thereby a hybrid one.

The EFs model is graphically depicted in Figure 15.1. Space here permits only a very
brief summary of it; far greater detail is provided elsewhere (Barkley, 1997a, 1998), In
this model, inhibition sets the cccasion for the ocecurrence of the EFs and provides the
protection from interference that those EFs will reguire to construct hypothetical furures
and direct behavior toward them. Despite being relatively distinct, the three inhibitory
functions and the four EFs are interactive in their natural state and share a common pur-

Behavioral inhibition
Tnhibiz prepotont rasponse

Intermpt an ongoing esponse
Interference controd

| Warking mmory bal} ization af speech Set-regulation of affect! Reconstifiglon ...
i - I i tivation/arousal Aralysis and syathests 5L Behavior
Hekfing evants i mand verbs g ) motivatea/arousat | st 204 5y X
M;ai;ﬁgm;uaﬁmgmmg (XL Tescripiinn sod mfenien Suf-ragulation of affest s ;:Mi ﬂuu:ymawml Sumeay
itati 173 o Bebi-guasticningiorabiizm selxing Offactiilyrord parspoctive o = crearivily
mmmo-fur'?if;zmmhm-rmwmﬁ Rule- e eior timanuc o of M ea Goal-irceted befavior! crostiviey 25d
pactive forction hau inn of mies 30d meia-nres S:\f'mumiunsfmlinﬁ-cmmo{ Bd}'ﬁ{xi{y ilot
| Articipatory sel Readioy compeehenion 2oar-dieated 2o =havioml solrions
SeH-awireness el reasenitg Sylan of belravior
Sense of itmt
Wanyvestal rulemgaveriied beteripr
i Cross-terupard peganizson of belundor

Motor controliflaency/syntax
Inhibition of tzsk-irrelevant responses
Exacution of goal-directed responses
Execution of pevellcompleX molor seqUencs
Goal-directed pemistence

Sensitivity o response feedbick
Behaviorl flexibility

Task re-angagement foltowing dismption
Coanirot of behavier by interaaily
represented information

FIGURE 15.1. A schematic model of the relationship of ishibition to four executive functions and
the motor contrel they govern. From Barkley {1997h). Copyright 1997 by The Guitford Press. Re-

printed by permission.
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pose. That purpose is to “internalize,” or make private, certain self-directed behavior, so
as to anticipate and prepare for the future, especially the social future. Why such self-
directed behaviors had to become covert in form is be noted later. For now, the ultimate
utility of the EFs is to maximize net long-term versus short-term social putcomes.

I view the four EFs as developing by a common process. I have horeowed Vygotsky's
process for the internalization of speech (Diaz & Berk, 19925 Vygotsky, 1978; Vygousky
& Luria, 1994}, which I ascribe to the second EE, and extended it to three other forms of
behavior that become self-directed and eventually covert or internalized. All four EFs rep-
resent private, covert forms of behavior that at one time in early child development {and
in human evolution) were entirely publicly observable and directed toward others and the
external world at large, With maturation, this outer-directed behavior becames turned on
the self as a means to control one’s own behavior Such self-behaving then becomes in-
creasingly less observable to others as the suppression of the public musculoskeletal as-
pects of the behavior progresses. This progressively greater capacity to suppress the
publicly observable aspects of behavior is what is meant here by the terms “covert, pri-

vatized, or internalized.”

Sensing fo the Self (Nonverbal Working Memory)

The first exceutive fanction has been called nonverbal working memory by others. It is
akin to Baddeley’s visuospatial sketchpad in his information-processing rendition of
working memory (Baddeley, 1986}, It originates In the privatization of sensorimotor ac-
tions—it is sensing to the self {literally, re-sensing to the self). The most important of the
semses to humans ate vision and aundition, so this executive function may be chiefly com-
prised of visual imagery and covert andition—seeing and hearing to the self.

This EF has both retrospective {sensory or resensing) and prospective {preparatory
motor) elements (Fuster, 1897; Goldman-Rakic, 1995), and requires interference control
for its effective performance. Here, then, arises the mental module for sensing the hypo-
therical future from the experienced past. This serves to generate the private or mental
representations (images, auditions, etc.) that bridge the cross-temporal elements within a
contingency arrangement (event—tesponse-outcome) that is $0 crucial for self-congrol to-
ward the future. Pierce (1897/1955), and later Deacon (1997} and Donald (1993}, noted
that such private sensorimotor representations are prerequisites for symbolization. They
constitute mental icons that can be linked with others to form indexical relations {e.g.,
smell smoke — iconic smoke — iconic fire — escape) {Deacon, 1997}, Symbols can
then arise as means of linking such indexical relations to cach other (Deacon, 1997). Both
private sensory representations {nonverbal working memory) and symbolization {lan-
guage and verbal wotking memory) are among the prerequisites for culture {Deacon,
1997; Donald, 1993; Durham, 19913 Lumsden & Wilson, 1952). ’

Speech to the Self (Verbal Working Memory)
The second EE, verbal working memory, is similar to Baddeley’s (Baddeley & Hitch,

1994) consteuct of the same name. It originates in the developmental internalization of
speech. The individual is capable of activating the central or cortical aspects of speech
without engaging the actual motor execution of that speech. Such self-speech permits seif-
description and reflection, self-instruction, self-questioning and problem solving, as well
as the invenrion of rules and metarules to be applied to oneself (Diaz & Berk, 1992},

Therefore, it contributes not only to a majot form of self-control via language but also
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oral conduct. It atso makes possible reading comprehension

Jikely provides the basis for m:
through silent reading self-speech) that must be held in mind for the extraction of its se-

" mantic (nonverbal) content. -

Emotion to the Self .
(Self-Regulation of Affect-Motivation-Arcusal Ernotion)

2 mere consequence of the first two {private sensing and
forms of visual and verbal information
associated affective and motivational

This EF may occur initally as
speech). Those EFs involve covertly re-presenting

t6 oneself. These mentally represented events have
properties or valences, which Damasio (1994, 1995) called “somatic markers.” Initially,

those affective 2nd motivational valences may fhave publicly visible counterparts, emo-
tional displays, such as when we laugh out loud in response to a mentally visualized inci-
dent. Evearally, though, these affective displays are kept private or covert in form.
Hence, originates the third EF of privatizing affect and its metivational propesties. In
brief, it s fecling (emoting-motivating) to the self, This model argues that this EF forms
the wellspring of intrinsic motivation {willpower} so necessary to support furure-directed

behaviot.

Self-Play (Reconstitution)

The fourth EF is self-directed, private
“flexibililty,” and “generativity” are some 0

{covert) play, or reconstitution, “Fluency,”
<her terms by which this EF is known in neu-

ropsychology. It serves to generate 2 diversity of new combinations of behavioral units
out of old ones through a two-step process: analysis and synthesis. In analysis, old behav-
ior sequences are broken down into smaller units. These units are then recombined {syn-
thesized) into new seguences that can be tested against the requirements of the problem
1o be solved (Corballis, 1989; Fuster, 1997). Tt is hypothesized here to arise from the
internalization of play (both sensorimotor and symbolic) and serves 1o create novel
future-directed actions. Such novel actions will be needed when obstacies to a goal are en-
countered (problems), in order to overcome them and successfully attain the goal. The
generation of such novel responses has been shown to be especially problematic for pa-
tients with frontal lobe injuries (Godefroy & Rosseaux, 1997). It has been blamed on
their inability to form and sustain rmental referents from iNSTEUCTIONS, $0 a8 1O manipulate
chemn to discover a means to achieve a goal. And that, as | have argued, is simply covert
play to one’s self. ' :
This EF may be subdivided further into verba! and nonverbal components compara-

ble to the working mermory system {verbal-or nonverbal} on which it acts. Fluency rasks

are one means of assessing this function. Recent neuroimaging studies suggest that verbal

and nonverbal {design} fluency are mediared by separate {left vs. right} regions of the

dorsolateral frontal cortex {Lee et ak., 1997; Stuss et al., 1998} That would imply that a

bivariate subdivision of this executive funetion might be useful. However, prior factor-

analytic studies of EF medsures have found oaly a single dimension representing both ver-

bal and sonverbal fluency (Levin et al,, 1996).

Further Implications of the Theory
Bach executive function is also hypbthesized ¢ contribute to the following developmen-
tal shifts in the sources of control over human behavior:
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¢ From external events to mental representations related to those events.
¢ From control by others to control by the self.

¢ From immediate reinforcement to delayed gratification.

 From the temporal now to the conjectured social future,

With maturation, the individual progressively comes to be guided more by covert repre-
sentations that permirt self-control, deferred gratification, and goal-directed actions to-
ward conjectured social futures, _

Brietly put, the internalization of sensorimotor action, self-speech, and emotion-mo-
tivation, along with the internalization of play (reconstitution), provides an exceptionally
powerful set of mind tools that greatly facilitate adaptive functioning. In a sense, these
EFs permit the private simulation of actions within specific settings that can be tested out
mentally for their probable consequences (somatic markers) before a response is selected
for eventual public execution, This, as Karl Popper noted, allows our ideas to dic in our
place (see Dennett, 1995). It constitutes a form of mental trial-and-error learning that is
devoid of real world consequences for one’s mistakes.

This use of the EFs for private simulation has led me to consider what might be the
ultimate adaptive advantage or evolutionary function for which self-control and the exec-
utive system arose in humans (Barkley, 2001b). Why give consideration to an evolution-
ary perspective on self-control? Because it can be a rich source of testable hypotheses
about a set of mental fanctions and the disorders associated with them, if properly done
(Buss, Haselton, Shackelford, Bleske, & Wakefield, 1998).

EVOLUTIONARY CONSIDERATIONS

The importance of taking an evolutionary stance toward child psychopathologies rests in
three interrelated ideas. The first derives from the criteria that may be used to define a
mental disorder. Wakefield {1999) has championed a simple yet elegant set of useful re-
quirements that must be met for a condition to be considered a valid disorder, These re-
quirements are based, in part, on the definition of a “biological adaptation.” For a disor-
der to be considered as such from this perspective, it must be a “harmful dysfunction.” In
the first part of these criteria, existent scientific evidence must demonstrate that those ex-
periencing the disorder have a failure or extreme deficiency in a biological adaptation.
Adaptations are universal functional mechanisms found in all members of that species
under their typical species range or environmental circumstances. Like hearts, lungs, and
eyes, brains are an adaptation. But such adaptations are not only physical but also psy-
chological (Barkow, Cosmides, & Tooby, 1992). Tn a sense, the human brain commes with
a large number of inbora psychological adaptations, or mental modules (Pinker, 1997),
Mental disorders are therefore defined, in part, as tailures or extreme deficiencies in psy-
chological adaptations. The second part of these criteria is the requirement that harm re-
sult from the failing adaptation. Harm can consist of increased mortality, morbidity, or
substantial impairment in major life activities. This view of disorders requires that a rela-
tively clear understanding of the psychological mechanism exists, along with evidence
that it is disrupted in those possessing the disorder, Only evolution provides a means by
which to understand the basis for the psychological adaptation, or its adaptive pur-
pose(s}. There is no question that ADHD is associated with a significant deficit in a psy-
chological adaptation (response inhibition) and significant impairment in daily life activi-
ties (Barkley, 1998). It also contributes to increased morbidity through accidental injury
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(Barkley, 2001a} and may result in decreased life expectancy, though the latter is rather
speculative at this time (Barkley, 1998).

This raises the second rationale for an evolutionary approach to psychopathology. 1f
disorders are failures of adaptations, then the more one understands the evolutionary his-
tory of that adaptation, and especially what funcdons it serves, the deeper the apprecia-
cion for what the disorder has disrupted in the psychological functioning of those so af-
flicted. Adaptations arise from evolution as a consequence of their solving adaptive
problems for the species (Ridley, 1996). To fully understand the adaptation, then, one
needs to consider the nature of these problems and how the adaptive mechanism contrib-
utes to their reduction or resolution. For instance, T have speculated that behavioral inhi-
bition, and especially the associated executive functions, may have arisen for purposes of
reciprocal exchange (delayed aleruism), the formation of cooperative coalitions that
engage 10 nOO-Zero-sum activities, and, eventually, imitation and vicarious learning
(Barkley, 2001b). By approaching the disorder from the standpoint of evolution, a person
is better able to appreciate the purposes of the adaptation and how its failure via the dis-
order may disrupt normal functioning, Returning to ADHD, an evolutionary analysis
would raise the hypothesis that those with ADHD will have substantial difficulty in social
realms that involve reciprocal exchange or altruistn, development of cooperative coali-
tions to achieve greater benefits than can be attained by acting alone, and use of vicarious
learning for seif-managerent and improvement, None of these divections for future re-
search would have arisen from the purely descriptive and taxonomic view of ADHID as
an attention disorder (American Psychiatric Associanon, 19%4,).

The third basis for considering an evolutionary stance t© disorders comes from the
fact that much of a species’ development is governed by heritable patterns of structural
and functional change. Both the physical and psychological molding of a species to its rel-
atively recognizable and uniform body plan and set of behavioral predispositions have
been, to varying degrees, determined by natural selection acting on heritable, recurring
patterns of structural and functional development {Barkow, Cosmides, & Tooby, 1992).
In short, not only do adaptations arise through the process of natural selection, but so
also do their pattern and sequence of development, This being so, one rust consider the
pattern and sequence for the aormal development of an adaptation, including psychologt-
cal ones, if one is to understand better how they are disrupted by or within a particular
form of psychopathology or developmental disability. Just as an evolutionary perspective
raises interesting hypotheses about the end purpose of an adaptation, so too can it raise
equally interesting hypotheses about the development of that functional mechanistn. For
ADHD, an evolutionary developmenta! perspective would provide a fuller account of
ADHD through its implications for the pattern and sequence in which normal inhibition
and sel-regulation emerge in children, and what ADHD may be doing to them.

As noted earlier, T believe that chere is little question that self-regulation arose fora
social function; thus, self-control is directly related to social relations (see Vohs &
Ciaroceo, Chapter 20, this volume). 1 discuss two among several possible adaptive social
advantages for which self-control and an executive system might be useful (see Barkley,

2001b, for others).

Reciprocal Altruism (Social Exchange) and Coalition Formation

Among human universal social attributes, reciprocal altruism with nonkin {others with
whom one does not share genetic self-nterest) stands out as among our most unique
behavioral features relative to other species. Fumans exchange goods 0 servicss now for
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other ones later; despite having no cammoﬁ ic self-int i i
;hgy engage in §uch exchanges. They do it nffﬁitl;15‘12]?5:?;2%:@:?;%;? hon;x_
4 (=]
ﬁgﬁfﬁgﬁgéﬁtﬁﬁ cf i};}dngti iiZL.HAizfzugh g@_’iiliams‘ (19656/1996) prefers thieliezs
ism,” the point is the same. Genetically ung:e,imdmguiii)g:tﬁ;ze;?ﬁ;l:ane’§ tlerm gt
&:q;i?;i;z:zangedbgeﬁts and costs now for benefits and costs laters O;L;e i{?:ignagn f
are ed, and those reciprocations are in ti ‘ ;
of cog;gﬁz}nd benefits between nonkin consximtg: l: }:rdo:rrjist;ri? j L;ZEE:E i’f)igri:}ghange
E,:; A ;P éz;:::,ﬁgif/wﬁ& p. 94) was apparently well aware of the fact that a car:::uf
lving spec right well come to ev‘olve a form of social exchange {(what ke te:x;ed ;
¢ lowly morive ). He aiso appreciated that such exchange was an important factot o
cgnmder‘ in understanding the evolution of not only h a D ons bt alss
e o caltare y human mental functions bur also
Reciprocal exchange, particulasl it i ; i i
for the initi.ai adaptive fuzlc{iion of thg ;r?fig;:;;;iiiﬁ% fg;;t;;ﬂ;i; Pr;mhf gndidatﬁ
rep}'esentataonai memory systeim for sensing past and future occasions——t}in fi i ‘aﬁd ¥
sali—conjcro[, as ‘dlsc:_ussed earlier. Just as with any other form of adapt t'e Omilldatwﬂ o
mechanisms affording self-control exact a biclogical cost to the ingi:ig:;l tT?h;Itle:thi

must be outweighed by some benefit, and such benefit need not be for the good of the

species, or even the group, in order to evolve. It must be for the good of the indivi
ami{, sp?c:flcf:aély, ghe ;_ndividual’s genes. Yet humans voluntarily sug}ect t?xem:ellx?i P
f;, ; IigG izﬂﬁ;ﬁ?mf:;?n {(ias in sharing or even dieting), deferred gratification ésm;cfhp:s
: ains; - \g,_F e ucamon},‘ and even aversiveness {as In getting inoculati
g seases). From the standpoint of selfish gene theory and its related ki o
themjy (Ridley, 1997}, these actions make litrle sense in the context ofat]i A
;}c};rdmg to those the'ories, ir;tdividuafs should seek as much benefit and adenrgomem. i
I e;:[_zsel';ffls ?ﬂd their genetic relatives, if only becanse others will do so if thie il:l(:;w -
eavin 3 i :
k 13:; : :;n f :5 u?tlze; ::éri is;f;;:;ig:é ts}icié fg;)nal greed is certainly evident ig huzr?azt;
.éepieted _by _se_!f—intercsted individuals, even if thoel-llsgn‘;izgilgulilidy h?‘iffsou-fc?s ot
in thos‘e mdiwdugls’ best interests (Ridley, 1997). In such ﬁlst:nce;j ots ? et comtral
are;l io;m_g strategies. The costs of reciprocal aliruism and self—contro’l iﬁ i?e :zié-goﬂt_ml
31 d;:mi ic‘lsz;if:;i érripioy@g it can be t?asﬂy cheated out of or outcompeted fozstﬁﬁti;;lj
med A z‘-‘ e existence of rec1p'roc'al_ altruism requires that there be some ad-
ag:l at()ez1 ¢ ¢ 3 mte}rested motives ~:.)f individnals involved in those exchanges o
e aﬂ;{; thr?clproca excha.nge J:eqmres 7 capacity to perceive long-term seque;mes of
eir outcomes for one’s self and for others, with whom one is trading. Even

rudimentary, little-delayed forms of reciprocal exchange would begin 1o create selecti
ction

TessIr i i i
SV ori(;nis Eiz;che evolution of an increasingly longer sense of past and future (nonverbal
[)em; Sl; e :frt}ﬁ,tsg az 1o evaluate those longer term consequences of the trade. It has
ggested that in the environment of prehistori 7 ‘ ;
: oric humans, such as th
been, c X e grasslan
e :h:I i;fnca, fc;(}c{{1 soutces and other resources showed cyclical patterns o% avaﬂalfi?ito '
famjng Uon g;;ﬂ t(;} ay g}l.(ﬂ&}‘, 1997). Periods of plenty were punctuated by periods cﬁ'
sociate;i nd su::l cor}i tions of large swings in resource availability, sharing and its as-
sociared rec Ii;{)ca exfc angie V-Vould have brought great advantage to individuals living in
withih a Cde:r;sf ?ea;rtxzn ?{t;ng or n;;}dg:lating the personal risks and costs associfted
{ famine. Under such circum it w

with these cycle : ' : stances, it would pay those w
had been ecl;;;utlh hunting or scavenging to give up some of their excess boﬁrftry to 0&;180

> g ¢ same sort of reciprocation later, when those others were more fortu-
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ful hunters were not. Like a group-insuraace pool today,
they did not require at the moment {0 those who
needed them, in exchange for the same {reatment later, in their own time of need-—a sort
of Golden Rule would resul. A group of selfish cooperators would evolve, provided that
the conseguences for cheating on the contracts were made sufficiently harsh by the group
o make reneging on those exchanges costly (Ridley, 1997). Indeed, in some modern.
hunter-gatherer groups, such as Eskimos, it seems that on some occasions, suecessful
hunters’ failure to share when thejr turn came could cost them their lives (Dugatkin,
1999; Ridley, 1997). Under periods of extreme resource variability, reciprocal exchange is
a good adaptive strategy to solve the problem, a strategy converged on by other species
such as vampire bats (reciprocal blood sharing) and some birds and mammals (reciprocal
grooming) in more rudimentary forms (Ridley, 1997; Williams, 1966/1 2961, Perhaps this
< what led to the further development of the EFs.
In essence, social exchange requires a sort of mental spreadsheet that calculates tem-
poral sequences of exchange for which the executive system seems ideally designed. Social
exchanges that occur frequently berween £wo sclfish cooperators can become the founda-
rion for building not only friendships but also social coalitions for cooperating with or
acting against other individuals and coalitions. The executive funetions would seem to be
well-designed mental modules for mediating this adaptive strategy of social exchange and
coaperative coglition formation for greater adaptive advantage. H so, it implies that one
of the major detrimental effects of ADHD (and of other frontal lobe injuries) for daily
adaptive functioning is the diminution of the capacity for effective social exchange and its
attendant cooperative coalition formation in daily secial life.

pate and the previously success
individuals would chip in resources

-

Imitation {Vicarious) Learning
EFs, particularly those of nonverbal working
memory, the capacity to engage in imitation, particulatly delayed imitation, is probably
one of the most important capacities for group-living social species such as humans.
Many species, as Darwin (1871/1992) noted, are capable of mimicry or evenl immediate
imiration of particular acts. For many reasons, immediate mimicry or imitation is a good
adaptive strategy, and other species have converged on it. Delayed imitation, however, es-
pecially in generalized form, is 2 notably human achievement (Donald, 1991, 1993}, Our
species has an carly developing instinct, nay, neatly a compulsion, to do it {Melrzoff,
1988). :
Imitation, especially delayed imitation, clearly depends on three cognitive capacities:
(1) the inhibition of prepotent responses, {2) an evolved mental mechanism for carrving
past sensory perceptions of others’ behavior forward in time across a delay interval, and
{3} a capacity to COnStrTiCt MOTOL responses oh she basis of those mentally reperceived ac-
tions of others. The latter two requirements are obviously the retrospective and prospec-
tive aspects of the nonverbal working memory system. Tnitially, it seems likely that the
initial delay between the act and its imitation was undoubtedly brief, perhaps owing to
the initially fleeting afterimages that occurred from primary sensory impressions. Regard-
less of how it originated, the capacity to inhibit prepotent respanses and to carry forward
in time past perceptions {retrospection) that create the temptlate for the later imitative
motor act (prospection) form the foundation of self-regulation, as nored earlier. The more
highly developed the nonverbal working memory capacity, the lengthier and mere hierar-
chically complex the sequence of actions that can be held in rind for later imitation, and

the longer the delay over which it can be carried into the fature. And the greater would he
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the demand for response inhibition during the period when such imitative responses are
being programmed and eveninally executed. The more complex the sequence, the more
its syntax and timing must also be held in mind: The holding of a sequence of events in
mind may also form the beginnings of a subjective, or psychological, sénse of tme
(Davies, 19954

Imitation involves the reproduction of another person’s behavior after it is observed.
Vicarious learning is a more advanced form of imitation. It involves not just imitation
(doing what gained reinforcement for others) but inverse imitation, not doing what an-
other person does (avoiding actions that led to aversive, painful, or even morta! outcomes
for others). Note the requirement for oppositional action involved in vicarious learning.
The amount of social learning that occurs in humans through imitation and vicarious
fearning is substantial, to say the least. It is undoubtedly far more than the iearning that
could oceur by operant conditioning or by trial and error alone. Imitation develops very
early in chifdhood; in fact, rudiments of it are present in infants ar 9 months of age
(Meltzoff, 1988). Its development seems to parallel the development of representational
memory, especially visaal imagery {(Kopp, 1982; Melezoff, 1988),

No other species comes close to the human capacity for this form of learning. Evolu-
tionary theory demands that explanations for such adapmtions initially be considered
from a self-interested perspective {the good of the individuals or of their genes), before
oiving credence to explanations at the group level {for the good of others} (Dawkins,
1976, 1997; Williams, 1966/1996). From that self-interested perspective, vicarious learn-
ing constitutes a form of experiential theft that is clearly in the imitator’s self-interests.
More precisely, it is behavioral plagiarism. Through imitation and vicarious learning, the
individual profits from the experiences that others may have with real-world contingen-
cies, without the costs, penalties, pitfalls, morbidity, and mortality associated with those
contingencies. Vicarious learners gain a considerable adapiive advantage in a group-
living species, becanse they appropriate the experience of another person for their own,
with minimal costs. From that vantage peint, imitation and vicarious learning are incredi-
bly useful self-interested adaptations. :

Imitation also provides for the development of tool manufacture, as well as social
communication via gesture (Blackmore, 1999; Donald, 1993). The crigin of imitation
and later vicarious learning would have set up selection pressure for humans to evolve 2
cover: form of behavioral rehearsal to keep others from copying {plagiarizing) their
hehavior while it was being rehearsed and further perfected. Though speculative, this
may have initiated the need for the internalization or privatization of one’s behavior-to-
the-self that became the basis for the EFs. Interestingly, this resensing of one’s past experi-
ences may also be the origin of “autonostic awareness,” or the awareness of self across
time {Barkley, 1997a; Kopp, 1982; Wheeler, Stuss, & Tulving, 1997).

FALSIFYING THE THEORY OF EXECUTIVE FUNCTIONING

One obvious result of redefining the EFs as being relatively covert behavior-to-the-self is
that it is testable. When individuals are engaged in each of these forms of private behav-
ior, it may be possible to detect subtle yet measurable aspects of the originally public form

" of that behavior. This could be done by using very sensitive instruments that can detect

fine changes in muscle tension or even movement associated with the covert form of the
behavior involved. Livesay and colleagues have done this to show that some changes in
muscle tension and even micromavements of the oral-muscalature occur during covert
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verbal thought. And changes in muscle tension in tie limbs have been found to occur dur-
ing acts of visuzl imagery of imagined manipulative activity {Livesay & Samaras, 1998;

Livesay ct al., 1996). This prediction alsa could be tested by neuroimaging studies. Those

studies might show that the same ot similar zones of cortical activadon are involved in

both the public and private forms of behavior, except that in the private form, the pri-

mary sensory corfex would not be activated, and the primary motor zone associated with
the public behavior would need 1o be suppressed 0 preciude the actual public execution
of the response. Ryding and colleagues (1996} appear to have demonstrared this very
finding in their neuroimagiog ctudies of covert self-speech or verbal theught, and
[’Esposite and colieagues {1997) have done so for visual imagery. Perhaps this explains
the relarively recent discovery that the cerebelium is velated in some ways t0 “cognition,”
and the planning and execution of moter actions once attributed to just the prefrontal
cortex {Diamond, 2000; Houk & Wise, 1995). Not only is the cerebellum important in
the execution of overt behavior but it also may be just as important in this form of covest
wehavior to the self that comprises nonverba! working memory.

This rendering of executive function as covert behavior-to-the-self leads to a fucther
prediction: We should expect that the private forms of the behavior suffes from many of
+he sarne constraints, flaws, and qualities as do their public counterparts. For instance,
the fact that T am largely color blind to pastel reds and greens would have little or no
meaning for a cognitive psychological view of nonverbal working memory, such as that
proposed by Baddeley (1986} Yet it would have substantial meaning here as a prediction
that my capacity for visual imagery (noaverbal working memory) would be equally defi-
cient in these color hues. Such a prediction has some support in research on visual imag-
ery (Kosslyn, 1994}, The same would be true of mentaily simulated motor actions that
would be afflicted with the same deficits, flaws, and limitations as are the publicly ob-
servable movements on which they are based. This seems to be the case for children with
developmental motor coordination disorder (Maruff, Wilson, Trebilcock, & Currie,
1999). Such deficits are imminently understandable from the perspective of the present
EF theory, but make little or no sense from the viewpoint of the information-processing/
computer metaphor of the EFs. And so, too, would comparable deficits and constraints
be predicted to occur in private speech, private ernotion~motivation, and private play {re-
constirution), if deficits existed in their public counterparts.

Morecver, this perspective on the executive system further argnes that an individual
could not engage in the public and private action simultaneously, given that many of the
same brain regions are employed in both. A moment’s reflection will show this to be true
for speech. One cannot speak covertly to oneself and publicly to others at the same time,

This should be so for the other EFs as well, By adulchood; then, humans have two means
of behaving—a public one and a covert oac. Behaviors proposed for execution are iai-
tially tested out in their covert form, and then one is selected for public execution
(Bronowski, 1967/1977). It is the covert form that is impaired by injuries to the frontal
lobes, often to the detriment of the effective use of the public form as well.

A third prediction from this model is that of a stagewise hierarchy in the develop-
ment of these EFs, each requiring that the previous one emerge before it can begin to do
so during maturation. So crucial may be nonverbal working memory (sensing to the self]
t6 human development and survival that it seems 1o arise within the first few months of
fife. By ages 12-24 months, 1t far exceeds that of our closest living primate relative {Dia-
mond, Cruttenden, & Niederman, 1994, Hofstader & Reznick, 1994; Kopp, 1982
Zelazo, Kearsley, & Seack, 1995). Thereafter develops the internalization of self-speech,
then that of emotion-motivation, eventually leading to that of reconstitution. This se-
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quence is admittedly speculative. Some type of staging in the development of EFs, how-
ever, has been suggested in cross-sectional studies of age-related differences in batteries of
EF tasks (Flale, Bronik, & Fry, 1997; Levin er-al., 1996; Passler, Isaac, & Hynd, 1985;
Welsh, Pennington, & Grossier, 1991). None of these were longitudinal designs, however,
so these studies cannot speak directly to the slope, rate, and specific staging of thr:-: devel-
opmental trajectories the EFs may take.

Noteworthy here is the additional implication that the very nature of self-control
demonstrates gualitative, not just quantitative, changes throughout child development.
From this model comes the prediction that young children may use just one form of self-
regulation (sensing to the self, largely imagery), whereas somewhat older children have
two forms {now adding self-speach); and even older children manifest three forms (with
the addition of self-directed emotion). Eventually, by late chiidhood to early adolescence,
the fourth form of seif-conerol emerges, granting individuals four means by which to reg-
wlate their own behavior toward a more effective and successful social future.

THE IMPACT OF ADHD ON SELF-CONTROL

A céntral problem for persons with ADHD is the lack of capacity for behavioral inhibi-
tion (Barkley, 1999; Nigg, 2001; Quay, 1997). Given the importance of such inhibition to
executive funceioning as described earlier, a deficit in inhibition will result in 2 cascade of
secondary deficits into the four EFs. As extrapolated to those with ADHD, the modef pre-
dicts that deficits in behavioral inhibition lead to deficiencies in nonverbal working mem-
ory, thus resuiting in (1} particular forms of forgetfuiness (forgetting to do things at cer-
tain critical points in time), (2} impaired ability to crganize and execute actions relative wo
time {e.g., time management), and {3) reduced hindsight and forethought, {4) leading to a
reduction in the creation of anticipatory action toward future events. Consequently, the
capacity for the cross-temporal organization of behavior in persons with ADHD is dimin-
ished, disrupting the ability to string together complex chains of acrions directed, over
time, to a future goal. The greater the degree to which time separates the components of
the behavioral contingency (event, response, consequence), the more difficult the task will
prove to be for those with ADHD who cannot bind the contingency together across time
to use it to govern their behavior as well as others,

- Research is beginning to demonstrate some of these deficits in persons with ADHD,
such as nonverbal werking memory, timing, and forethought (Barkley, 1997a; Barkley;
Zdwards, Laneri, Fletcher, & Metevia, 2001; Barkley, Mucphy, & Bush, 2001; Murphy et
al., 2001). Still unstudied is the prediction from this theory that children with ADHD will
be delayed in making references o time, to the past, and to the furure in their verbal in-
teractions with others relative t0 when normal children begin making such references in
their development of sense of time, hindsight, and foresight.

For those with ADHD, the privatization of speech should be delayed, resulting in
greater public spesch {excessive talking}, less verbal reflection before acting, less orga-
nized and role-oriented self-speech, diminished influence of self-directed speech in con-
trolling one’s own behaviot, and difficulties following the rules and instructions given by
others (Barkley, 1997a). Substantial accnmunlated evidence supports this prediction of de-
layed internalization of speech (Berk & Potts, 1991; Landau, Berk, & Mangione, 1996;
Winsler, 1998; Winsler et al., 2000). Given that such private self-speech is a major basis
for verbal working memory (Baddeley, 1986}, this domain of cognitive activity should be
impaired in ADHD as well. Evidence suggests that this is so; childrea with ADHD have
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difficuities with tasks such as digit span hackwards, mental arithmetic, paced auditory se-
rial addition, paired associated Jearning, and other tasks helieved to reflect verbal work-
ing memory {Barkley, 1997a; Chang et al., 1999; Grodzinsky & Diamend, 1994; Kuntsi,
QOosterlaan, & Stevenson, 2001).

The impairment in the internalization and self-disection of emotion arisiag from
ADEID leads to the following predictions: Those with ADHD should display (1) greater
emotional expression in their reactions 1o events; (2} less objectivity in the selectiont of a
response to an event; (3} diminished social perspective taking, because the child does not
delay his or ber inidal emotional reaction long enough to take the view of others and

their needs into account; and (4) diminished ability to induce drive and mativational

states in themselves in the service of goal-directed behavior. Those with ADHD remain

more dependent than do others on the environmental contingencies within a sizpation or
task to determine their motivation (Barkley, 1997a). Prelimirary work has begun to dem-
onstrate that those with ADHD do have significant problems with emotion regolation
{Braaten & Rosen, 2000; Maedgen & Carlson, 2000} and that this may be particularly so
in that subset having comorbid oppositional defiant disorder (Melnick & Hinshaw,
2000).
The modet further predices that ADHD will be associated with impaired reconstitu-
tion, or self-directed play, evidentin a diminished use of analysis and synthesis in the for-
mation of both verbal and noaverbal responses o events. The capacity to visualize men-
tally, manipulate, then generate multipie plans of action {options) in the service of goal-
directed behavior and to sefect from among thern those plans with the greatest likelihood
of succeeding should, therefore, be reduced., This impairment in reconstirution will be evi-
dent in everyday verbal fluency, when the person with ADHD is requited by a task or sit-
uation to assemble rapidly, acaurately, and efficiently the parts of speech into messages
(sentences) to accomplish the goal or requirements of the task. It will also be evident in
¢asks in which visual information: must be held in mind and manipulated to generate di-
verse scenarios to help solve prablems {Barkley, 1997a}. Lvidence for deficiency in verbal
and nonverbal fluency, planning, problem solving, and strategy development more gener-
ally in children with ADHD is limited, but what does exist is consistent with the theory
{Barkley, 1997a; Clark, Prior, &z Winsella, 2000; Klorman et al, 1999; Nigg et al,, 2002,

Ouosterlaan, Scheres, & Sergean, 2002).
fn general, ADHD is predicted to disrupt the aforementioned four transitions in the

source of control over behavior, The child with ADHD wilt be more under the control of
external events than of mental representations about time and the fature, tnder the infhu-
ence of others rather than acting to control the self, pursning immediate gratification over
deferred gratification, and under the influence of the temporal now more than of the
probable social furures that lie ahead. From this vantage point, ADHD is not a disorder

" of atrention, at least not 1o the moment Or tO the external environment, but is more ofa

disorder of intention——that is, attention to the future and what one needs to do to prepare
for its arrival. Tt is also a disorder of time, specifically, rime management, in that individu-
ais manifest an inability to regulate their Lehavior relative o time, as well as do others of
<heir own developmental level. This creates a sort of temposal myopia in which the indi-
vidual responds to or prepares only for relatively imminent events rather than ones that
lie further ahead in time, for which others their age are preparing, $o as o be ready for
their eventual arrival (Barkley, 1997a).

By implication, this view of ADHD, combined with an evolutionary perspective on
the disorder, suggests that the disorder will interfere with two of the larger social pur-
poses for which executive {unctioning and self-control may have evolved—reciprocal al-
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truism {social exchange) and vicarious learning. These predictions have yet to be tested
directly through research on children with ADHD. But there is currently sufficient evi-
dence available to demonstrate significant impairments in the peer reladonships of chil-
dren with ADHD, perhaps for these very reasons. And it is apparent that those with
ADHD have a propensity for risk taking, despite having been reasonably informed of the
consequences for others who do so.

CONCLUSIONS

In closing, there is obviously much promise in viewing ADHD as a disorder of self-regula-
tion. It encourages child and developmental psychopathologists to develop more fully
models of how normal self-control arises across childhood and even into adulthood, and
to examine where in these models disorders such as ADHD disrupt the normal structure
and processes of self-regulation to produce what is known about the disorder. Moreover,
such model building also suggests new hypotheses that can not only be pursued in resting
the models bur also provide a greater understanding of what is disrupted by the disorder.
I have also argued here that taking an evolutionary or adaptive perspective toward sélf-
control and its associated EFs can further enlighten us on the nature of these relatively
unique human abilities, and what larger domains and problers of social functioning they
evolved to solve. This may also help to demonstrate what social functions may be defi-
cient in persons with ADHD. That perspective implies that self-control may have arisen
for 2 set of fargely social functions, such as reciprocal exchange, cooperative coalitions,
and vicarious learning. It provides further grounds for the development of testable hy-
potheses not only about self-control but also zbout the social deficiencies that arise in dis-
orders of self-regulation sach as ADHD,
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