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Behavioral Inhibition, Sustained Attention, and Executive Functions:
Constructing a Unifying Theory of ADHD

Russell A. Barkley
University of Massachusetts Medical Center

Attention deficit hyperactivity disorder (ADHD) comprises a deficit in behavioral inhibition. A
theoretical mode} is constructed that links inhibition to 4 executive neuropsychological functions
that appear to depend on it for their effective execution: (a) working memory, (b) self-regulation
of affect—meotivation—arousal, (¢) internalization of speech, and {d ) reconstitution { behavioral analy-
sis and synthesis). Extended to ADHD, the model predicts that ADHD should be associated with
secondary impairments in these 4 executive abilities and the motor control they afford. The author
reviews evidence for each of these domains of functioning and finds it to be strongest for deficits
in behavioral inhibition, working memory, regulation of motivation, and motor control in those with
ADHD. Although the model is promising as a potential theory of self-control and ADHD, far more
research is required to evaloate its merits and the many predictions it makes about ADHD.

For over 20 years, attention deficit hyperactivity disorder
(ADHD) has been viewed as comprising three primary symp-
toms, these being poor sustained attention, impulsiveness, and
hyperactivity (American Psychiatric Association [APA], 1980,
1987; Barkley, 1981; Douglas, 1972, 1983). These behavioral
deficits arise relatively early in childhood, typically before the
age of 7, and are fairly persistent over development ( Barkley,
1990; Hinshaw, 1994; Weiss & Hechtman, 1993). The three
major impairments now have been reduced to two, with hyperac-
tivity and impulsivity constituting a single impairment. As a
result, three subtypes of the disorder have been proposed in the
current clinical view of ADHD offered in the fourth edition
of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV; APA, 1994): predominantly inattentive, predomi-
nantly hyperactive—impulsive, and combined types.

ADHD occurs in approximately 3—7% of the childhood popu-
lation (Barkley, 1990; Szatmari, 1992), with boys being over-
represented, on average, approximately 3:1. The disorder per-
sists into adolescence in 50-80% of cases clinically diagnosed
in childhood and into adulthood in 30-50% or more of these
same cases (Barkley, Fischer, Edelbrock, & Smallish, 1990,
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Klein & Mannuzza, 1991; Weiss & Hechtman, 1993), Over
development, ADHD is associated with greater risks for low
academic achievement, poor school performance, retention in
grade, school suspensions and expulsions, poor peer and family
relations, anxiety and depression, aggression, conduct problems
and delinquency, early substance experimentation and abuse,
driving accidents and speeding violations, as well as difficulties
in adult social relationships, marriage, and employment ( Bark-
ley, 1990; Barkley, Fischer, et al., 1990; Barkley, Guevremont,
Anastopoulos, DuPaul, & Shelton, 1993; Barkley, Murphy, &
Kwasnik, 1996, in press; Biederman, Faraone, & Lapey, 1992;
Hinshaw, 1994; Murphy & Barkley, in press; Nadeau, 1995;
Weiss & Hechtman, 1993). Most of these developmental risks
may be exacerbated by the presence of comorbid aggression—
conduct problems (Barkley, Fischer, et al., 1990; Barkley et al.,
1993; Hinshaw, 1987, 1992, 1994), Treatmenis for ADHD often
include parent, family, and teacher counseling about the disor-
der; parent and teacher training in behavior management tech-
niques; special education resources; and psychoactive medica-
tions (Barkley, 1990).

The history of ADHD has been reviewed elsewhere (Barkley,
1990; Schachar, 1986; Werry, 1992), so I only briefly consider
it here. Initially, the symptoms were thought to arise out of poor
volitional inhibition and defective moral regulation of behavior
(Still, 1902). Later, problems with hyperactivity were thought
to be the major feature of the disorder (Chess, 1960; Laufer &
Denhoff, 1957}. Eventually, Douglas (1972; Douglas & Peters,
1979} stressed an equal if not greater role for poor sustained
attention and impulse control in the disorder. She subsequently
amended her view to include four major deficits: (a) poor invest-
ment and maintenance of effort, (b) deficient modulation of
arousal to meet situational demands, (c) a strong inclination to
seek immediate reinforcement, along with (d) the originally
proposed difficulties with impulse control (Douglas, 1980,
1983). Douglas (1988} later concluded that these four defi-
ciencies arise from a more central impairment in self-regulation
in ADHD.
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Others have argued that the cognitive deficits in ADHD may
best be understood as a motivational deficit (Glow & Glow,
1979) or as arising from poor stimulus control, a diminished
sensitivity to reinforcement, or deficient rule-governed behavior
(Barkley, 1981, 1989; Haenlein & Caul, 1987). Such views,
however, were not widely adopted, nor did they serve as an
impetus to much new research. Zentall (1985) set forth an
optimal stimulation theory of ADHD, arguing that the hyperac-
tivity arises from low levels of arousal and serves to maintain
an optimal arousal level; the hyperactivity, in a sense, is a form of
self-stimulation. More recently, researchers theorizing on ADHD
have emphasized poor behavioral inhibition as the central im-
pairment of the disorder (Barkley, 1990, 1994; Quay, 1988a;
Schachar, Tannock, & Logan, 1993; Schachar, Tannock, Marri-
ott, & Logan, 1995}.

In keeping with this trend, in this article I attempt to provide
a unifying model of ADHD that is founded on prior theories of
the neuropsychological functions of the brain’s prefrontal lobes.
Poor behavioral inhibition is specified as the central deficiency
in ADHD. The model then sets forth a linkage between response
inhibition and four executive functions that depend on such
inhibition for their own effective performance. These four func-
tions serve to bring behavior under the control of internally
represented information and self-directed actions. By doing so,
the four functions permit greater goal-directed action and task
persistence. The model provides a more comprehensive account
of research findings on the cognitive deficits associated with
ADHD than does the current clinical view, which sees ADHD
as primarily an attention deficit. The model also predicts many
additional deficits likely to be associated with ADHD that have
received little or no testing in research. Such predictions provide
avenues for attempts at falsification of the model and point to
new areas for scientific investigation.

The goal here is admittedly ambitious, perhaps overly so,
because the model 1 propose may be potentially misconstrued
as a ‘‘theory of everything.’ Yet its boundaries are generally
circumscribed to the domain of self-regulation in developmental
psychology or executive functions in neuropsychology. Albeit a
broad domain, it is not unlimited. It can be readily distinguished
from other major domains of neuropsychological functioning
such as sensation and perception, memory, language, and the
spatial, sequential, emotional, and motivational domains, among
others. The model may overlap with these other domains, how-
ever, to the extent that self-regulation may affect them. Before
I proceed to discuss the origins of the model, its components,
and its extension to ADHD, the ambitiousness of this undertak-
ing demands a justification for why a new model of ADHD is
even necessary at this time.

The Need for a New Model of ADHD

A new theory of ADHD is needed for a number of reasons.
First, current research on ADHD is nearly atheoretical, at least
in regards to its basic nature. That research is mainly exploratory
and descriptive, with two exceptions. One is Quay’s (1988a,
1988b, 1996) use of Gray's (1982) neuropsychological model
of anxiety to explain the origin of the poor inhibition seen in
ADHD. This Quay—Gray model states that the impulsiveness

arises from an underfunctioning of the brain’s behavioral inhibi-
tion system. That system is said to be sensitive to signals of
conditioned punishment, and the model predicts that those with
ADHD should prove less sensitive to such signals, particularly
in passive avoidance paradipms (Milich, Hartung, Martin, &
Haigler, 1994; Quay, 1988b). The second exception is the work
of Sergeant and van der Meere (1988; Sergeant, 1995a, 1995b,
1996; van der Meere, in press; van der Meere, van Baal, &
Sergeant, 1989), who successfully used information-processing
theory and its associated energetic model (arousal, activation,
and effort) for isolating the central deficit(s) in ADHD within
that paradigm (Sergeant, 1995b). However, this approach does
not set forth a theory of ADHD; like the Quay—Gray theory, it
makes no effort at large-scale theory construction so as to pro-
vide a unifying account of the various cognitive deficits associ-
ated with ADHD. Apart from these exceptions, the current clini-
cal view of ADHD (i.e., that of the DSM-1V) and the vast
majority of current research being conducted on its nature are
not theory driven (Taylor, 19948). One sign of advancement in
a scientific field is that its research becomes so driven. This
synthesis is an attempt to move research on ADHD further along
in that direction.

Douglas’s (1980) earlier model of ADHD is not actually a
theory; it is mainly descriptive and was arrived at inductively
from a review of the extant research findings on ADHD in which
Douglas (1980, 1983; Douglas & Peters, 1979) discerned a
pattern among the findings consistently noted in this field. That
pattern comprised the four deficiencies noted earlier. Although
it was tremendously helpful at the time, such pattern discernment
remains at a descriptive level, albeit one more synthetic than
prior efforts at conceptualizing ADHD. But it is neither explana-
tory nor, more important, predictive of new hypotheses that are
testable. It still begs the question of just how the pattern itself
is to be explained. Appealing to the construct of self-regulation
(Douglas, 1988) is a step in the right direction but is of only
modest help unless self-regulation itself is defined and the man-
ner in which it leads to the four impairments is explained. Both
the pattern and the later use of self-regulation as an explanatory
construct by Douglas fit well within the model developed below.
This theory, however, goes much further by providing the needed
definition of self-regulation, articulating the cognitive compo-
nents that contribute to it, specifying the primacy of behavioral
inhibition within the theory, and setting forth a motor control
component to ADHD. Most important, the model reveals a diver-
sity of new, untested, yet testable predictions about cognitive
and behavioral deficits deserving of study.

A second reason why a theory of ADHD is sorely needed is
that the current clinical view of ADHD (i.c., that of the DSM—
IV'), being purely descriptive of two behavioral deficits (inatten-
tion and hyperactivity—impulsivity ), also cannot readily account
for the many cognitive and behavioral deficits associated with
ADHD that are reviewed later in this article. To account for
such findings, any model must fulfill at least five key require-
ments: (a) It must explain why an actual deficit in attention in
children with ADHD has not been found (Schachar et al., 1993,
1995; Sergeant, 1995a, 1995b; van der Meere, in press; van der
Meere & Sergeant, 1988a, 1988b, 1988c), even though research
on parent and teacher ratings of ADHD repeatedly identifies a
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factor of ‘‘inattention’’; (b} it must explain the link between
poor behavioral inhibition (hyperactivity—impulsivity ) and this
sister impairment of inattention, or whatever this symptom turns
out to be; {¢) it also rmust link these two constructs with execu-
tive or metacognitive functions because most, if not all, of the
cognitive deficits associated with ADHD seem to fall within the
realm of self-regulation or executive functions (Barkley, 1995;
Denckla, 1994, 1993; Douglas, 1988; Grodzinsky & Diamond,
1992; Pennington & Ozonoff, 1996; Pennington, Grossier, &
Welsh, 1993; Seidman et al., 1995; Torgesen, 1994; Welsh, Pen-
nington, & Grossier, 1991; Weyandt & Willis, 1994); (d) it
must ultimately connect the literature on ADHD with the larger
literatures of developmental psychology and developmental neu-
ropsychology as they pertain to self-regulation and executive
functions if it is 1o argue that ADHD arises from a disruption
in developmental processes; and (¢) it must be useful as a scien-
tific tool and must make explicit predictions about new phenom-
ena that will both drive research initiatives and provide a means
of falsifying the theory.

A third reason for a new model of ADXHD is that the current
view treats the subtypes of ADHD as sharing qualitatively identi-
cal deficits in attention while differing only in the presence of
hyperactive—impulsive symptoms. As noted above, it is doubtful
that the problems with inattention associated with hyperactive—
impulsive behavior lie in the realm of attention, whereas those
seen in the predominantly inattentive type of ADHD appear
to do so. A digression is necessary here. The predominantly
hyperactive—impulsive type actually seems to be a develop-
mental precursor to the combined type. In the field trial for
ADHD in the DSM-IV, this hyperactive—impulsive type was
chiefly found among preschool children (Applegate et al,,
1995). In contrast, the combined type was far more represented
in school-aged children, as was nearly the entire sample of the
inattentive type. This relationship of ADHD type to the ages
associated with it likely arises from a simple observation made
in prior studies. The hyperactive—impulsive behavior pattern
seems to emerge first in development, during the preschool
years, whereas the symptoms of inattention associated with it
appear to have their onset several years later, at least according
to parental reports (Hart, Lahey, Loeber, Applegate, & Frick,
1995; Loeber, Green, Lahey, Christ, & Frick, 1992). Moreaver,
the types of problems with inattention seen in the predominantly
inattentive type appear to have their onset even later than those
that would eventually be associated with hyperactive—impulsive
bebavior (Applegate et al., 1995).

Returning, then, to the start of this digression, it appears that
the predominantly inattentive type may not, in fact, have its
impairment in the same form of attention as that found in the
other two types (see Barkley, 1990; Barkley, Grodzinsky, &
DuPaul, 1992; Goodyear & Hynd, 1992; Hinshaw, 1994; and
Lahey & Carlson, 1992, for reviews). Research on the inatten-
tive subtype suggests that symptoms of daydreaming, ‘‘spacing
out,” being “*in a fog,”” being easily confused, staring frequently,
and being lethargic, hypoactive, and passive are more common
(Barkley, DuPaul, & McMurray, 1990; Lahey & Carlson,
1992). This type of ADHD has a deficit in speed of information
processing, generally, and in focused or selective attention, spe-
cifically (Goodyear & Hynd, 1992; Lahey & Carlson, 1992).

The deficit in the combined type of ADHD has been character-
ized as being in the realm of sustained attention (persistence)
and distractibility. If this distinction is valid, the present clinical
view of ADHD may be clustering into a single set of disorders
what are, in reality, two qualitatively different disorders. Such a
distinction would also argue that children with ADHD combined
type who may develop the inattentive type as they get older
(because of reductions in hyperactive behavior) are not actually
changing types of ADHD at all. The type of inattention that
they continue to manifest (lack of persistence and distractibility )
is still qualitatively different from the inattention manifested by
children classified as the inattentive type. Any new theory of
ADHI} needs to address this emerging distinction. The model
presented here provides a means of testing this dissociation
between types of inattention by using functional neuroimaging
methods along with measures of the executive functions whose
deficiencies are linked in this model to the hyperactive—impul-
sive types of ADHD.

Clarification of Terms and Assumptions

The term ADHD is used here to refer only to that subgroup
of this population previously identified as hyperactive (Chess,
1960), hyperkinetic (APA, 1968 ), attention deficit disorder with
hyperactivity (APA, 1980}, ADHD (APA, 1987), or, more re-
cently, ADHD—combined type and hyperactive—impuisive type
(APA, 1994). In this article, ADHD and the model of it devel-
oped here do not refer to that subgroup whose chief problem is
inattention alone (predominantly inattentive type).

The model set forth below presumes that the essential impair-
ment in ADHD is a deficit involving response inhibition. This
deficit leads to secondary impairments in the four neuropsycho-
logical abilities that are partially dependent on inhibition for
their effective execution. These secondary impairments then lead
to decreased control of motor behavior by internally represented
infermation and self-directed action. One consequence of this
hierarchical relationship is that improvement or amelioration of
the inhibitory deficit should result in improvernent or normaliza-
tion in the four executive functions that depend on it and also
in improved motor control. Another consequence is that this
successive chain of impairments creates the appearance of poor
sustained attention in those with ADHD. However, this inatten-
tion actually represents a reduction in the control of behavior
by the intemally represented information contributed by these
four executive functions. That information permits the tracking
of the adherence of behavior to it (i.e., rules, plans, intentions,
goals, time, etc.), thus creating goal-directed persistence.

Behavioral inhibition refers to three interrelated processes:
(a) inhibition of the initial prepotent response to an event; (b}
stopping of an ongoing response, which thereby permits a delay
in the decision to respond; and (c} the protection of this period
of delay and the self-directed responses that occur within it
from disruption by competing events and responses (interfer-
ence control). It is not just the delay and the self-directed actions
within it that are protected but also the eventual execution of
the goal-directed responses generated from those self-directed
actions (Bronowski, 1977; Fuster, 1989). The prepotent re-
sponse is defined as that response for which immediate rein-
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forcement (positive or negative} is available or has been pre-
viously associated with that response. The inhibitory process
involved in interference contrcl may be separable from that
involved in the delay or cessation of a response. Nevertheless,
the previous neuropsychological models on which the present
one is based clustered these processes together. That fact, along
with research reviewed below which suggests that all three in-
hibitory activities are impaired in ADHD, has led to their treat-
ment here as a single construct.

This definition of inhibition is not exactly the same as that
used by Kagan. Reznick, and Snidman (1988) to study shy
(inhibited} and sociable (uninhibited) children. In Kagan et
al’s research, uninhibited behavior is defined by reactions to
social settings involving unfamiliar people in which children
are consistently sociable, talkative, and affectively spontaneous.
It is the polar opposite of shyness (clinging, quiet, timid, and
withdrawn behavior). In contrast, inhibition is assessed by per-
formance on cognitive and behavioral tasks that require with-
holding of responding, delayed responding, cessation of ongoing
responses, and resisting distraction or disruption by competing
events. The social characteristics of children with low social
inhibition in Kagan et al.’s research may be similar to some of
the behavioral effects in the model developed here. The two
concepts and their correlates, however, do not appear to map
precisely onto each other, nor do they seem to predict the same
outcomes.

For instance, Caspi and Silva (1995) found that separate
dimensions of temperament for undercontrolled behavior (im-
pulsive, emotionally reactive, easily frustrated, and overactive)
and for socially confident behavior (sociable, talkative, and ea-
ger to explore unfamiliar contexts) could be extracted from
ratings of 3-year-olds. These two dimensions predicted very
different personality characteristics in adulthood, with the for-
mer associated with more maladaptive behavior than the latter
The undercontrolled behavior pattern seems more closely related
to the poor inhibition in the present model than is the socially
confident pattern, which resembles Kagan et al.’s (1988 ) socia-
ble (uninhibited) children.

This is hardly the first article to argue that behavioral inhibi-
tion is a central impairment in ADHD. Distinctive of the model
to be offered here, however, is its linkage of this deficiency
in inhibition to the disruption of five other neuropsychological
abilities that depend on inhibition for their efficient execution.
Four of these abilities are critical for self-regulation and goal-
directed persistence, so they are called executive functions here.
ADHD is believed to disrupt these executive functions because
the first executive, self-regulatory act must be inhibition of re-
sponding. Such inhibition permits a delay in the decision to
respond that is used for further self-directed, executive actions.
Those actions affect the decision to respond and control the
eventual responses these executive functions generate.

This is not to say that behavioral inhibition directly caunses
these executive or self-directed actions to occur. However, it
does set the occasion for their performance by providing the
delay necessary for them to occur. These four executive func-
tions, therefore, should be viewed as neuropsychological sys-
tems separate from the behavioral inhibition system yet hierar-

chically (or pyramidally) perched on it to assist in self-
reguiation.

Self-regulation is any response, or chain of responses, by the
individual that serves to alter the probability of the individual’s
subsequent response to an event and, in so doing, functions to
alter the probability of a later consequence related to that event
(Kanfer & Karoly, 1972; Skinner, 1953). These self-directed
behaviors need not be publicly observable, although it is likely
that in early development many of them are. Over development,
they may become progressively more private, or internal —cogni-
tive, in form. The development of internalized, self-directed
speech, to be discussed later, may serve to exemplify this pro-
cess. Although eventually private, these actions remain essen-
tially self-directed forms of behavior. The term executive func-
tion refers to these mainly private (cognitive) self-directed ac-
tions that contribute to self-regulation. So defined, the term
incorporates most of the attributes often ascribed to it by others
(Denckla, 1994; Stuss & Benson, 1986; Torgesen. 1994,
Weish & Pennington, 1988 ), including (a) self-directed actions,
(b) the organization of behavioral contingencies across time;
(c) the use of self-directed speech, rules, or plans; (d) deferred
gratification; and (e) goal-directed, future-oriented, purposive,
or intentional actions.

A conflict between the immediate and distal consequences of
an act may be critical for identifying those circumstances that
serve to initiate inhibition and self-regulation (Kanfer & Karoly,
1972). Inhibition and its related executive functions may be
most obvious (and most needed ) when a delay of a consequence
is imposed in a task, when a conflict is confronted between the
immediate and delayed consequences of a response, or when a
problem arises that requires generating a novel response to re-
solve it. Time, conflicts in temporally related cutcomes, or nov-
elty of a response, therefore, may serve as initiating events for
these executive functions. The future consequence is not actively
influencing this process because it has not yet occurred. Instead,
conditioned signals of punishment from experiences and prior
socialization may be the determinants of when inhibition and
self-regulation are engaged (Quay, 1988a). When such initiating
events arise, self-regulation can result in a reduction in immedi-
ately available rewards (self-imposed deprivation) or an in-
crease in the aversive consequences in the immediate context
(self-imposed pain or hardship). Yet these self-directed acts
may result in later, considerably larger, rewards or the avoidance
of later, and greater, aversive consequences. The net gain of
considering both the immediate and delayed consequences
would be greater than that achieved by consideration of the
immediate consequences alone (Kanfer & Karoly, 1972; Thore-
sen & Mahoney, 1974).

Circumstances or tasks that involve temporal delays, conflicts
in temporally related consequences, or the generation of novel
responses most heavily tax the type of behavioral inhibition
and self-regulation described here. Tasks requiring resistance to
temptation or deferred gratification are of this sort. Among the
several dimensions of impulsivity discovered in past research
(behavioral and cognitive—motor, typically; Milich & Kramer,
1985; Olson, 1989), it is that dimension reflected in deferred
gratification and resistance to temptation, or what others have
also called ‘‘behavioral inhibition™® (White et al., 1994}, that
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is associated with the inhibitory processes described here. Prob-
lem-solving tasks are also likely to tax behavioral inhibition
and its related executive functions. By definition, problems are
situations for which the individual has no readily available re-
sponse and that require the generation of a novel response to
resolve. And so problem-solving tasks, tasks involving temporal
delays, and tasks involving temporal conflicts in outcomes
would all prove useful in research studying not only the linkages
between behavioral inhibition and the four executive functions
in development but their impairment in ADHD as well.

It is the behavioral dimension of impulse control, rather than
the cognitive dimension of impulsiveness (as measured by the
Matching Familiar Figures Test and the Draw-A-Line Slowly
Test), that seems to be most stable over development, to corre-
spond most closely to parent or teacher ratings of hyperactive—
impulsive behavior, and to correlate most highly with later cog-
nitive and social competence (Mischel, Shoda, & Peake, 1988;
Olson, 1989; Silverman & Ragusa, 1992). This may explain
why methods of assessing the behavioral type of inhibition (par-
ent—teacher ratings, delayed reward tasks, and reinforcer con-
flict tasks ) have been more useful than those assessing cognitive
impulse control in distinguishing those with ADHD from those
without it, in predicting which infants and preschool children
are at risk for ultimately developing ADHD, and in predicting
the extent of later cognitive and social problems associated with
ADHD, as shown below.

The immediate purpose of the four executive functions de-
scribed below seems to be the achievement of greater prediction
and control over the individual’s own behavior and environment,
but their ultimate purpose seems to be an alteration in the future
consequences a response is likely to produce (Bronowski, 1977;
Fuster, 1989; Skinner, 1953). Such executive functions likely
arise from (a) the development of neural networks within the
prefrontal lobes, which underly these neuropsychological abili-
ties and permit the acquisition of more specific skills used for
self-control { Bronowski, 1977; Fuster, 1989); (b) the success
these actions have had in the past for maximizing the net conse-
quences of behavior, both immediate and delayed, when consid-
ered across long time periods (Kanfer & Karoly, 1972); (c) the
socialization of the child; and (d) the ongoing reinforcement of
the individual for using self-regulatory actions (Hayes, 1989;
Kopp, 1982; Skinner, 1953). The teleological trap set here by
the use of terms that connote future, purpose, or intent can be
dealt with by recognizing that such apparently future-directed
behaviors are actually determined by experience and by ongoing
self-directed actions such as self-directed speech and self-
directed imaging (Fuster, 1989).

Origins of the Model

Much of the present model linking inhibition to four executive
functions was set forth by Bronowski (1967) 30 years ago.
Bronowski’s theory has been discussed in more detail elsewhere
as it pertains to ADHD (Barkley, 1994). The present explication
differs substantially from the initial application of Bronowski’s
ideas to ADHD (Barkley, 1994, 1995) in the following respects:

(a) the incorporation of portions of Fuster’s (1989, 1995 ) theory
and the views of others (Knights, Grabowecky, & Scabini, 1995;
Milner, 1995) on the neuropsychological functions subserved
by the prefrontal cortex into a new hybrid model; (b) the inclu-
sion of more precise definitions of behavioral inhibition and
self-regulation; (¢) the addition of a motor control-fluency—
syntax component to the model; (d) the inclusion of the self-
regulation of drive and motivation as well as that of emotion in
the model; (&) the reconfiguration of the model components
more logicaily than before (Barkley, 1994); (f ) the addition of
numerous recent findings bearing on the linkages among these
components and their applicability to ADHD; and (g ) additional
predictions about ADHD.

In some sense, the evidence reviewed in this article in support
of the hypothesized link between inhibition and executive func-
tions, and even the extension of Bronowski’s (1967, 1977) the-
ory to ADHD, would have been anticipated by his theory and
could be viewed as subsequent validation of it. The model devel-
oped here also includes the later theory of Fuster (1989, 1995)
on the neuropsychological functions of the prefrontal cortex,
which was drawn from his extensive review of the animal and
human neuropsychological literatures pertaining to these func-
tions. Though developed independently, and for somewhat differ-
ent purposes, Bronowski’s and Fuster’s models have a substan-
tial number of similarities, so their combination into a hybrid
model of behavioral inhibition and executive functions makes
sense. Space permits only a brief summary of these two earlier
theories 1o illustrate their many points of overlap.

Bronowski’s Theory on the Uniqueness
of Human Language

Bronowski ( 1977) identified four unigue properties of human
language that distinguish it from the languages of animals. He
argued that human language is distinctive because it is not sim-
ply a means of communication but of reflection, during which
plans of action are proposed, played out, and tested. Reflection
can only happen if there is a delay between the arrival of a
stimulus or event and the response to that event. Bronowski
treated this capacity to inhibit and delay responses as the central
and formative feature in the evolution of the unique features of
human language. It is not just the response that is being delayed
but the decision to respond (Bronowski, 1976). Four conse-
quences flow from the evolution of this ability to inhibit and
delay responses: prolongation, separation of affect, internaliza-
tion, and reconstitution, The capacity to delay responses as weil
as the four consequent mental functions flowing from it are
attributed to the brain’s prefrontal cortex.

Prolongation is the ability to refer backward and forward in
time and to exchange messages with others that propose action
in the future. This prolengation of reference, or the relation of
past events to future actions, requires a special form of memory,
During the delay in responding, the features of the signal, situa-
tion, or event must be briefly prolonged, fixed, and held in some
symbolic form, so they can be retained for later recall when
they will serve to revive the responses associated with them in
the future. The recall of the past and the manipulation of the
imagery of recall permit the construction of hypothetical situa-
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tions and their associated consequences. From such conjectur-
ing, plans can be formulated and anticipatory behaviors initi-
ated. This form of memory is, in a sense, remembering so as
to do. It is similar to the contemporary concept of working
memory in newropsychology (for reviews, see Becker, 1994).
For instance, Goldman-Rakic (1995) defined working memory
as “"the ability to keep an item of information in mind in the
absence of an external cue and utilize that information to direct
an impending response’” (p. 57). This form of memory and
the prolongation of reference it affords are said to permit both
imagination and the concept of time. The recall of the past surely
is of the self-past, and the holding in mind of present events is the
self-present, both of which should contribute to self-awareness.
Thus are the functions of working memory, hindsight, fore-
thought, anticipatory set, sense of time, and self-awareness de-
pendent on inhibition.

A second, subsidiary consequence of inhibition and response
delay is the separation of affect. This refers to the separation
of the emotional charge from the content of a message or event
and, as a result, the separation of the emotional valence from
the content of the response to the event. This involves the self-
regulation of emotion apart from motor behavior, and it affords
the generation of neutral responses despite emotionally provoca-
tive events that may elicit highly charged feelings within the
individual. Examples include remaining silent or speaking
calmly when angered.

The delay between event and response also permits time for
the event to be referred to more than one center in the brain
and gives rise to an inner discussion of alternatives before a
response is formed. This internalization of language gives a
unique form to human thought and speech. During the delay in
responding, language comes to be turned on the self. It thereby
moves from being primarily a means for communication with
others to one of communication with the self, a means of reflec-
tion and exploration that permits the construction of hypotbetical
messages or responses before one is chosen to utter or perform.
It also permits the creation of self-directed instructions and
thereby becomes a fundamental tool for self-control. In support-
ing his assertions, Bronowski (1967, 1977 ) referenced the views
of Vygotsky (1978, 1987), so they are briefly discussed here.

Vygotsky’s (1978, 1987) theory on the development of pri-
vate speech remains the most accepted view on the topic at this
time (Berk, 1994). Such speech starts out as ‘‘speech uttered
aloud by children that is addressed either to the self or to no
one in particular’” (Berk & Potts, 1991, p. 358). In its earliest
stages, it is thought spoken out loud that accompanies ongoing
action. As it matures, it functions as a form of self-guidance
and direction by assisting with the formulation of a plan that
will eventually assist the child in controlling his or her own
actions (Berk & Potts, 1991). Gradually, speech becomes pro-
gressively more private or internalized, and behavior comes in-
creasingly under its control; private speech thus becomes inter-
nal verbal thought that can exert a substantial controlling influ-
ence over behavior. This internalization of speech proceeds in
an orderly fashion. It seems to evolve from more conversational,
task-irrelevant, and possibly self-stimulating forms of speech
to more descriptive, task-relevant forms and then on to more
prescriptive and self-guiding speech. It then progresses (o more

private, inaudible speech and finally to fully private, subvocal
speech (Berk, 1986, 1994; Berk & Garvin, 1984; Berk & Potts,
1991; Bivens & Berk, 1990; Frauenglas & Diaz, 1985; Kohlberg,
Yaeger, & Hjertholm, 1968).

The internalization of language brings with it the fourth con-
sequence of inhibition, which Bronowski ( 1977) called recon-
stitution. It comprises two processes. The first is aralysis, which
is the decomposition of sequences of events or messages into
their parts. This allows the progressive redistribution of the event
or message to other parallel information-processing systems
within the brain

so that its cognitive content becomes more particularized, and its
hortative content more generalized . . .. The physical world is pic-
tured as made up of units that can be matched in language, and
hutnan language itself thereby shifts its vocabulary fram command
to description or predication. (Bronowski. 1977, p. 121)

The second process is synthesis, wherein these parts can be
manipulated and used to construct or reconstitute entirely new
messages or responses to others. In addition, because the units
in such messages can represent and initiate units of behavior,
those behavioral units also can be reconstituted into entirely
novel behavioral structures. This gives a synthetic and increas-
ingly hierarchical structure to both human language and behav-
ior. Increasingly complex, novel units come to be formed out
of more elemental ones, and thus a layered structure to behavior
is created. Reconstitution, it is argued, creates the potential for
original productivity in human language and hence in the human
actions controlled by that language (Bronowski, 1977). The
rules or syntax for the sequencing of these verbal and behavioral
productions are an inherent part of the process of reconstitution.

Reconstitution is quite evident in verbal fluency and discourse
because they represent the capacity to rapidly access and recon-
stitute parts of speech into complete messages for others. The
speed, accuracy, fluency, syntax, and general efficiency with
which cognitive content is translated inte units of speech and
then into whole messages to others reflect the synthetic function
of reconstitution. Verbal recenstitution should be most evident
in confrontational language tasks or in goal-directed speech or
writing, where ideas must be rapidly conveyed to achieve the
goal of the task. However, it should also be evident in goal-
directed behavioral creativity in general because this reflects the
capacity to generate a variety of novel, complex sequences of
behavior directed toward goals. Varicus hypothetical futures and
the potential responses to them can now be internally simulated
and tested before one is executed.

Bronowski (1977) attributed these four executive functions
to the prefrontal lobes. Consequently, theories of and research
findings on the functions subserved by this cortex may have
some bearing on the many questions left open by Bronowski’s
theorizing. They may also have something to say about ADHD,
given that the origin of ADHD has been repeatedly ascribed to
this same brain region (Benton, 1991; Heilman, Voeller, & Na-
dean, 1991; Mattes, 1980). Several neuroimaging studies also
suppart this view (Castellanos et al., 1994; Lou, Henriksen, &
Bruhn, 1984; Lon, Henriksen, Bruhn, Borner, & Nielsen, 1989;
Rapaport, 1996, Sieg, Gaffney, Preston, & Hellings, 1995).
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Fuster’s Theory of Prefrontal Functions

Fuster’s (1989, 1995) theory of prefrontal functions was pro-
posed apparently independently of Bronowski’s (1977) model,
vet the two have much in common. Fuster concluded that the
overarching function of the prefrontal certex is the formation
of cross-temporal structures of behavior that have a unifying
purpose or goal. It is the novelty of these behavioral structures,
and especially the temporal discontiguities among their ele-
ments, that makes the prefrontal cortex essential in their forma-
tion. To a lesser extent, their complexity may additionally neces-
sitate the involvement of the prefrontal cortex. However, com-
plexity alone is not sufficient to place such acts within the
purview of the prefrontal cortex. On the other hand, time being
inserted between the elements of the contingency (i.e., event,
responses, and consequences) would be sufficient to do so. Sim-
ilarly, novelty of the response would also lead to involvement
of the prefrontal lobes.

It is this synthesis of novel, cross-temporal behavioral struc-
tures mediating cross-temporal contingencies that requires the
involvement of prefrontal functions. It is also the goal they
subserve that defines these behaviors and gives them cohesion
and direction. Smaller sequences of behavior linked over shorter
time periods can be used to create longer, more complex units
of behavior with increasing durations and complexities and
longer term objectives. This pyramiding of simpler units of be-
havior into more complex ones produces a hierarchical structure
to goal-directed behavior and bridges the temporal delays. This
function is quite similar to Bronowski’s (1977) concept of
reconstitution.

Several functions must occur for behavioral structures to be
linked across time. Two of these are temporally symmetrical
and are called retrospective and prospective functions. The retro-
spective function entails the retention of information about past
events that are held in their temporal sequence as they pertain
to a goal. Such memory is provisional, having timeliness and
term, and permits the referring of current events to previous
events in a sequence as well as the retention of action-related
information derived from that analysis. The retrospective func-
tion gives rise to formulation and retention of a goal-directed
behavioral structure. This forms the prespective function, and
it leads to a preparation to act in anticipation of events or an
anticipatory set. The behavioral scheme and its relevant events
are temporarily represented, deployed in the preparation to act
and the execution of those actions, and retained until the goal
has been accomplished. These functions are identical to Bro-
nowski’s (1977) concepts of prolongation, hindsight, and fore-
thought, as well as to the neuropsychological concept of working
memory (Puster, 1989, 1995).

Fuster (1989, 1995) argued that the proficiency of working
memory is dependent on response inhibition and interference
control, just as Bronowski (1977) had done. It is in working
memory that goals and intentions to act are retained and that
action plans are formulated and used to guide the performance
of the goal-directed responses. The delay in responding, during
which the cross-temporal behavioral structures are being formed
and retained, is a critical time that requires protection from a
variety of sources of interference that can pervert, distort, or

completely disrupt the planning taking place. Internal sources
may also interfere, such as traces of information still held in
working memory from the formation of immediately previous
behavioral structures. This retention of previous motor plans
past their timeliness and term can lead to perseveration of re-
sponding. Old habits more familiar to the individual or having
similarity to ongoing behavior may likewise disrupt this syn-
thetic, goal-directed function, as might impulses to immediate
gratification.

The dissociation of an inhibitory function from a working
memory function is not only conceptual but neuroanatomical
as well. The inhibitory functions are ascribed to the orbital—
frontal regions of the prefrontal cortex and its reciprocal inter-
connections with the ventromedial region of the striatum (Iver-
son & Dunnett, 1990). The functions of working memory are
subserved by the dorsolateral region of the prefrontal cortex
and its reciprocal connections to the more central region of the
striatum (Iversen & Dunnett, 1990). Substantial evidence from
neuropsychological and neuroimaging studies supports this dis-
sociation (D’Esposito et al., 1995; Fuster, 1989, 1995, Goldman-
Rakic, 1995; Iversen & Dunnett, 1990; Knights et al., 1995;
Milner, 1995; Vendrell et al., 1993; Williams & Goldman-Rakic,
1995). Even within working memory, the retrospective (sen-
sory) and prospective (motor selting) elements are likewise
dissociable though interactive functions (Fuster, 1995; Gold-
man-Rakic, 1995). Each may be subserved by separate, neigh-
boring, and interacting cortical regions in the dorsolateral pre-
frontal lobes.

This capacity for holding events in mind in a correct temporal
sequence may give rise to the psychological sense of time (Mi-
chan, 1985). If so, time perception would be directly dependent
on the integrity of working memory, as Bronowski (1977)
claimed. A subjective sense of time would seem to be critical
in Fuster’s (1989, 1995) model as well, given his emphasis on
the cross-temporal organization of behavior as being the major
function of the prefrontal cortex. A capacity for marking time
and sensing its passage would be essential to anticipatory setting
of motor responses in preparation for the arrival of impending
events. That sense would also be necessary for programming the
syniax or temporal structure of the complex behavioral chains
generated in the service of goal attainment.

The initiation and -maintenance of cross-temporal, goal-
directed actions require that the prefrontal cortex assist in regu-
lating basic drive ar motivational states in the service of such
goal-directed acts. Otherwise, new behaviors would rarely be
initiated or sustained on the way to their intended goal. Hence
the self-regulation of drive and motivational states in the service
of goal-directed actions appears to be another function of the
prefrontal cortex. Fuster {1989, 1995) also recognized that dis-
orders of the prefrontal cortex often give rise to disturbances in
the regulation of affective and emotional states. Yet he found
these difficult to interpret within his model. Bronowski (1977),
in contrast, made the separation and self-regulation of affect
one of the major consequences of delayed responding in his
model. As discussed later, drive and motivation appear to be
part of the same functional brain system that govcms' emotion
(Lang, 1995), so the capacity to self-regulate affect may also
entail the capacity to self-regulate motivation.
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These functions of the prefrontal cortex clearly influence mo-
tor control. The prefrontal cortex is unnecessary for the perfor-
mance of any motor act or even complex, overlearned responses.
It is essential for the orderly execution of novel, complex behav-
iors having a cross-temporal structure. Thus, working memory,
hindsight, forethought, sense of time, anticipatory set, and the
goal-directed behavioral structures they create influence motor
control, fluency, flexibility, svntax, and persistence as they per-
tain to goal-directed actions. This influence of executive func-
tions over motor control could be seen in three ways, Fuster
(1989) concluded (a) in the retention of information about past
events and acts already executed that then feeds forward to
influence subsequent responding (i.e., a sensitivity to errors),
(b) in the anticipatory setting of the premotor and motor func-
tions (i.e., a preparation to act), and (¢) in the inhibition of
motor impulses inappropriate to the goal or task. A lack of the
inhibitory control that provides for the delay of responses and
protection of the delay from interference would have many man-
ifestations, Fuster reasoned, including distractibility, hyperreac-
tivity, and impnulsivity —the very symptoms attributed to ADHD,

A Hybrid Neuropsychological Model of Executive
(Self-Regulatory ) Functions

To combine the constructs identified in each of these highly
overlapping theories into a single model appears to create a
more thorough accounting of self-control through these execu-
tive functions than does either theory alone. For instance, Bro-
nowski’s (1977) theory places great emphasis on the internal-
ization of speech, not only for the control over behavior it
provides but also for its value in the creation of novel, complex
goal-directed behaviors (reconstitution ). Fuster (1989 ) initially
overlooked this important realm of human self-regulation, per-
haps because he was attempting to integrate the human and
primate literatures to deduce the similarities in the functions of
the prefrontal cortex. However, he included verbal behavior
within the purview of his model of prefrontal functions { Fuster,
1995}, though its role in self-control still seems undervalued.
Fuster made explicit mention of the role of the prefrontal cortex
in the creation of drive or motivational states that facilitate goal-
directed behavior. Bronowski did not concern himself with this
function, most likely because his brief essay was intended to
focus primarily on the uniqueness of human language. Both
noted the critical nature of a special kind of memory ( working
memory ) that gives rise to hindsight, forethought, anticipatory
behavior, and goal-directed or purposive action ( see also Badde-
ley & Hitch, 1994}, Bronowski additionally linked this special
form of memory to the development of the subjective sense of
time and the future.

Both theorists also noted the unigue capacity of humans to
create extraordinarily complex and novel behavioral structures
in the service of attaining future goals, and both assigned this
analytic—synthetic ability (reconstitution ) to the prefrontal cor-
tex. It is this function in combination with that of working
memory that gives rise to the capacity for the internal simulation
of potential behaviors or, as Bronowski (1977) noted, the con-
jecturing of hypothetical futures. Both theorists also observed
that the syntax (organizational rules) of behavior generally, like

that of speech production specifically, appears to arise out of
this special function of the prefrontal cortex, as others also noted
(Knights et al., 1995 ). Thus, the combination of these theories
into a hybrid medel of executive prefrontal functions deals with
the apparent gaps in each.

The hybrid model developed below specifies that behavioral
inhibition permits the proficient performance of four executive
abilities: working memory, internalization of speech, self-regu-
lation of affect—motivation—arousal, and reconstitution. The
four executive functions influence the motor system in the ser-
vice of goal-directed behavior, labeled motor control—fluency—
syntax in the model, The motor control - fluency —syntax compo-
nent emphasizes not only the features of control or management
of the motor system which these executive functions afford but
also the synthetic capacity for generating a diversity of novel,
complex responses and their sequences in a goal-directed man-
ner. Such complex behavior requires a syntax that is placed for
now within the reconstitution component of the model that must
be translated into actual motor responding. So the generation of
behavioral syntax is placed under the reconstitution component,
whereas its translation into the actual execution of motor syntax
is placed within the motor control component.

These functions originate within the brain’s motor system,
broadly construed (prefrontal and frontal cortex). However,
they may also produce effects beyond the motor system, such
as on the sensory—perceptual, linguistic, memory, emotional,
and other brain systems in an executive, managerial manner to
the extent that the regulation of those other brain systems is
necessary for the execution of goal-directed behavior Thus,
although the memory, linguistic, spatial, emotional, or even per-
ceptual systems are viewed as brain systems relatively indepen-
dent of the prefrontal cortex, these nonexecutive systems may
be influenced by the executive system as needed in the service
of goal-directed behavior.

The model is shown in Figure 1, along with the subfunctions
believed to take place within each component. I have already
described most of these subfunctions, but a few have been added
or modified slightly, particularly in the domains of the self-
regulation of affect and in the internalization of speech, and so
require brief clarification here.

Behavioral Inhibition

As previously defined, behavioral inhibition in Figure 1 refers
to three inhibitory functions. These exert a direct controlling
influence over the motor system, hence the direct downward
arrow in Figure 1 between behavioral inhibition and motor con-
trol—-fluency —syntax. Behavioral inhibition, however, does not
directly cause the four intermediate executive functions to occur
but merely sets the occasion for their performance. Visibly rep-
resenting this crucial point, the lines connecting inhibition to
those four executive functions are blunted. But because those
executive functions produce direct and causal effects on motor
control, arrows connect each executive function with motor
control.

Self-Regularion of Affect—-Motivation—Arousal

This corponent includes Bronowski’s (1977) concept of the
separation and self-regulation of affect. Unlike Bronowski, how-
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ever, I believe that affect may not be completely separable from
the decision to respond or even from the response itself (see
Dimasio, 1994). Instead, a more self-regulatory role of the
executive system is stressed here in that emotions, once elicited,
come to be moderated or regulated by self-directed, executive
actions. Included in this component is also the self-generation
of drive or motivational and arousal states that support the exe-
cution of goal-directed actions and persistence toward the goal.
This combination into a single component makes some sense.
Lang {1995) cogently argued that the array of human emotions
can be reduced to a two-dimensional model, of which one di-
mension is motivation (reinforcement and punishrent) and the
other, level of arousal. So the ability to self-regulate and even
induce emotional states as needed in the service of goal-directed
behavior also may involve the ability to regulate and induce
motivation, drive, and arousal states in support of such behavior.
Thus, children may learn to create more positive emotional and
motivational stales in themselves when angered, frustrated, dis-
appointed, saddened, anxious, or bored by learning to manipu-
late the variables of which such negative states and their positive
alternatives are a function {Cole, Zahn-Waxler, & Smith, 1994;
Eisenberg et al., 1993; Kopp, 1989). Such self-directed actions
may involve efforts at self-comforting, self-directed speech, vi-
sual imagery, and self-reinforcement, among other means
(Kopp, 1989). This process of self-regulating affect may begin
as early as 5— 10 months of age ( Stifter & Braungart, 1995). Itis
also conceivable that children may learn to self-regulate arousal
levels for the purposes of goal accomplishment. This component
of the model, therefore, includes the following subfunctions, all
of which are performed in the service of goal-directed actions:
(a) the self-regulation of emotion, (b) a capacity for objectivity
and social perspective, (¢) the self-regulation of drive and moti-
vational states, and (d) the self-regulation of arousal.

Among the variety of human emotions, it may be the negative
ones that are most in need of such self-control (Kopp, 1989).
This is because negative affect may prove more socially unac-
ceptable and thereby produce more salient, long-term negative
social consequences for the individual relative to the positive
emotions, such as laughter or affection. In the immediate con-
text, such negative displays may achieve positive reinforcement
or, more likely, escape from or avoidance of aversive events
(Patterson, 1982, 1986).

Internalization of Speech

Fuster’s (1989) model had little to say about the internaliza-
tion of speech as a function of the prefrontal cortex. Bronowski
(1977}, however, stressed the uniqueness and importance of the
self-direction and internalization of speech and the profound
control it may exert on the individual’s behavior. Developmental
psychologists (Berk & Potts, 1991; Kopp, 1982) and develop-
mental neuropsychologists (Vygotsky, 1978, 1987) have like-
wise emphasized the importance of this process for the develop-
ment of self-control. So I have included it here. Berk and Potts
argued that the influence of private speech on self-control cer-
tainly may be reciprocal —inhibitory control contributes to the
internalization of speech, which contributes to even greater self-
restraint and self-guidance. Despite this reciprocity, initial pri-

macy within this bidirectional process is given here to behavioral
(motor) inhibition. Self-directed speech also is believed to pro-
vide a means for reflection, description, and self-questioning
through language, creating an important source of problem-
solving ability as well as a means of formulating rules and plans.
Eventually, rules about rules {metarules) can be generated into
a hierarchically arranged system that resembles the concept of
metacognition in developmental psvchoiogy (Flavell, Miller, &
Miller, 1993 ). The combination of internal speech with the pro-
spective function of working memory (forethought) may well
contribute to moral reasoning (the internalization of community
norms, mores, or morals). And so [ have listed these various
functions related to internal speech under this component of
Figure 1.

Although the progressive shift from public to private speech
is fascinating in its own right, a more important aspect of this
privatization may be the increasing control language comes to
have over motor behavior with development (Berk & Potts,
1991; Vygotsky, 1978). This control has been referred to within
behavioral analysis as rule-governed behavior (Cerutti, 1989,
Hayes, 1989; Skinner, 1953). Rules are defined as behavior
specifying stimuli. Language constitutes a large class of such
stimuli. Skinner hypothesized that this influence of langunage
over behavior occurs in three stages: (a) the control of behavior
by the language of others; (b) the progressive control of behav-
ior by self-directed and eventually private speech, as discussed
above; and (c) the creation of new rules by the individual, which
came about through the use of self-directed questions (second
order rules). Both Bronowski { 1977} and Skinner stressed two
important aspects of internalized speech. One was informa-
tional—the power of self-directed speech for description, re-
flection, and the creation of new rules by which to guide behav-
ior (problem solving). The other was instructive—the power
of these messages to actually control motor responses. Rule-
governed behavior appears to provide a means of sustaining
behavior across large gaps in time among the units of a behav-
joral contingency (event—response—consequence). By formu-
lating rules, the individual can construct novel, complex { hierar-
chically organized), and prolonged behavioral chains. These
rules can then provide the template for reading off the appro-
priate sequences of behavioral chains and can guide behavior
toward the attainment of a future goal (Cerutti, 1989). By this
process, the individual’s behavior is no longer under the total
control of the immediate surrounding context. Control of behav-
ior is now shifted to internally represented information (rules).
The control of behavior by the sense of past and future, as well
as by the more general rules or metarules formulated from them
or acquired through socialization, most likely makes some con-
tribution to the development of conscience and moral reasoning
{Hoffman, 1970; Kochanska, DeVet, Goldman, Murray, & Put-
nam, 1994).

Hayes (1989) and Cerutti (1989) stipulated a2 number of
specific effects on behavior that rule govemance produces.
These become important later as predictions from the model
about ADHD: {a) The variability of responses to a task is much
less when rule-governed behavior is in effect than when behav-
ior 1s contingency shaped (developed and maintained by the
environmental contingencies alone); (b) behavior that is rule
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governed may be less affected or entirely unaffected by the
immediate contingencies operating in a situation or by momen-
tary and potentially spurious changes in those contingencies;
(c) when rules and immediate contingencies compete in a given
situation, the rule is more likely to gain control over the individu-
al’'s behavior, and this will be progressively more the case as the
individual matures; (d) rule-governed responding under some
conditions may be rigid or inflexible, even if the rule being
followed is incorrect; and (e) self-directed rules permit individ-
vals to persist in responding under conditions of very low levels
of immediate reinforcement, or even in the absence of reward,
as well as during extreme delays in the consequences for
responding.

In short, self-directed rules assist with bridging temporal gaps
in behavioral contingencies and thus contribute to the cross-
temporal organization of behavior. The motor execution of such
verbal rules appears to be partially dependent on the capacity
to retain them in working memory and to inhibit prepotent or
irrelevant responses that compete with the rule (Zelazo, Rez-
nick, & Pinon, 1995).

Motor Control—-Fluency—Syntax

The self-directed and frequently private actions constituting
these four executive components serve to create a shift in the
control of behavior, from control exclusively by the external
environment to control by internally represented information
{(Fuster, 1989, 1995; Godbout & Doyon, 1995; Goldberg &
Podell, 1995; Goldman-Rakic, 1995). Both sensory input as
well as motor behavior that is unrelated to the goal and its
internally represented behavioral structures become minimized
or even suppressed. This occurs not only during the performance
of these four executive functions but also during the execution
of the complex, goal-directed motor responses they generate.
Throughout the execution of goal-directed behaviors, working
memory permits the feedback from the last response(s) to be
held in mind (retrospective function) and fed forward (prospec-
tive function ) to modify subsequent responding; thus a sensitiv-
ity to errors is created. Just as important, when interruptions in
this chain of goal-directed behaviors oceur, the individual is able
to disengage, respond to the interruption, and then re-engage the
original goal-directed sequence because that plan has been held
in mind despite the interruption. Thus, inhibition sets the occa-
sion for the engagement of the four executive functions, which
then provide considerably greater control of behavior by the
internally represented information they generate.

Extension of the Model 10 ADHD

Tremendous progress has been made in the last 2 decades in
understanding the neuropsychological functions subserved by
the prefrontal cortex, This progress has led to the development
of theories for organizing and explaining these functions ( Fuster,
1989, 1995). Increasing evidence suggests that ADHD appears
to arise from abnormalities in the structure and function of the
prefrontal cortex and its networks with other brain regions,
especially the striatum (Castellanos et al., 1994; Heilman et al.,
1991; Lou et al., 1984, 1989; Rapoport, 1996; Seig et al., 1995;

Zametkin et al., 1990). A model of prefrontal executive func-
tions, therefore, should offer some promise as a model for under-
standing ADHD as well.

The hybrid mode! developed in Figure 1 predicts that the
deficiency in behavioral inhibition that characterizes ADHD
diminishes the effective deployment of the four executive abili-
ties that subserve self-control and poal-directed behavior. This
inhibitory deficit thereby indirectly disrupts the control of goal-
directed motor behavior by its influence on these executive func-
tions. As a consequence, the behavior of those with ADHD is
controlled more by the immediate context and its consequences
than is the behavior of others. The behavior of others, in contrast,
is more controlled by internally represented information, such
as hindsight, forethought, time, plans, ruies, and self-motivating
stimuli that ultimately provide for the maximization of future
net outcomes.

What follows is a brief review of the evidence that supports
the view of ADHD as a deficit in behavioral inhibition. This is
followed by a selective review of evidence linking behavioral
inhibition to each of the components of the present model. Fuster
(1689, 1995) and others (Goldberg & Podell, 1995; Goldman-
Rakic, 1993; Knights et al., 1995; Milner, 1995; Stuss & Benson,
1986) have reviewed a far more extensive body of evidence
from both animal and human neuropsychological research that
also supports the existence of these prefrontal functions and
their link to inhibitory processes. Maore important to the purpose
here, findings are reviewed that implicate the impairment of
these functions among those with ADHD.

ADHD and Deficient Inhibition

The evidence supporting a deficiency in behavioral inhibition
in ADHD comes from a number of sources. Many studies using
parent and teacher ratings of hyperactive and impulsive behav-
iors in children find these behaviors to cluster into a single
dimension, often called impulsive—hyperactive or undercon-
trolled behavior ( Achenbach & Edelbrock, 1983, 1985; Goyette,
Conners, & Ulrich, 1978; Hinshaw, 1987; Lahey et al., 1988,
1994). It is this dimension of behavior that, virtually by defini-
tion, distinguishes those with ADHD from others without it
(Hinshaw, 1987, 1994). This argument, however, is circular;
ratings of hyperactive—impulsive behavior are used to create a
diagnostic category of ADHD, and then those with ADHD are
found to differ on such ratings. The circularity is dealt with by
evidence of external validation from sources other than parent—
teacher ratings. Many studies that have used objective measures
have shown that children rated as being more hyperactive—
impulsive or who were clinically diagnosed as ADHD, in fact,
displayed a higher activity level than other children not so rated
or diagnosed (Gomez & Sanson, 1994; Porrino et al., 1983, see
Luk, 1985, for a review). ADHD children also talk more than
other children, whether to others (Barkley, Cunningham, &
Karlsson, 1983; Cunningham & Siegel, 1987) or out loud to
themselves (Berk & Potts, 1991; Copeland, 1979), and make
more vocal noises than do other children (Copeland & Weiss-
brod, 1978). All of this may be taken as evidence of poor
behavioral inhibition.

Children with ADHD, compared with controls, also have
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more difficulties restricting their behavior in conformance with
instructions to do so (Barkley & Ullman, 1975; Milich, Landauy,
Kilby, & Whitten, 1982; Routh & Schroeder, 1976; Ullman,
Barkley, & Brown, 1978), deferring gratification (Campbell,
Pierce, March, Ewing, & Szumowski, 19%4; Rapport, Tucker,
DuPaul, Merlo, & Stoner, 1986), and resisting temptation
(Campbell et al., 1994; Campbell, Szumowski, Ewing, Gluck, &
Breaux, 1982; Hinshaw, Heller, & McHale, 1992; Hinshaw,
Simmel, & Heller, 1995). Again, a significant deficit in inhibi-
tion, especially in situations where rewards are immediately
available for emitting impulsive responses, might be inferred
from these results.

Further evidence of poor inhibition in ADHD comes from
studies that used motor inhibition tasks, such as go—no-go para-
digms (Jabeni, Douglas, & Baker, 1995; Milich et al., 1994;
Shue & Douglas, 1989; Trommer, Hoeppner, Lorber, & Arm-
strong, 1988; Voeller & Heilman, 1988), the stop-signal task
(Oosterlaan & Sergeant, 1995; Schachar & Logan, 1990; Scha-
char et al,, 1993), the change paradigm (related to the stop-
signal paradigm; Schachar et al., 1995), and delayed response
tasks (Gordon, 1979; Schweitzer & Sulzer-Azaroff, 1995; So-
nuga-Barke, Taylor, & Hepinstall, 1992; Sonuga-Barke, Taylor,
Sembi. & Smith, 1992). Blurting cut incorrect verbal responses
and disrupting the conversations of others with such intrusive
responses are considered primary symptoms of impulsiveness
in those with ADHD (APA, 1994) and have been objectively
documented (Malone & Swanson, 1993).

Numerous studies also demonstrate that children with hyper-
activity or ADHD produce greater errors of commission on
continuous performance tasks, whether computerized ( Barkley,
1991; Barkley, DuPaul, et al., 1990; Barkley et al., 1992; Grod-
zinsky & Diamond, 1992; Robins, 1992; see Corkum & Siegel,
1993, for a review) or given by paper and pencil such as letter
cancellation tasks (Aman & Turbott, 1986; Brown & Wynne,
1982; Carte, Nigg, & Hinshaw, in press; Keogh & Margolis,
1976). However, results for the latter tasks, particularly when
self-paced, have proven contradictory (Gomez & Sanson, 1994;
van der Meere, Wekking, & Sergeant, 1991). Problems with
response inhibiticn in children with ADHD have even been
noted on tasks that assess more molecular motor movements,
such as occular gaze shifts on delayed response tasks (Ross,
Hommer, Breiger, Varley, & Radant, 1994).

Poor behavioral inhibition likewise should be evident in defi-
cient performances in learning under passive versus active avoid-
ance paradigms. Here passivity or the inhibiting of a response
is required to terminate, escape, or avoid punishment. In such
tasks, thase with ADHD have been found to show more such
punished trials than is normal (Freeman & Kinsbourne, 1990;
Milich et al., 1994). Poor behavioral inhibition also should be
evident when a task requires stopping an ongoing response when
signalled to do so or when feedback suggests that the response
is ineffective or maladaptive. Many studies of those with ADHD
have noted them to have such difficulties (Oosterlaan & Ser-
geant, 1995; Schachar & Logan, 1990; Schachar et al., 1993,
1985).

The stopping of an ongoing response pattern is required in
the performance of the Wisconsin Card Sorting Test (WCST).
Patients with frontal lobe damage often have difficulties on this

test, and its performance has been associated with activation of
the dorsolateral prefrontal cortex (Berman et al., 1995). Chil-
dren with ADHD seem to have difficulties performing the
WCST as well. Barkley et al. {1992} reviewed 13 studies that
used the WCST, 8 of which found significant differences be-
tween ADHD and control participants. Methodological prob-
lems, such as low statistical power due to small samples and
diverse age groups, may well have limited some of the studies
that yielded nonsignificant findings. Performance on this test
has been shown to improve with age in both children with
ADHD and controls (Seidman et al., 1996). Family history of
ADHD may also determine the severity of results (Seidman et
al., 1996). Even so, of 6 additional studies of ADHD that used
the WCST, 4 (Krener, Carter, Chaderjian, Wolfe, & Northcutt,
1993; McBurnett et al., 1993; Seidman et al., 1995, 1996) also
found differences between ADHID and control groups on this
test; the remaining 2 did not (Narhi & Ahonen, 1995; Pen-
nington et al., 1993). Although the evidence is not entirely
consistent, the weight of the evidence shows those with ADHD
to have a problem with response perseveration, despite feedback
about errors.

In keeping with this interpretation, Sergeant and van der
Meere (1988) found that children with ADHD performing an
information-processing task were less likely to alter their subse-
quent responding when they made an error than were children
in the control group. Response perseveration in those with
ADHD also has been demonstrated in research with the card-
playing task (Milich et al., 1994). Similarly, patients with pre-
frontal lobe injuries have been noted to show persistence in a
previously reinforced response pattern, even though the contin-
gencies changed and they could verbally report that such
changes occurred (Dimasio, 1994; Rolls, Hornak, Wade, &
McGrath, 1994).

According to Fuster (1989), the failure to adjust motor perfor-
mance given feedback concerning its ineffectiveness may actu-
ally reflect an interaction between behavioral inhibition and the
retrospective—prospective functions of working memory. The
individual fails to hold in mind information on the success of
his or her responding on the immediately preceding trials {retro-
spection), which then feeds forward to influence or even stop
immediately future responses (prospection leading to inhibi-
tion). If correct, this suggests that the cessation, shifting, and
re-engagement of ongoing responses according to task feedback
belongs under the motor control compenent of the model as an
effect of working memory on this component. Regardless, this
separation of motor shifting and re-engagement from behavioral
inhibition has recently been demonstrated in children with
ADHD, who were inferior to controls in both processes (Scha-
char et al., 1995). A distinction between the two processes also
suggests that the perseverative responding seen on the WCST
by those with ADHD may be less reflective of poor inhibition
and more reflective of deficient working memory —an interpre-
tation more consistent with neuroimaging research involving
this test (Berman et al., 1995).

Evidence of Poor Interference Control

Evidence for poor interference control in those with ADHD
comes from several sources. Studies that used the Stroop Color—
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Word Interference Test with children having ADHD nearly al-
ways found them to perform poorly on this test. In a previous
review (Barkley et al., 1992), six such studies were located,
five of which found children with ADHD to take more time and
make more errors than control children during the interference
portion of the task. Four more studies produced similar results
(Krener et al., 1993; Leung & Connolly, 1996; Pennington et
al., 1993; Seidman et al., 1996). The consistency of such find-
ings across studies is striking despite differences in cultures,
group selection procedures, and sample sizes. It suggests that
a deficiency in the control of interference from prepotent re-
sponses is reliably associated with ADHD. Group differences
could not be attributed to comorbid learning or conduct disor-
ders (Leung & Conneolly, 1996; Pennington et al., 1993; Seidman
et al.,, 1996), which argues for the specificity of these differ-
ences to ADHD. Neuroimaging research with this task has iden-
tified the orbital—prefrontal regions, particularly the right pre-
frontal region, as being involved in its performance (Bench et
al., 1993; Vendrell et al., 1995). Other neuroimaging studies
have found these regions to be significantly smaller than normal
in children with ADHD (Castellanos et al., 1994; Rapoport,
1996).

The capacity to maintain performance toward a task despite
distraction might also serve as an indicator of poor interference
control. Whether or not distractors disrupted task performance,
however, would depend on the prepotency of the response likely
to be elicited by the distracting event as well as the extent
to which any executive functions taking place during the task
performance required protection from such interference. Those
task-related factors calling for such executive control might be
temporal delays, temporally related conflicts in consequences,
and problem-solving tasks requiring the formulation of novel,
complex responses. Research on ADHD suggests that distrac-
tions outside of the immediate task materials are unlikely to
differentially affect the performances of children with and with-
out ADHD; distractions embedded within the task seem more
likely to do so (Leung & Connolly, 1996). The more salient
the type of distraction, the more it occurs within the task; or
the more that time and delays occur within the task parameters,
the greater the likelihood that distractors will interfere with the
task performance by ADHD children {Barkley, Koplowicz, &
Anderson, 1996; Bremer & Stern, 1976; Cohen, Weiss, &
Minde, 1972; Landau, Lorch, & Milich, 1992; Rosenthal &
Allen, 1980; Steinkamp, 1980). Other evidence of poor interfer-
ence control in ADHD might have been found in a study of
college students with ADHD who had more task-irrelevant
thoughts during performance of a continuous performance test
than did the control group (Shaw & Giambra, 1993). Although
this might imply poor interference control over internal sources
of distraction, other interpretations could account for these
findings.

The studies reviewed above indicate that children with ADHD
have difficulties with behavioral inhibition on various tasks ( see
also Pennington & Ozonoff, 1996}. Is there evidence for the
inverse relationship as well? That is, do young children with
poor behavioral inhibition have a higher likelihood of having
symptoms of ADHD? Some studies suggest that this may be
the case. Young children identified as more impulsive and less

able to delay responses, particularly in resisltance-to-temptation
tasks, have been rated by others as displaying higher levels of
ADHD symptoms both concurrently and later in development
(Campbell & Ewing, 1990; Mischel, Shoda, & Peake, 1988;
Mischel, Shoda, & Rodriguez, 1989; Shoda, Mischel, & Peake,
1990; Silverman & Ragusa, 1991). Likewise, children with
higher levels of activity at Age 2 displayed less self-control at
Age 7 (Halverson & Waldrop, 1976).

To summarize, the evidence that ADHD involves impaired
behavioral inhibition seems compelling, arising as it does from
multiple studies, methods, and sources. Suggestive evidence
from developmental psychology also points to the inverse rela-
tionship as well, that early deficits in behavioral inhibition may
be predictive of risks for later ADHD symptoms.

Working Memory

The hybrid model in Figure 1 predicts that poor behavioral
inhibition, as in ADHD, should lead to secondary deficiencies
in working memory and its subfunctions. (a) Children with
ADHD should be more influenced by context and less controlled
by internally represented information than same-age peers with-
out ADHD. (b) Children with ADHD should be more influenced
by immediate events and their consequences than by those more
distant in time. (c) Those with ADHD should be less likely to
recall and hold in mind information about the past (hindsight)
for the formulation of a plan in the future (forethought and
planning). (d} Anticipatory or preparatory behaviors founded
on such planning should be less evident in those with ADHD,
so motor presetting in anticipation of the arrival of future events
should likewise be less proficient. (¢) A form of temporal myo-
pia should exist in children with ADHD, in that behavior is
more controlled by the temporal ‘‘now"’ than by interally rep-
resented information pertaining to the past, the future, and the
sense of time. (f) Children with ADHD should exhibit less
control of behavior by time and more deficient organization of
behavior relative to time. (g) Performance under cross-temporal
(if—then) contingencies should be less effective in those with
ADHD because they cannot bridge the delays in the contingen-
cies, using internally represented information. And (h) the larger
the delays in time that separate the components of a behavioral
conlingency (events, responses, and their consequences), the
less successful those with ADHD shouid be in effectively man-
aging those tasks. There should also be less ability to success-
fully persist in goal-directed bebavior in those with ADHD. And
even when those with ADHD undertake goal-directed behavior,
it should be subject to greater interference by sources of disrup-
tion in both the external and internal environments and result
in less success at goal attainment.

The model in Figure 1 predicts six additional deficits in asso-
ciation with ADHD: (a) There should be an inability to imitate
lengthy sequences of goal-directed behavior demonstrated by
others, given that such sequences cannot be held in mind as well
for the orchestration of their execution. (b) The sense of time
should be impaired. (¢) Information recalled from memory (ret-
rospective function) should be temporally disorganized —that
is, the very syntax of recall should be deficient. (d) Conse-
quently, the syntax of motor planning and execution should like-
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wise be disorganized. (e) Discourse with others should reflect
fewer references to time, the past, and especially the future. And
(f} significant deficiencies should exist in the performance of
those social skills (i.e., sharing, cooperation, etc.) as well as
other adaptive behaviors (i.e., concern for safety, health con-
sciousness, etc.) that are predicated on the valuation of future
personal and social consequences over immediate ones. The
knowledge of those social and adaptive skills or behaviors is
not at issue here; that knowledge should not be deficient in those
with ADHD. It is the application of that knowledge in day-to-
day functioning that should be impaired. The problem, then, for
those with ADHD is not one of knowing what to do but one of
doing what you know when it would be most adaptive to do so.
This same problem is typical of patients with injuries to the
prefrontal cortex (Delis, Squire, Bihrle, & Massman, 1992;
Stuss & Benson, 1986).

Is there evidence for these predicted deficiencies in impulsive
individuals or in those with ADHD? There is limited evidence,
mainly because little research has specifically sel out to test
these predictions. Research on young children suggests that
measures of response inhibition (resistance to temptation) ap-
pear to be significantly and positively associated with measures
of memory for spatial location or working memory (Lee,
Vaughan, & Kopp, 1983). The performance of delayed response
tasks also requires waiting for a reward while keeping in mind
its hidden location. Children as young as 18—30 months of age
demonstrate both the presence of such working memory and its
apparent dependence on response inhibition (Diamond, Crutten-
den, & Neiderman, 1994),

Working memory has often been assessed in neuropsychologi-
cal research with the following tasks: retention and oral repeti-
tion of digit spans (especially in reverse order); mental arithme-
tic, such as serial addition; locating stimuli within spatial arrays
of information that must be beld in memory; and holding se-
quences of information in memory to properly execute a task,
as in self-ordered pointing tasks (see Becker, 1994; and Milner,
1995). Consistent with the model, children with ADHD appear
to be less proficient in mental arithmetic { Ackerman, Anhalt, &
Dykman, 1986; Barkiey, DuPaul, et al., 1990; Mariani & Bark-
ley, in press; Zentall & Smith, 1993). Both children and adults
with ADHD have also shown more difficulties with repetition
of digil spans (particularly backwards; Barkley, Murphy, &
Kwasnik, 1996; Mariani & Barkley, in press; Milich & Loney,
1979), memory for spatial location (Mariani & Barkley, in
press), and memory for finger-pointing or hand-movement se-
quences than have control group participants (Barkley, Mur-
phy, & Kwasnik, 1996; Breen, 1989; Grodzinsky & Diamond,
1992; Mariani & Barkley, in press).

The Freedom From Distractibility factor of the Wechsler In-
telligence Scale for Children—Revised comprises tests of digit
span, mental arithmetic, and coding. These tests entail the use
of working memory, among other mental functions. Children
with ADHD score more poorly on this factor than do those
without ADHD { Anastopoulos, Spisto, & Maher, 1994; Lufi,
Cohen, & Parish-Plass, 1990; Milich & Loney, 1979). By them-
selves, such findings might suggest a variety of problems besides
working memory (i.e., deficient arithmetic knowledge, slow mo-
tor speed, etc.). However, Zentall and Smith (1993 ) were able

to rule out these potential confounding factors in their study of
mental computation in children with ADHD, thus giving greater
weight to deficient working memory in ADHD,

The Tower of Hanoi and Tower of London tasks require that
individuals be able to mentally represent and test out various
ways of removing and replacing disks on a set of pegs or spin-
dles before undertaking the actual motor execution of the re-
arrangement. Patients with injuries to the prefrontal cortex often
have difficulty performing these tests { Goel & Grafman, 1995;
Levin et al., 1994}, and neuroimaging research has found activa-
tion of the prefrontal cortex to be involved in their performance
(Morris, Ahmed, Syed, & Toone, 1993). Studies of ADHD that
used these tasks found children with ADHD to perform both
tasks more poorly than children without ADHD (Brady & Den-
ckla, 1994; Pennington et al., 1993; Weyandt & Willis, 1994).
The tasks have been interpreted (Pennington et al., 1993) as
taxing three of the processes represented in the model: working
memory, problem sclving, and planning. Others, however, be-
lieve the Tower of London task at least reflects difficulties in
inhibiting prepotent responses (Goel & Grafman, 1995).

The storage and recall of simple information in memory tests
has not been found to be impaired in those with ADHD (Barkley,
DuPaul, et al., 1990; Cahn & Marcotte, 1995; Douglas, 1983,
1988). Instead, it seems that when more, and more complex,
information must be held in mind, especially over a lengthy
delay period, deficits become evident (Douglas, 1983, 1988;
Seidman et al., 1995, 1996). Also, when strategies are required
for organizing material so as to remember it more effectively,
those with ADHD perform less well than controls (August,
1987; Benezra & Douglas, 1988; Borcherding et al., 1988;
Dougias, 1983; Douglas & Benezra, 1990; Felton, Wood,
Brown, Campbell, & Harter, 1987; Frost, Moffitt, & McGee,
1989, Shapiro, Hughes, Angust, & Bloomquist, 1993).

The use of strategies by children with ADHD to organize
complex material has primarily been studied with verbal infor-
mation. Some studies, however, have used the Rev—-Osterrieth
Complex Figure Drawing Test. A number of studies of ADHD
have identified organizational deficits (Douglas & Benezra,
1990; Grodzinsky & Diamond, 1992; Seidman et al., 1996},
but a few others have not (Moffitt & Silva, 1988) or have
found deficits only in children with ADHD and reading disorders
(McGee, Williams, Moffitt, & Anderson, 1989). The two stud-
ies that found nonsignificant results used samples drawn from
community screenings of children, whereas those studies that
found differences used clinic-referred samples, which perhaps
may explain these discrepant results.

As noted earlier, the incapacity to hold information in mind
in those with ADHD creates a disability in imitating complex
and lengthy behavioral sequences performed by others that may
be novel to the individual. 1 found no studies of ADHD that
expressly tested this prediction. However, several studies have
found that children with ADHD are less proficient at imitating
increasingly lengthy and novel sequences of simple motor ges-
tures than are children without ADHD (Breen, 1989; Grodzin-
sky & Diamond, 1992; Mariani & Barkley, in press). Adults
with ADHD have also been shown to be less abie to replicate
increasingly longer sequences involving pointing to locations
than are adults without ADHD (Barkley et al., in press). Though
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hardly definitive, such findings suggest that this prediction is
worth testing in future studies of ADHD.

Figure 1 also links poor inhibition with an impaired sense of
time (working memory). Gerbing, Ahadi, and Patton (1987}
also argued that the performance of time estimation—production
tasks may be related to impulsiveness, and White et al. (1994)
found some evidence supporting that argument. But more direct
evidence for an impairment in the sense of time in children with
ADHD has been found in two separate studies by Cappella,
Gentile, and Juliano (1977) and in three studies of mine, in
which both rating scales assessing the sense of time and its
regulation of child behavior and a time reproduction task similar
to that used by Zakay (1992) were used (Barkley, Koplowicz,
et al., 1996; Koplowicz & Barkley, 1995). In a fourth study, a
trend (p < .07) was found toward less accurate time estimations
by young adults with ADHD despite the limited statistical power
of that study. All of these studies had a number of significant
methodological flaws, which makes attempts at replication im-
perative, but their general consistency supports the hypothesis
about an impaired sense of time in ADHD.

The medel in Figure 1 also predicts that temporal delays
should more adversely affect the performance of those with
ADHD than that of controls. Numerous studies of ADHD have
found that both delays interposed in tasks and temporal uncer-
tainties produce poorer performances (Chee, Logan, Schachar,
Lindsay, & Wachsmuth, 1989; Gordon, 1979; Sonuga-Barke,
Taylor, & Hepinstall, 1992; Sonuga-Barke, Taylor, Sembi, &
Smith, 1992; van der Meere, Shalev, Borger, & Gross-Tsur, 1995;
van der Meere, Vreeling, & Sergeant, 1992, Zahn, Krusei, &
Rapoport, 1991). Although supportive of a deficit in time, tim-
ing, and the cross-temporal organization of behavior in those
with ADHD, such delays may simply create boredom and may
increase off-task behavior in children with ADHD that proves
detrimental to their performance, as suggested in Zentall’s
{1985) optimal stimulation theory.

Hindsight and forethought have not been well studied in those
with ADHD. But if in its most elementary form hindsight can
be taken to mean the ability to alter subsequent responses on
the basis of immediately past mistakes, then the research find-
ings imply a deficit in hindsight in those with ADHD. Children
with ADHD, like adults with prefrontal lobe injuries (Milner,
1993), are less likely to adjust their subsequent responses on
the basis of an immediately past incorrect response in an infor-
mation-processing task (Sergeant & van der Meere, 1988). The
findings of perseveration on the WCST, as noted earlier, also
suggest such a problem.

Research that used complex reaction time tasks with warning
stimuli and preparation intervals may be relevant to the construct
of forethought. In such research, children with ADHD often
failed to use the warning stimulus to prepare for the upcoming
response trial (Douglas, 1983), and longer preparatory intervals
were associated with poorer performance in children with
ADHD than in control children (Chee et al., 1989; van der
Meere et al., 1992; Zahn et al., 1991). The capacity to create
and maintain anticipatory set for an impending event also has
been shown io be impaired by ADHD (van der Meere et al.,
1992).

Maze performance may reflect planning ability or fore-

thonght. Some studies have found children with ADHD to per-
form poorly on maze tasks; others, however, have not (Barkley
et al., 1992; Grodzinsky & Diamond, 1992; Mariani & Barkley,
in press; McGee et al., 1989; Milich & Kramer, 1985; Moffit &
Silva, 1988). The young age of the participants may be a factor
in some of the negative findings (Mariani & Barkley, in press),
as may be the low power associated with the use of small
samples (n < 20 per group; Barkley et al., 1992; McGee et al.,
1989; Moffit & Silva, 1988). As noted earlier, the Tower of
Hanoi and Tower of London tasks may reflect the capacity to
plan or ‘‘look ahead’” (Pennington et al., 1993), and children
with ADHD performed poorly on these tasks. Although they are
hardly definitive, the findings reviewed here are at least sugges-
tive of deficiencies in hindsight, forethought, and planning
ability.

No researchers of ADHD have examined verbal references
to time, plans for the future, the future more generally, and other
aspects of hindsight and forethought in discourse with others.
Also, just how well those with ADHD are able to temporally tag
or organize their recall and internal representation of sequential
events has not been studied. Such deficits are common in pa-
tients with prefrontal lobe injuries (Gershberg & Shimamura,
1995; Godbout & Doyon, 1995), however, which argues for
their likely impairment in those with ADHD as well. Recent
research on the verbal discourse of children with ADHD ( Tan-
nock, 1996) found deficits in the children’s organization of
sequential material in the retelling of stories, which might imply
such a difficulty. Prior studies of narrative ability (Tannock,
Purvis, & Schachar, 1992) and elicited language (Zentall, 1988)
have also noted organizational deficits in children with ADHD.
Although organizational deficits in discourse are suggested by
these results, they may also reflect the presence of comorbid
language problems known to exist in a substantial minority of
children with ADHD (Cantwell, & Baker, 1992). Possibly rul-
ing against such an interpretation is that Tannock (1996) used
a control group of children with reading disorders who were
known to have language problems, and she still found greater
organizational deficits in the ADHD group.

The present model suggests that those with ADHD are less
well controlled by internally represented information than are
others. Like patients with prefrontal lobe injuries (Stuss & Ben-
son, 1986), those with ADHD may be more controlled by exter-
nal stimuli. For instance, patients with prefrontal injuries are
more likely than nonpatients to have objects in the surrounding
context elicit responses that may be appropriate as far as the
objects’ use is concerned but that are not appropriate in that
patticular context (e.g., opening an umbrella found inside an
examination room; Goldberg & Podell, 1995); such phenomena
are referred to as ‘‘utilization behavior”” The model predicts
that utilization behavior should be more evident in children with
ADHD, yet no research has been conducted on the issue. Such
research might profit from borrowing the methodologies used
to study this issue in patients with brain injury (see Goldberg &
Podell, 1995).

As noted earlier, those with ADHD have more trouble doing
what they know than knowing what to do. Suggestive of this
are past studies that have found hyperactive—impulsive children
to be more prone 1o accidents than children who are not so
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diagnosed (Bijur, Golding, Haslum, & Kurzon, 1988; Gayton,
Bailey, Wagner, & Hardesty, 1986; Methany & Fisher, 1984;
Taylor, Sandberg, Thorley, & Giles, 1991), yet hyperactive—
impulsive children are not deficient in their knowledge of safety
or accident prevention (Mori & Peterson, 1995). Barkley et al.
(in press) also found that teens and young adults with ADHD
have significantly more motor vehicle accidents and exhibit
other driving risks (speeding) but demonstrate no deficiencies
in their knowledge of driving, safety, and accident prevention.

Self-Regulation af Affect—Motivation-Arousal

Inhibition is important in the development of emotional self-
regulation (Kopp. 1989). Figure 1 makes the following predic-
tions about those who have deficiencices in inhibition, as in
ADHD. They should show (a) greater emotional reactivity to
emotionally charged immediate events; (b) fewer anticipatory
emotional reactions to future emotionally charged events (in
view of the decreased capacity for forethought); (¢) decreased
ability to act with the impact of their emotions on others in
mind; (d) less capacity to induce and regulate emotional, drive
or motivational, and arcusal states in the service of goal-directed
behavior (the further away in time the goal, the greater the
incapacity to sustain the arousal and drive toward the goal);
and, the corrollary of d, (e) a greater dependence on external
sources affecting drive, motivation, and arousal that are within
the immediate context in determining the degree of persistence
of effort in goal-directed actions.

Only a few of these predictions have been examined in re-
search. The development of inhibition has been shown to be
important for developing self-regulation of emotion and motiva-
tion ( see Garber & Dodge, 1991; Kopp, 1989; and Mischel et al.,
1989, for reviews ). Preschool children’s emotional responses to
disappointment also have been shown to be related to self-
regulation and disruptive behavior patterns (Cole et al., 1994).
Similarly, children’s emotional intensity and negative emotion
have also been related to teacher ratings of interference control
(Eisenberg et al., 1993). And Shoda et al. {1990) also found
significant associations between inhibition in a resistance-to-
temptation task in children’s preschool years and parent ratings
of the same children’s emotional control and frustration toler-
ance at adolescence.

More evidence of a link between inhibition and emotional
self-regulation comes from research on neurologically injured
patients. Disorders of emotion are common in individuals with
injury sustained to the prefrontal cortex, which suggests that
this region is critical not only for inhibition but for the self-
control of emotion (Fuster, 1989; Rolls et al., 1994; Stuss &
Benson, 1986). The emotional changes secondary to frontal
lobe injury can be grouped into three types of disturbance:
(a) disorders of drive or motivation, {b) subjective emotional
experience (mood), and (c) emotional expression (affect;
Stuss, Gow, & Hetherington, 1992 ). Emotional hyperreactivity,
irritability, low frustration tolerance, loss of emotional self-
control, and lack of concern for others (Rolls et al., 1994) are
commonly noted in such patients. Although these findings are
suggestive of a link between behavioral inhibition and emotional
self-regulation, they do not confirm it.

Irritability, hostility, excitability, and a general emotional hy-
perresponsiveness toward others have been frequently described
in the clinical literature on ADHD (see Barkley, 1990; Still,
1902). Douglas (1983, 1988} anecdotally observed and later
objectively documented the tendency of children with ADHD
to become overaroused and excitable in response to rewards and
to be more visibly frustrated when past rates of reinforcement
declined (Douglas & Parry, 1994; Wigal et al., 1993, cited in
Douglas & Parry, 1994), Rosenbaum and Baker (1984) also
reported finding greater negative affect expressed by children
with ADHD during a concept learning task involving noncontin-
gent negative feedback. And Cole et al. (1994 ) found that levels
of negative affect were significantly and positively correlated
with symptoms of and risk for ADHD but only in boys. The
opposite proved true for girls.

The foregoing studies intimate that emotional self-control
may be problematic for children with ADHD. However, children
with ADHD may experience a greater number of failures on
such tasks because of their other cognitive deficits (working
memory) or comorbid learning disabilities that could lead to
greater frustration and other negative emotional reactions. Future
researchers must therefore take care to equate the levels of suc-
cess between children with and without ADHD before conclud-
ing that children with ADHD are more emotional during their
performance on leaming tasks.

Greater emotional reactivity has been reported as well in the
social interactions of children with ADHD. E. J. Mash ( personal
communication, February 1993) found that children with
ADHD displayed greater emotional intonation in their verbal
interactions with their mothers than children without ADHD.
Studies of peer interactions have also found children with
ADHD, compared with those without ADHD, to be more nega-
tive and emotional in their social communications with peers
(Pelham & Bender, 1982). The commonly noted association of
ADHD with defiant and hostile behavior ( for reviews, see Bark-
ley, 1990; and Hinshaw, 1987) may, at least in part, stem from
a deficiency in emotional self-regulation in those with ADHD.,
Again, however, these findings are merely suggestive rather than
confirmatory of such a link.

The model also predicts that the perception of others” emo-
tions will not be affected by ADHD because such perception is
nonexecutive in nature. The only study of this issue of which I
am aware supports this view (Shapiro et al., 1993), but caution
must be exercised, given the many possible explanations for a
failure to reject the nuli hypothesis.

As for ADHD being associated with less drive, motivation, or
effort in the performance of goal-directed behaviors, researchers
have frequently commented on the appearance of such difficult-
ies when those with ADHD perform repetitive tasks that involve
little or no reinforcement ( Barber, Milich, & Welsh, 1996; Bark-
ley, 1990; Douglas, 1972, 1983, 1988). Written productivity in
arithmetic tasks, in particular, may be taken as a measure of
persistence; those with ADHD are often found to be less produc-
tive on such tasks than control children (Barkley, DuPaul, et al.,
1990). Multiple studies alsc have documented an impairment in
persistence of effort in laboratory tasks with children with
ADHD (August, 1987; Barber et al., 1996; Borcherding et al.,
1988; Douglas & Benezra, 1990; Milich, in press; van der
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Meere, Hughes, et al., 1995; Wilkison, Kircher, McMahon, &
Sloane, 1995). Thus, the evidence for difficulties in the self-
regulation of motivation (effort) in those with ADHD is fairly
impressive.

Tt is possible that this component of the model (self-regulation
of motivation) provides an explanation for the apparent insensi-
tivity to reinforcement reported in some studies of children with
ADHD (see Barkley, 1989; Douglas, 1988; Haenlein & Caul,
1987; and Sagvolden, Wultz, Moser, Moser, & Morkrid, 1989,
for reviews). Studies that used varying schedules of reinforce-
ment typically found that children with and without ADHD
did not differ in their task performances under immediate and
continuous reward (Barber et al., 1996; Cunningham & Knights,
1978; Douglas & Parry, 1983, 1994; Parry & Douglas, 1983).
In contrast, in some studies when partial reinforcement was
introduced, the performance of children with ADHD declined
relative to that of children without ADHD (Parry & Douglas,
1983; Freibergs & Douglas, 1969). Just as many studies, how-
ever, did not find this decline (Barber et al., 1996; Pelham,
Milich, & Walker, 1986) or found that the difficulty of the task
moderated the effect (Barber & Milich, 1989). In a similar
vein, the performance of children with ADHD during relatively
tedious tasks involving little or no reward was often enhanced
by the addition of reinforcement, yet so was the performance
of children without ADHD (Carlson & Alexander, 1993; Iaboni
et al., 1995; Kupietz, Camp, & Weissman, 1976; Pelham et al.,
1986; Solanto, 1990; van der Meere, Hughes, Borger, & Sallee,
1995). These findings have been interpreted as suggesting that
children with ADHD have a reduced sensitivity to reinforcement
(Haenlein & Caul, 1987) or are dominated by immediate rein-
forcement (Douglas, 1983; Sagvolden et al.,, 1989). But the
similar enhancement of the performance of children without
ADHD by reward in some studies has challenged this interpreta-
tion (Pelham et al., 1986; Solanto, 1990). Douglas (Iaboni et
al.,, 1995) also did not find the predicted reward dominance
effect in those with ADHD.

The model in Figure 1 suggests a more plausible explanation
for these results. It focuses on the observations that the perfor-
mance of children without ADHD is superior to that of those
with ADHD under conditions of little or no reward and may
be less affected by reductions in schedules of reinforcement
depending on the task duration and its difficulty level. This may
result from children without ADHD developing the capacity
to bridge temporal delays between the elements of behavioral
contingencies through the executive functions in the model.
Combined with working memory as well as self-directed speech
and the rule-governed behavior it permits, the self-regulation of
motivation may allow children without ADHD not only to retain
the goal of their performance in mind and subvocally encourage
themselves in their persistence but also to create the drive neces-
sary for such persistence. This line of reasoning suggests that,
across development, the behavior of those with ADHD remains
more contingency shaped, or more under the control of the
immediate and external sources of reward, than does the behav-
ior of children without ADHD. Children without ADHD are
becoming increasingly rule governed and internally controlled.
Therefore, it is not that children with ADHD are less sensitive to
reinforcement or are dominated by a tendency to seek immediate

rewards. Rather, they have a diminished capacity for self-regula-
tion of motivation {effort) as well as poorer working memory
and internalized self-speech, all of which assist with bridging
delays in reinforcement and permit the persistence of goal-di-
rected acts despite a dearth of immediate reinforcement for
doing so.

Concerning the self-regulation of arousal, some evidence does
exist for possible problems in those with ADHD in the regula-
tion of central and autonomic nervous system arousal for meet-
ing task demands. Multiple reviews of the psychophysiological
(Brand & van der Vlugt, 1989; Hastings & Barkley, 1978; Klor-
man et al., 1988; Rosenthal & Allen, 1978; Rothenberger, 1995)
and cognitive ( Douglas, 1983, 1988) literatures have concluded
that children with ADHD show greater variability in central and
autonomic arousal patterns and seem underreactive to stimula-
tion in evoked response paradigms, particularly in the later P300
features of the evoked response. These P300 characteristics have
been shown to be associated with frontal lobe activation (Klor-
man, 1992; Klorman et al., 1988; Knights et al., 1995). Children
with ADHD, relative to control groups, have also been shown
to display less anticipatory activation on electroencephalograms
in response to impending events within tasks, known as the
contingent negative variation (CNV) or ‘‘expectancy’” wave
(Hastings & Barkley, 1978), and to have less recruiting of
psychophysiological activity over the frontal regions when nec-
essary for appropniate task performance (Brand & van der
Vlugt, 1989; Rothenberger, 1995). Studies that used positron
emission tomography (PET) to measure brain activity also
found diminished brain activation in adults as well as in adoles-
cent girls with ADHD (Ernst et al., 1994; Zametkin et al.,
1990). Results obtained with adolescent boys were more equiv-
ocal (Zametkin et al., 1993). Similarly, studies that used cere-
bral blood flow to measure brain activity found decreased perfu-
sion of the frontal regions and striatum in those with ADHD
(Lou et al., 1984, 1989; Seig et al., 1993). The evidence avail-
able to date is certainly suggestive of problems in the regulation
of arousal or activation in those with ADHD, with much of this
evidence implicating frontal lobe underactivity,

Internalization of Speech

The association of uninhibited behavior with less mature setf-
directed speech, rule governance of behavior, and moral reason-
ing, as stipulated in Figure 1, has been suggested in studies of
school children (Kochanska et al., 1994; Weithorn & Kagen,
1984; Zelazo et al., 1995). The few studies dealing with these
issues in hyperactivity or ADHD have also found such an imma-
turity (Berk & Potts, 1991; Copeland, 1979; Gordon, 1979;
Rosenbaum & Baker, 1984). Furthermore, children with ADHD
are less compliant with directions and commands given by their
mothers than are those without ADHD (see Danforth, Bark-
ley, & Stokes, 1991, for a review). Children with ADHD are
also less able to restrict their behavior in accordance with exper-
imenter instructions to do so during lab playroom observations
when rewarding activities are available for not doing so (see
Luk, 1985, for a review). And in studies noted earlier, children
with ADHD were found to be much less able to resist forbidden
temptations than were same-age peers without ADHD. Such
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rule following seems to be particularly difficult for children
with ADHD when the rules compete with rewards available for
rule violation { Hinshaw et al., 1992, 1995}, These resulis might
indicate problems with the manner in which rules and instruc-
tions control behavior in children with ADHD.

Further evidence consistent with delayed rule-governed be-
havior comes from studies showing that children with ADHD
are less adequate at problem solving {Douglas, 1983; Hamlett,
Pellegrini, & Conners, 1987; Tant & Douglas, 1982) and are
also less likely to use organizational rules and strategies in
their performance of memory tasks ( Angust, 1987; Douglas &
Benezra, 1990; Voelker, Carter, Sprague, Godowski, & Lachar,
1989), panticularly where effort must be applied in doing so
{Butterbaugh et al., 1989). Problem sclving and the discovery
of such strategies may be a direct function of rule-governed
behavior (Cerutti, 1989}. Similar deficits have also been noted
in patients with prefrontal injuries (Delis et al., 1992; Verin et
al., 1993),

Consistent with the predictions of Hayes ( 1989) noted earlier
concerning the specific effects of rule governance on behavior,
children with ADHD seem to (a) demonstrate significantly
greater variability in patterns of responding to laboratory tasks,
such as those involving reaction time or continuous performance
tests (see Corkum & Siegel, 1993; Douglas, 1983; and Doug-
las & Peters, 1979, for reviews; van der Meere & Sergeant,
1988b, 1988¢; Zahn et al., 1991); (b) perform better under
conditions of immediate versus delayed rewards; {¢) have sig-
nificantly greater problems with task performance when delays
are imposed within the task and as these delays increase in
duration; {d) display a greater and more rapid decline in task
performance as contingencies of reinforcement move from being
continuous to intermittent; and (e) show a greater discuption in
task performance when noncontingent consecuences occur dur-
ing the task (see Barkley, 1989; Douglas, 1983; Haenlein &
Caut, 1987; and Sagvolden et al., 1989, for reviews; see ailsc
Douglas & Parry, 1994; Freibergs & Douglas, 1969; Parry &
Douglas, 1983; Schweitzer & SulzerAzaroff, 1995; Sonuga-
Barke, Taylor, & Hepinstall, 1992; Soouga-Barke, Taylor
Sembi, & Smith, 1992; Zahn et al., 1991). The difficulties that
children with ADHD have working for delayed rewards in
delay-of-gratification tasks have also been previously noted
(Rapport et al., 1986).

However, as discussed earhier, others have not found evidence
for d above—that partial reinforcement schedules are necessar-
ily detrimental to the task performances of children with ADHD
relative to their performance under continuous reinforcement
( Barber et al., 1996; Cunmingham & Kaights, 1978; Douglas &
Parry, 1983; Pelham et al., 1986). Instead, the schedule of rein-
forcement appears to interact with task difficully in determining
the effect of reinforcement on performance by children with
ADHD (Barber & Milich, 1989). It is also possible, as sug-
gested earlier, that differences in the delay periods between rein-
forcement contribute to these inconsistent findings; if delay in-
tervals are sufficiently brief, no differences between children
with ADHD and without ADHD under partial reinforcement
should be noted. So studies of reinforcement schedules and
children with ADHD cannot be interpreted in any straightfor-
ward fashion as supportive of the view that poor rule-governed

hehavior underlies any problem children with ADHD may have
with partial reinforcement schedules. As noted above, Barber et
al. (1996) suggested that an inability 1o sustain effort over time
may better explain these findings. And so these results seem
more suggestive of poor self-regulation of motivation.
Children with ADHD have been shown to have more diffi-
culty spontaneously developing a strategy to organize material
to be memorized (August, 1987). Even after being given an
organizational rule to follow and initially benefiting from its
usage in the task, children with ADHD eventually decline in
their adherence to the strategy in later trials (August, 1987).
Similarly, Conte ard Regehr (1991 ) found that hyperactive chil-
dren had more difficulties with transfering initially learned rules
to new Jearning tasks and required more hints to aid in the
transfer. Both studies imply a problem with the manner in which
rules are extracted and deployed by children with ADHD in
governing their own behavior. Comparable difficulties have also
been noted in patients with prefrontal lobe injuries (Gersh-
berg & Shimamura, 1995; Kesner, Hopkins, & Fineman, 1994},
Figure 1 indicates that internalized speech contributes to
moral reasoning, probably in concert with the retrospective and
prospective functions of working memory. Consistent with this
model, delays in moral development, especically if characterized
by hedonistic moral reasoning, have been found to be signifi-
cantly predictive of disruptive and aggressive classroom behav-
ior, diminished social competencies, and. consequently, dimin-
ished social status (Bear & Rys, 1994). Moral reasoning alse
has been shown to be less well developed in hyperactive—mpul-
sive children or those with ADHD (Hinshaw, Herbsman, Mel-
nick, Nigg, & Simmel, 1993; Nucci & Herman, 1982). That
this is due to deficient internalization of speech is less certain.

Reconstitution

Within the domain of verbal behavios, tests of verbal fluency,
confrontational story narratives or writing, joint peer communi-
cation tasks, or other situations and tasks that demand the accu-
rate and efficient communication of information should reflect
the process of reconstitution. This process should also be evident
in nonverbal behavior and in problem-solving tasks requiring
complex and novel motor sequences or goal-directed behavioral
creativity. This facility for the creation of mmultiple novel, com-
plex alternative response sequences, whether in language or mo-
tor behavior, is ofien impaired in patients with damage to the
prefrontal lobes (Fuster, 1989, 1995; Milner, 1995, Stuss &
Benson, 1986).

The model in Figure 1 predicts that those with ADHD alsc
should manifest greater difficulties with tasks, settings, and in-
terpersonal interactions in which reconstitution is essential.
There is evidence suggestive of just such deficiencies within the
domain of verbal behavior and discourse in those with ADHD.
Children with ADHD have been noted to perform more poorly
on tests of simple verbal fluency (Carte et al., in press; Grodzin-
sky & Diamond, 1992), although others have not documented
such differences (Fischer, Barkley, Edelbrock, & Smallish,
1990; Loge, Staton, & Beatty, 1990; McGee et al., 1989; Wey-
andt & Willis, 1994). The discrepancy in findings may pertain,
in part, to the type of fluency test used. Tests in which partici-
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pants generate words within semantic categories {Weyandt &
Willis, 1994), such as names for animals or fruits, are easier
and so are not as likely to discriminate between children with
ADHD and controls as are those that use more subtle organizing
cues, such as letters (Grodzinsky & Diamend, [992). Age may
also be a factor given that older children with ADHD may have
far fewer difficulties on such simple fluency tests than younger
children with ADHD (Grodzinsky & Diamond, 1992; Fischer
et al., 1990). Low statistical power and the use of nonclinical
samples (Loge et al., 1990; McGee et al., 1989) could also
have contributed to the inconsistencies in results across studies.
So it is not clear as yet that simple word fluency is impaired in
children with ADHD.

Studies of more complex language fluency and discourse or-
ganization, however, have been more likely to reveal problems
in children with ADHD. Children with ADHD, compared with
those without ADHD, appear to produce less speech in response
to confrontational questioning ( Tannock, 1996; Ludlow, Rapo-
port, Bassich, & Mikkelson, 1980), are less competent in verbal
problem-solving tasks (Douglas, 1983; Hamlett et al., 1987),
and are less capable of communicating task-essential informa-
tion to peers in cooperative tasks (Whalen, Henker, Collins,
McAunliffe, & Vaux, 1979). They also produce less information
and less organized information in their story narratives (Tan-
nock, 1996; Tannock et al., 1992; Zentall, 1988) and in describ-
ing their own strategies used during task performance ( Hamlett
et al., 1987). When no goal or task is specified, the verbal
discourse of children with ADHD does not appear to differ from
that of children without ADHD (Barkley et al., 1983; Zentall,
1988). I could find no studies of nonverbal motor or gestural
fluency and behavioral simulation in children with ADHD, how-
ever, 5o the predictions of the model for this domain of reconsti-
tution remain untested.

The evidence for a deficit in behavioral or verbal creativity,
as opposed to fluency, is considerably weaker, primarily because
so few researchers have examined the issue as well as because
of problems in the very definition of creativity itself (Brown,
1989). Creativity during free play (Alessandri, 1992) and per-
formance of nonverbal, figural creativity tasks (Funk, Chessare,
Weaver, & Exley, 1993) have been noted to be significantly
below normal levels in children with ADHD. However, Shaw
and Brown (1990) did not find a deficit in creativity in a small
sample of high-IQ children with ADHD. They did find that
those with ADHD gathered and used more diverse, nonverbal,
and poorly focused information and displayed higher figural
creativity. The use of so small a sample and of only bright
children with ADHD, however, hardly makes for a reasonable
test of this prediction. More research on creativity in ADHD is
clearly needed.

Mortor Control-Fluency—Synrax

Inhibition and the executive functions described in Figure 1
contribute greater control, timing, persistence, flexibility, nov-
elty, complexity, and syntax to motor actions that are goal di-
rected (Fuster, 1989, 1995), These effects may assist with the
development of ever finer, more varied and complex, and more
hierarchically organized patterns of motor responses directed

toward goals. Some evidence exists for a linkage of behavioral
inhibition with this type of motor control. In the research litera-
ture on ADHD, motor problems also have been noted ( Barkley,
DuPaul, et al., 1990; Hartsough & Lambert, 1985; Stewart, Pitts,
Craig, & Dieruf, 1966; Szatmari, Offord, & Boyle, 1989), but
they have rarely been discussed for their theoretical implications
except, perhaps, by Denckla (1985). Neurological examinations
for “‘soft’” signs related to motor coordination and motor over-
flow movements find children with ADHD to demonstrate more
such signs and movements than control children, including those
with purely learning disabilities (Carte et al., in press; Denc-
kla & Rudel, 1978; Denckla, Rudel, Chapman, & Krieger, 1985;
McMahon & Greenberg, 1977; Shaywitz & Shaywitz, 1984;
Werry et al., 1972). These overflow movements have been inter-
preted as indicators of delayed development of motor inhibition
(Denckla et al., 1985).

Studies that used tests of fine motor coordination, such as
balance, fine motor gestures, electronic or paper-and-pencil
mazes, and pursuit tracking, often found children with ADHD
to be less coordinated in these actions than controls (Hoy, Weiss,
Minde, & Cohen, 1978; Mariani & Barkley, in press; McMa-
hon & Greenberg, 1977, Moffitt, 1990; Shaywitz & Shaywitz,
1984; Ullman et al., 1978). Simple motor speed, as measured
by finger-tapping rate or grooved pegboard tests, does not seem
to be as affected in children with ADHD as is the execution of
complex, coordinated sequences of motor movements (Barkley
et al., in press; Breen, 1989; Grodzinsky & Diamond, 1992;
Mariani & Barkley, in press; Seidman et al., 1995, 1996). The
bulk of the available evidence, therefore, supports motor control
deficits in ADHD.

But the most rigorous and compelling body of evidence for
a motor control deficit in ADHD comes from the substantial
programmatic research of Sergeant, van der Meere, and their
colleagues in Holland { Sergeant, 19935a). Using an information-
processing paradigm, these researchers have isolated the cogni-
tive deficit in those with ADHD to the motor control stage rather
than to an attentional or information-processing stage. More
specifically, their research suggests that the deficit is not at the
response choice stage but at the motor presetting stage involved
in motor preparedness to act (Qosterlaan & Sergeant, 1995).
Fuster (1989) identified this type of motor preparedness, or
anticipatory set, as one of the major effects that the executive
functions would have on motor control. But he also identified
a sensitivity to errors or response feedback as being a second
influence the executive functions would have over the motor
control system. Deficits in behavioral inhibition should lead to
an insensitivity to errors and to a loss of behavioral flexibility
as a consequence (Fuster, 1995; Kaights et al., 1995; Milner,
1995). As noted earlier, research has also identified such an
insensitivity in children with ADHD (Qosterlaan & Sergeant,
1995; Sergeant & van der Meere, 1988).

Complex motor sequencing and the generating of complex,
novel motor responses as well as their syntax have not received
much attention in research on ADHD. Handwriting, however, is
just such a complex sequencing of simpler motor movements
built into complex, novel patterns of new arrangements of let-
ters, words, and sentences that requires great flexibility and
fluency of fine motor movement. Handwriting has often been
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noted in the clinical literature (Sleator & Pelham, 1986) to be
Iess mature in those with ADHD. Difficulties with drawing have
likewise been found in children with ADHD (Hoy et al., 1978;
McGee, Williams, & Feehan, 1992). And those with ADHD
have been found to be more likely to have speech problems
relative to controls ( Barkley, DuPaul, et al., 1990; Hartsough &
Lambert, 1985; Munir, Biederman, & Knee, 1987; Szatmari et
al., 1989; Taylor et al., 1991). All of these findings might imply
problems with the programming and rapid execution of com-
plex, fine motor sequences in those with ADHD.

One test that seems to capture a simpler form of motor se-
quencing is the Hand Movements Test from the Kaufman Assess-
ment Battery for Children (Kaufman & Kaufman, 1983). Pa-
tients with frontal lobe injuries have difficulties with such tasks
(Kesner et al., 1994). Three studies have used this task in the
study of ADHD, and all found the ADHD group to be signifi-
cantly less proficient than the non-ADHD group (Breen, 1989,
Grodzinsky & Diamond, 1992; Mariani & Barkley, in press),
which suggests a problem with temporal ordering of motor se-
quences in those with ADHD (Kesner et al., 1994 ). The develop-
ers of the test battery also commented that hyperactive children
performed poorly on this task during the clinical validation trials
of the battery (Kaufman & Kaufman, 1983). This could reflect
the children’s simply having a problem with the working mem-
ory demands of this task. However, other research discussed
above that involved moter tasks with few or no working memory
demands still found motor control deficits in ADHD.

The Place of Inattention in the Model

The executive function deficits discussed in the previous sec-
tions can account for the appearance of inattention seen in
ADHD despite the fact that research has not identified a deficit
in attention in these children. The model also explains the rather
dramatic fluctuation in symptoms across settings and tasks. The
poor sustained attention that apparently characterizes those with
ADHD probably represents an impairment in goal- or task-
directed persistence arising from poor inhibition and the toll it
takes on self-regulation. And the distractibility ascribed to those
with ADHD most likely arises from poor interference control
that ailows other external and internal events to disrupt the exec-
utive functions that provide for self-control and task persistence.
The net effect is an individual who cannot persist in effort
toward tasks that provide little immediate reward and who flits
from one uncompleted activity to another as disrupting events
occur. The inattention in ADHD can now be seen as not so
much a primary symptom as a secondary one; it is a consequence
of the impairment that poor behavioral inhibition and interfer-
cnce control create in the self-regulation or executive control
of behavior.

This line of reasoning suggests a critical distinction between
two forms of sustained attention ( persistence }; that distinction
is between persistence that is contingency-shaped and that which
is self-regulated and goal directed. The former is largely a func-
tion of immediate contextual factors, such as the schedule of
reinforcement associated with the task, the novelty of the task,
and the close temporal contiguity of the elements of the contin-
gency. The second type of sustained attention arises as an emer-

gent property out of the interactions of the executive functions
discussed above that permit self-regulation and control over the
motor system. This form of persistence is controlled by inter-
nally represented information that permits much longer, more
complex, and novel chains of responses to be created and exe-
cuted in the achievement of later goals. These behavioral struc-
tures do not require immediate reward for execution because
the motivation driving them is self-created. And it is this self-
regulatory type of sustained attention that is probably develop-
mentally delayed in children with ADHD, not the type that is
contingency shaped. So long as immediate and frequent rein-
forcement is available in the context for persisting in performing
responses, those with ADHD should be less or even not distin-
guishable from those without ADHD. But those with ADHD
should become increasingly distinct from those without ADHD
when tasks and settings demand that longer chains of behaviors
be strung together to achieve more temporally distant conse-
quences in the absence of immediate consequences for doing
so. This explanation clarifies why the “‘inattentive’’ symptoms
are found to form a separate but only semi-independent dimen-
sion from hyperactive—impulsive behavior in parent—teacher
ratings. The inattention (impersistence) is at least one step (or
more) removed from the problems with behavioral inhibition
through the intermediary constructs of working memory and the
other executive functions. It is also this seif-regulated form of
attention that should prove to be qualitatively distinct from the
type of inattention seen in children with the predominantly inat-
tentive type of ADHD. The latter children, as discussed earlier,
likely have a deficiency in focused or selective attention that is
not related to problems with bebavioral inhibition and self-
regulation.

Some evidence already exists to support a distinction between
goal-directed persistence (internal or self-dependent) and con-
tingency-shaped (context-dependent } sustained attention as well
as the association of the former with poor inhibitory control.
Shoda et al. (1990) found that preschool children’s ability to
mhibit responding in a resistance-to-temptation task signifi-
cantly predicted parent ratings of those same children’s later
concentration, sustained attention, and distractibility at adoles-
cence. Measures of working memory, such as delayed spatial
memory, mental arithmetic, digit span, and reproduction of hand
movement sequences, have been found to correlate with tests
and behavioral observations frequently interpreted as measuring
sustained attention and behavioral persistence in preschool chil-
dren with ADHD (Mariani & Barkley, in press). Levy and
Hobbes (1989), likewise, found that a measure of vigilance (a
card-playing task) loaded on the same factor as a measure of
working memory {related to spelling ability ) and that this factor
significantly distinguished their ADHD and control groups.
These studies suggest links between inhibition, werking mem-
ory, and persistence or sustained attention.

Developmental Considerations

Research on the components of this theory should find that
response inhibition and the neuropsychological processes de-
pendent on it are deficient in their development in those with
ADHD. Each executive function most likely represents a semi-
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independent neuropsychological system that falls along a contin-
uum of normal functioning and interacts with the other executive
functions in producing self-regulation. The degree of delay in
these functions would vary in severity partly as a function of the
degree of ADHD (disinhibition). And each executive function
probably emerges at separate times in development rather than
all executive functions emerging simultaneously (Bronowski,
1977). Nlustrating this differential timing for the development
of these executive functions is the work of Levin et al. (1991),
who found significant increases in sensitivity to feedback, prob-
lem solving, concept formation, and impulse control between
groups of children without ADHD 7-8 years old and 9—12 years
old. Further significant developmental advances were noted in
memory strategies, memory efficiency, planning time, problem
solving, and hypothesis seeking between similar groups of chil-
dren 9-12 years old and 1315 years old. Similarly, Welsh et al.
(1991) and Passler, Isaac, and Hynd (1985) found that, whereas
organized strategic and planful behavior was detected as early
as Age 6, more complex search behavior and hypothesis testing
matured by Age 10, and verbal fluency, motor sequencing, and
complex planning abilities had not reached adult-level perfor-
mances by Age 12. It would not be difficult to reinterpret these
findings in terms of the executive functions in Figure 1. Kopp
(1989) has set forth an explanation of the development of emo-
tional self-regulation that is also quite consistent with the present
model.

Were test batteries of the executive functions given to children
with ADHD, the theory presented here would predict that, at
each age level studied, children with ADHD would perform like
vounger children without ADHD. They would show a pattern
of development otherwise similar to that of children without
ADHD in shape and trajectory. This already seems evident in
the findings of studies of different ages of those with ADHD and
those without ADHD on tests of executive functions (Barkley et
al., 1992; Grodzinsky & Diamond, 1992; Pennington & Ozo-
noff, 1996). These studies were cross-sectional, however, which
limits the degree to which inferences about true developmental
processes can be made.

Unresolved Issues

An important issue deserving of research and critical to the
model is the extent to which the deficits in inhibition and its
associated executive functions are specific to ADHD or result
from disorders often coexisting with it, sach as aggression (op-
positional defiant disorder) and conduct disorder or, less often,
learning disabilities. Few of the studies on ADHD cited here
attempted to disentangle these effects. Some of the more recent
studies did so, however, and their findings suggest that these
cognitive disturbances are more closely associated with ADHD
than with these other disorders (Pennington & Ozonoff, 1996).

Research suggests that impairment in behavioral inhibition is
more characteristic of children with ADHD than of those with
academic underachievement, emotional disturbance, conduct
disorder, or autism (Milich et al., 1994; Pennington & Ozonoff,
1996; Schachar & Logan, 1990; Werry, Elkind, & Reeves,
1987). Likewise, the disturbance in the motor inhibition, pre-
setting, effort, and control stages of information-processing par-

adigms are specific to children with ADHD and are not seen
in those without ADHD but with anxiety or pure aggression
(Qosterlaan & Sergeant, 1995). Direct observations of play-
room behavior have also shown that problems with impulsive,
undercontrolled behavior and adherence to rules to restrict be-
havior are more characteristic of children with ADHD than of
aggressive children (Milich et al., 1982). These and other stud-
ies (Werry et al., 1987) also seem to show that children with
mixed ADHD and conduct problems are likely to have as many
or more cognitive impairments than those with ADHD alone.
And the difficulties with motor control, response perseveration,
rule following, and verbal fluency have likewise been shown to
be associaied more with ADHD than with purely aggressive
behavior (Carte et al., in press; McBurneit et al., 1993; Seidman
et al., 1995, 1996; Werry et al., 1987). As other reviews have
concluded (Hinshaw, 1987; Pennington & Ozonoff, 1996; Tay-
for et al., 1991; Werry, 1988), ADHD is most closely associated
with cognitive impairments, whereas conduct disorder is more
aligned with adverse child-rearing variables and social disadvan-
tage. Similarly, studies that used control groups of children with
reading disabilities or more generally learning disabilities did
not find such children to demonstrate the inhibitory or executive
function deficits characteristics of those with ADHD (Barkley,
DuPaul, et al., 1990; Dykman & Ackerman, 1992; Epstein,
Shaywitz, Shaywitz, & Woolston, 1992; Pennington & Ozonoff,
1996). Thus, although it is hardly definitive, what research does
exist places the inhibitory, neuropsychological, and motor defi-
cits described here in the domain of ADHD rather than in the
domain of aggression—conduct problems or learning disabili-
ties. Still unresolved, however, is whether the group with mixed
ADHD and conduct problems has a qualitatively different disor-
der, as some have suggested (Biederman et al., 1992; Scha-
char & Logan, 1990), or just a more severe form of the same
disorder as those with ADHD alone.

There are numerous other unresolved issues related to this
hybrid model of executive functions and ADHD that speak to
its present limitations and the need for future research. These
issues include determining (a) the precise strength of the rela-
tionship between behavioral inhibition and each of the executive
functions; (b) the precise degree to which each executive func-
tion contributes to the motor control module in the model; (c¢)
the extent to which the subfunctions placed within each compo-
nent of the model are best placed where they are now:; (d)
whether there is some hierarchical organization to these four
executive functions; (e) whether the number of components of
the model can be further reduced (i.e., Is self-directed speech the
source of verbal working memory, as current research implies?;
Becker, 1994); (f) whether all four executive functions repre-
sent a Jarger process of the internalization and self-direction of
all human behavior generally rather than just that of speech
(i.e., self-directed seeing, hearing, mampulation, etc.); (g) the
developmental and sequential staging of these executive func-
tions; (h) the degree to which each execntive function and its
subfunctions are impaired by the behavioral inhibition deficit
in ADHD; (i} the degree to which stimulant medications differ-
entially affect each of these domains of executive functions
and motor control in ADHD; (i) whether the predominantly
inattentive type of ADHD can be dissociated from the remaining
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hyperactive—impulsive types on measures of these executive
functions; (k) the manner in which socialization influences the
development and organization of these executive functions; and
(1} the potential gender and cultural differences that may exist
in the development of these executive functicns and in their
deficiencies in those with ADHD,

Conclusion

The present theory holds that the satisfactory development of
inhibition is essential for the normal performance of five other
neuropsychological abilities: working memory, internalization
of speech, self-regulation of affect-motivation—arousal, recon-
stitution, and motor control-fluency—syntax. The first four of
these are considered executive in nature because they permit
self-regulation, the control of behavior by internally represented
information, and the cross-temporal organization of behavior.
Such self-regulation gives rise to the direction and persistence
of behavior toward future goals and the ability to re-engage that
behavior if disrupted. This intentional, purposive form of goal-
directed behavior apparently functions to maximize future con-
sequences over immediate ones for the individual. So behavioral
inhibition is linked to working memory and sense of time, inter-
nalization, self-motivation, behavioral creativity, and self-con-
trol more generally. Besides its immediate application here to
the understanding of ADHD, the hybrid model shown in Figure
I would seem to have significant explanatory power within
both neuropsychology and developmental psychology, perhaps
helping to bridge these literatures with respect to the concepts
of executive functions and self-regulation.

Substantial evidence points to an impairment in three pro-
cesses invelving behavioral inhibition in ADHD: inhibition of
prepotent responses, stopping of ongoing responses given feed-
back on errors, and interference control. When the hybrid model
of executive functions discussed above is extended to ADHD,
impairments are predicted in the four executive functions in
those having this disorder. These executive deficits then create
deficiencies in motor control -fluency —syntax or the control of
motor behavior by internally represented information. Research
findings on ADHD, to varying degrees, seem to be consistent
with deficits in the components of the model. The most consis-
tent evidence to date appears to support the components of
behavioral inhibition, working memory, poor self-regulation of
motivation, and motor control and sequencing. It is not so much
that the remaining components (internalized speech and recon-
stitution) have gone unsupported but that they have been less
studied in ADHD. The few researchers who have ventured to
examine them have produced suggestive evidence that these
components may also be impaired in ADHD.

Much of the literature that does exist on the cognitive or
neuropsychological deficits in ADHD suffers from numerous
methodological problems. Most significant among these would
have to be (a) the use of such small sample sizes that there is
inadequate statistical power for detecting the small to moderate
effect sizes that are probably associated with deficits in these
executive functions; (b} the use of inconsistent selection criteria
across studies in defining ADHD; (c) the failure to centrol for
potentially confounding comorbid disorders; (d) the lack of

attention to maturational and gender effects; and (&) the lack of
regard for the effects of family history of ADHD on the deficits
associated with ADHD in children. Such procedural compro-
mises make much of the extant research inadequate for testing
and potentially falsifying the predictions of the present model.
Better designed research should help to resolve these inconsis-
tencies and will undoubtedly lead to modifications of the model
presented here.

The hybrid model of executive functions developed here and
the impairments it predicts in those with ADHD point to a large
number of additional avenues for future investigation. These
may yield new and impartant information on both the nature of
executive functions and self-regulation as well as on the nature
of ADHD itself. Such theory-driven research is to be welcomed
into the science of ADHD and shonld offer much promise for
improving the understanding and treatment of those with the
disorder.
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