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Abstract
The primary purpose of this study was to provide a better understanding of the typology
and etiology of physical overactivity (hyperactivity) in ADHD. ADHD is uniquely
characterized by inappropriate/excessive motor activity, yet motoric aspects of ADHD
have been neglected in the research literature. Given high levels of intrusive/
inappropriate motor behaviors and evidence that the neuropathology of ADHD involves
frontal-striatal dysfunction, this study investigated the possibility that aspects of physical
overactivity in ADHD could be a result of a “utilization behavior syndrome”.

Theories of this utilization behavior that claim the syndrome results from an
imbalance between medial (frontal; voluntary, goal-directed) and lateral (parietal/visual;
automatic, reactive) motor systems were also addressed. Results revealed high levels of
utilization behavior specifically characterize hyperactivity in ADHD, and that motor
overactivity in ADHD is not simply a result of generally heightened activity levels.
Levels of utilization behavior were statistically associated with severity of hyperactive
symptomatology as reported by parents of children with ADHD. Furthermore, utilization
behavior was significantly related to difficulties on tasks thought to be dependent on the
functioning of the medial, but not the lateral, motor system. This supports theories that
utilization behavior, at least in ADHD, could be a result of disinhibition of the lateral

motor system due to dysfunction within the medial motor system.
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Introduction

ADHD and Physical Overactivity

With prevalence rates of around 3-7% of school children (NIH Consensus
Development Program, 1998; Szatmari, 1992), Attention Deficit Hyperactivity Disorder
(ADHD) is one of the most frequently diagnosed psychiatric disorders of childhood.
Given the prevalence of this disorder within the pediatric population, considerable
research interest has focused on better understanding the functional basis and
pathophysiology of ADHD. Interestingly, there has been less research regarding the
etiology and nature of the cardinal symptoms of physical 6veractivity (hyperactivity)
within ADHD.

Although high degrees of motor activity are found in normal School-age children,
‘the diagnosis of ADHD is generally restricted to pervasive, developmentally
inappropriate levels of inattention, impulsivity, and motor restlessness (Gorenstein &
Mammato, 198’9). The Fourth Edition of the Diagnostic and Statistical Manual of Mental

~ Disorders (DSM—IV), the current diagnostic standard for psychiatric and psychological
’practiCe in North America, catégorizes ADHD into 3 subtypes; inattentive, hyperactive-
impulsive, and combined variant’s (American Psychiatric Association, 1994). ADHD,
hypera‘ctiVe—impulsive and/or combined types, of primary interesf in this investigation,
are extefnali‘zing disorders characterized by problems with disinhibiﬁon, impulsivity, and
excessive motor activity (Goodyear & Hynd, 1992). Motor disinhibition and impulsivity
are e{lident in developmentally inappropriate levels of ﬁdgétiness, difficulties staying
seated, inappropriéte/ekces,sive movement, ’di'fﬁcul"cies waitin’g‘ one’s turn, aﬁd, eﬁ;c;essive

fiddling with objects (Barkley, 1997a). Further, anecdotal and observational evidence



indicates that children with ADHD have great difficulty restricting their behavior to
conform to instructions and rules, and with deferring gratification and resisting
temptation (Barkley, 1997a).

Motor overactivity, impulsivity, and disinhibition are among the more obvious
symptoms of ADHD. Indeed the most salient differences between ADHD and non-
hyperactive children are reported in activity level and motor disinhibition (Tryon, 1993).
Some theorists have proposed that ADHD is uniquely characterized by overactivity and
difficulties with motor regulation (Halperin; Matier, Bedi, Sharma, & Newcorn, 1992),
with these symptoms distinguishing ADHD from other psychiatric disorders. In contrast,
inattention is thought to be a relaﬁvely nonspecific symptom, present in a variety of
psychiatric illnesses (Halperin et al., 1992). Despite recognition of the salience of these
symptoms in ADHD, there is at present no clear understanding of the typology or
etiology of physical overactivity within this population.

Although there have beén many theories regarding the core deficit in ADHD,
many contemporaty researchers agree that the central problem appears to be a deficit in
behavioral inhibition (Barkley, ‘1997a,k 1997b; Pennington & Ozonoff, 1996; Quay, 1988;
Schachar, Tannock, & Logan, 1993; Schachar, Tannock, Marriott, & Logan, 1995a).
Converging lines of 'evidence have supported a j)rimyary‘ impairment in the ability to
inhibit/delay behavioraliresponses. Behavioral in}ﬁbition deficits have been éssociated
with évariety of symptoms in ADHD, including p%oblerhs with impulsivity and motor
control. Laboratory investigations of cognitivé and‘béhavioral deficits in ADHD have
corroborated the ubiquiiéus nature of behavioral infhibitién difficulties within this

‘p’opulati‘on, and have generated a number of different theories regarding the exact nature



of this inhibitory deﬁcit (Oosterlaan & Sergeant, 1996; Quay, 1997, Schachar et al,,
1995a). Barkley (1997a, 1997b) has presented one of the more comprehensive theories
of behavioral inhibition in ADHD, incorporating résearch from a variety of sources.

According to Barkley (1997b), behavioral inhibition is comprised of 3 interrelated
processes that inélude: 1) inhibition of an initial prepotent response to an event, 2)
interference control, or protection of the delay period from disruption by competing
events and responses, and 3) stopping of an ongoing respohse, permitting a delay in the
decision to respond. Barkley provides evidence to.suggest that children with ADHD
demonstrate difficulties in all three dimensions of inhibition, thus supporting the primacy
of a severe and global deficit in behavioral irihibition.

In support of Barkley’s first aspect of behaﬁrioral inhibition, problems with
inhibiting a prepotent response have been documented in a number of studies that have
used Go/No Go and Conﬁnuoﬁs Performance Test (CPT) paradigms ( Barkley, DuPaul,
| & McMurray, 1990; Barkley, Grodzinsky, & DuPaul, 1992; Grodzinsky & Diamond,

- 1992; Taboni, Douglas, & Baker, 1995; Mariani & Barkley, 1997; Shue & Douglas, 1992;
Trommer, Hoeppner, & Zecker, 199’1; Voeller & Heilman, 1988). |
Corroborating deficits in Barkley’s second aspect of inhibition, naturalistic
Qbserva‘tions of children with ADHD suggest incfeased su‘sceptibility to distraction by
ext’ernalk sfimuli. ‘Suéh difﬁcultics with iriterférence controi ha}wek been Corfoborated ina
nﬁmber of studies investigéting performance of children with ADHD on Stroop-type
par adigms | ,(Boucagnani &J OﬁeS‘,‘ ‘19'39 ; Grodzinsky, 1990 cited in Barkley, Grodzinsky,

& DuPaul, 1992).



Finally, problems in inhibiting an action that is already in progress have also been
documented in children with ADHD, primarily through the use of “Stop-Signal”
paradigms (Logan, 1984 cited in Schachar, Tannock, & Logan, 1993; Qosterlaan &
Sergeant, 1996; Pliszka, Borcherding, Spratley, Leon, & Irick, 1997; Schachar & Logan,
1990; Schachar, Tannock, Marriott, & Logan, 1995b; Tannock, Schachar, Carr,
Chajczyk, & Logan, 1989). Problems in inhibiting ongoing responses have also been
demonstrated on tasks such as the Wisconsin Card Sorting Test (WCST), in which
children must stop an ongoing response pattern an& shift to a more effective one (Barkley
et al., 1992; Sergeant & van der Meere, 1988). The difficulty that ADHD children have
in inhibiting primed responses has been interpreted as reﬂecting deficits at a motor
output/inhibition stage (Leung & Conolly, 1997).

According to Barkley’s theory (Barkley, 1997a, 1997b), the above deficits in
behavioral inhibition have a notable negative impact on the regulation of behavioyr and
motor control. Barkley hypothesizes that the capacity for behavioral inhibition is
fundamental, providing the foundation for four intemiédiéte executive abilities: 1)
working memory, 2) internalization of SpeeCh, 3) Self-regulatioh of affect, motivation,
and aroﬁeal, and 4) reconSiitution (i.e., the analysis and synthesis ef ‘internally represented
information ahd the b’ehavioral struc‘/tures associated with that information). Itis
| sﬁggested that deficits in behavioral inhibition will lead to secondary impairments in the
' fpur intermediefe neuropsychological abilities that depend on behavioral inhibition for
fheir effeetix)e and efﬁc‘ient execﬁtion. ;Itﬁpainnenfs ih these exeeUtiVe func‘ti(‘)n‘s, in
addition to i;the primary deficit in b’ehavieral inhibiﬁon, are hyi;dthesiied to impact “motor

' conttol/ﬂu’ency/syntax” or the, gu‘idance and regulation of motor behavior. The four



executive functions are hypothesized to serve to shift the control of behavior from
external contingencies to control by internally represented information. Barkley
postulates that children with ADHD should be more influenced by external context, and
less well controlled by internally represented information.

Clinical neuropsychological studies that have investigated difficulties with
behavioral inhibition and other aspects of executive function within ADHD populations
have implicated dysfunction within frontal systems as the neuropathological basis for the
condition. In addition, it has been long recognized that the behavioral phenotype of
ADHD closely resembles that seen in individuals with documented frontal lobe
pathology, and more specifically with lesions to prefrontal cortex (Benson, 1991; Mattes,
1980). The “frontal lobe hypothesis” of ADHD has been supported by many
neuropsychological investigations demonstrating impaired performance in ADHD
children on tasks presumed to tap the functions of the frontal lobes (Barkley, 1997a;
Chelune, Ferguson, Koon, & Dickey, 1986; Gorenstein & Mammato, 1989; Grodzinsky
& Diamond, 1992; LaPierre, Braun, & Hodgins, 1995; Pennington & Ozonoff, 1996;
Shue & Douglas, 1992). For example, ADHD children, like patients with frontal lobe
lesions, often manifest problems in behavioral control in the context of relatively
preserved intelligence and cognitive functioning in other domains (Shue & Douglas,
1992). Behavioral difficulties seen in both ADHD and frontal lobe populations include,
but are not limited to, problems with attention, inhibition, impulsivity, disinhibition,
hyperactivity/motor restlessness, motor regulation, and goal-directed behavior (Barkley,

1997a; Chelune et al., 1986; Goodyear & Hynd, 1992). Heilman and colleagues (1991)



proposed that evidence of neglect, motor impersistence/restlessness, and failures of
response inhibition in ADHD soggest a pathophysiologic substrate for ADHD that may
primarily involve dysfunction in right-sided frontal-striatal systems.

Structural and functional neuroimaging studies have supported the notion that
pathophysiology of ADHD involves dysfunction in frontal-striatal systems, although any
specific lateralization of this deficit has yet to be substantiated (Casey, in press; Casey et
al.; 1997, Tannock, 1998). Frontal-striatal pathways are thought to be important
substrates for various aspects of behavioral inhibition and motor control (Alexander,
Crutcher, & Delong, 1990; Cummings, 1993; Groenewegen, Wright, & Uylings, 1997).
These circuits, including the basal ganglial thalamOcorticel pathways that run from the
prefrontal cortex through the basal ganglia and thalamic nuclei, have been associated
with the voluntary control of motor activity and suppression of inappropriate
action/behavior (Kroptov & Etlinge:, 1999). |

Regional Celjebral Blood Flow (rfCBF) Computer Tomography (CT) studies,
exploring brain metabolic ectivity in ADHD have documented decreased blood flow to
pref;ontal regions and the pathways that connect prefrontal areas with the limbic system

(via the;anteriof ‘striatom; Zametkin et al,, 1993). Hypoperfusion has been documented in
the caudate nuclei, v‘vhichrare part of f'rootal pathways thought to mediate motor
regulation. Bloodperﬁjéion within these areas incfeased foilowing the administration of
’Ritalin (Lou' ‘Henfiksen, Bruhn Borner, & Niel’sen 1989). In addition, investigations

b usmg Pos1tron Emlssmn Tomography (PET) have 1dent1ﬁed reduced cerebral glucose

| utxhzatlon in the frontal lobes in 1nd1v1duals w1th farmhal ADHD (Zametkm et al., 1990).

Slgmﬁcant correlatlons have been documented between dlmmxshed frontal metabohc



% |
activity and severity of ADHD symptoms (Zametkin et al., 1993). An investigation using

Single Photon Emission Tomography (SPECT) brain imaging also documented
abnormalities of metabolism in frontal regions within ADHD (Sieg, Gaffney, Preston, &
Hellings, 1995), particularly in the left hemisphere. Again, the administration of Ritalin
led to increased striatal perfusion and to notable clinical improvement.

Although gross structural imaging of the brain (CT) has not consistently revealed
differences between ADHD and non-hyperactive controls (Shaywitz & Shaywitz, 1984),
finer resolution Magnetic Resonance Imaging (Mlﬁ) techniques have documented
abnormalities in brain regions implicated in frontal-striatal circuits. Hynd and colleagues
(1990) used MRI to image the brains of children with ADHD, dyslexia, and normal
cohtrols. Results indicated that the brains of children with ADHD demonstrated a
reversal of normal (left < right) frontal asymmetry. Examinations of the corpus callosum,
have revealed smaller anterior (frontal) callosal regidns associated with ADHD. Children
with ADHD are found to have a smaller corpus cailosum “particularly in the area of the
genu and splenium, and in the aréa just’ anterior to the splenium” (Hynd et al., 1991b).
Baumgardner and colleagues (1996) démonstrated that ADHD is associated with
significant deére,ases in the area of the rostral body (anterior pdrtion) of thé corpus
callosum. Studies of caudate nucleus morphology have also revealed abnormaliﬁes‘ in
ADHD (Ro‘éltgen & Schneidef, 1991). Hynd et al. (1 993) and Filipek et al. (1997)
| reboned that the left ’ca‘udéfc nuc;lei%s is smaller in children with ADHD. Mataro and
colleagues (1997) doc‘:umkented bilateral dyéﬁinction 1n the caudate nuclei, possibly in
association with impaired performance on éttenﬁénél and behavioral measﬁres (Mafaro‘,

Garcia-Sanchez, Junque, Estevez-Gonzalez, & Pule, 1997). In contrast, other groups



have documented smaller right caudate nuclei in boys with ADHD (Castellanos et al.,
1994; Castellanos et al., 1996). Casey and colleagues, using fMRI (Casey, 1999; in
press), have investigated the neuroanatomical loci responsible for behavioral inhibition
deficits in ADHD, and have found statistically significant correlations between various
aspects of behavioral inhibition and caudate, prefrontal, and globus pallidus volumes.
According to these investigators, children with ADHD display neurophysiological
abnormalities in certain basal ganglial thalamocortical circuits (frontal-striatal pathways),
particularly in the right hemisphere. Dysfunction in these circuits is believed to be
directly related to behavioral inhibition deficits in ADHD.

In sum, despite some disagreement regarding the nature of unusual asymmetry in
ADHD, most studies have documented smaller prefrontal cortical regions, smaller
caudate volumes, and abnormalities in prefrontal-striatal circuits in ADHD. Although
these frontal-striatal networks likely influence many aspects of behavior (which have not
yet been clearly identified), research has shown that these networks are particularly
important in the control of attention, inhibition, and motor intentional Eehavior (Hynd, |
Hern, Voeller, & Marshall, 1991a). 1ndeed, some authors have conceptualized ADHD as
a disorder specifically of neural systems subserving the’regulation of motor control
;(Hyr’nd etal, k’1991ka; Hynd et al., 1991b; Niedermeyer, 1998; Niedermeyer & Naidu,
© 1997; Niedermeyer & Naidu, ’1998). .

- Asstated abo{ze, motor overactivity, disinhibition, and impuisivity are cardinal
and indeed diagnostic syfnpforhs of ADHD. Naturalistic assessments of the behavior of
children with ADHD have document;ed higher than nbrmal levels of motor actiVity

: (Porrino et al., 1983). Not only do ADHD children display 'quantitativ’ely higher activity ,



levels, but also their activity is qualitatively more ihappropriate and intrusive (Porrino et
al., 1983). Hyperactive children also appear less able to inhibit their activity in
accordance with instructions and encouragement to do so (Ullman, Barkley, & Brown,
1978), and demonstrate more off-task behavior, out of seat behaviors, and forbidden
“touching of objects” than that seen in average children (Barkley, 1991). Given the
prominence of motor regulation problems in ADHD, and documented dysfunction in
frontal-striatal circuits, it is possible that some of the disinhibited motor behaviors seen in
ADHD could be a result of what has been termed frontal lobe “utilization behavior”
(Barkley, 1997a).
Utilization behavior

Utilization behavior is a phenomenon that has been demonstrated in individuals
with dysfunction in the frontal areas of the brain. First coined by L’hermitte (1983), the
term “utilization behavior” refers to a neurobehavioral syndrome that reflects
instrumentally correct, yet highly exaggerated and inappropriate, motor responses to
environmental cues and objects (Eslinger, Warner, Grattan, & Easton, 1991; L'hermitte,
Pillon, & Serdaru, 1985). Patients have been described as reaching out and automatically
using objects in the environment in a manner that is “object-appropriate,” but is
inappropriate for the particular context. Utilization behavior, in addition to automatic
grasping/manipulation of objects (manual grasping behavior) and inappropriate imitation
of the behavior of others (imitation behavior), has at times been described in the context
of a more global “environmental dependency syndrome.” The “environmental
dependency syndrome” reflects notable deficits in personal control of action and a

striking over-reliance on external social/physical environmental stimuli for guiding one’s
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behavior (L'hermitte et al., 1985). Description of utilization behavior have included
situations, for example, in which a patient uses an object in its intended way (i.e., a
patient reaches across the examining table, grasps the examiner’s cup, and then places the
cup to khis/her lips as if to drink from it). Imitation behavior has been identified during
situations in which a patient mimics gestures first pfoduced by the examiner (i.e., the
examiner runs his/her fingers through his/her hair and the patient then does the same).
The environmental dependency syndrome encompasses aspects of both utilization and
imitation behavior.

It has long been recognized that frontal lobe lesions can disrupt the ability to
inhibit impulsive actions, and to maintain purposive and goal—dirécted behavior (Luria,
1973). Indeed, patients with frontal lobe damage often appear to be strongly controlled
by irrelevant external stimuli, and have difficulty behaving in accordance with the plans
or intentions that they have creat’ed‘ (Luria, 1973). Along the same lines,\imost theoretical
perspectives explain utilization behavior as riesulting from an imbalance between frontal

systems, felt to be important fbr intemally mbtivated motor adivity, and parietal systéms
important for motor activity in response to externél or environmentally based stimuli
CBrazzélli, Céibmbo, Della "S‘ala, & Spinnler,"1994;: L'hermitte ety‘al., 1985;' Shallice,
Burgess, Schdn, & Baxter, 1989), due to the loss of frontal executive controls. To déte,
. most investigatibns of utilizfatidﬁ bkeI;éVior have be¢n detailed éase sti;dies.

: Motdr cbntrol»difﬁculti‘es, motor prograinming problems, and compulsive motor
behaﬁors ih‘kfrontal' lébe patients Weré df;scrikbed‘early oﬁ by Denny-Brown and
colle/agues\(Dennmewn & Chambers, 1958). Uni'estréinéd motor responsesv to

concrete stimuli, in the form of bilateral manual grasping behaviors, were interpreted as
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evidence for a sensorimotor imbalance between thé;: frontal and parietal lobes,
representing the internal and external worlds, respectively. Frontal lobe damage, and the
suppression of inhibitory functions of the frontal lobes, was believed to release parietal
lobe activity. This phenomenon, termed “magnetié apraxia,” provided a foundation for
the later identification and description of the utilization behavior syndrome.

Utilization behavior was first clearly described by L hermitte (1983) in an
observation of six patients with either unilateral or bilateral lesions of the ﬁontal lobes.
L’hermitte presented a series of case studies that extended the notion of “magnetic
apraxia” to include those instances in which tactile; visuo-tactile, and visual presentation
of objects compelled the patient to grasp and use the objects according to an object-
appropriate motor program (Brazzelli et al., 1994). Utilization Behavior was stimulated
by placing a common object in the palm and fingers of a patient’s hand or by holding out
an object (e.g., a glass, a jug of water, a plate, a knife and fork, etc.) and enticing the
patient to seize it. Patients with frontal lobe lesions automatically grasped and “utilized”
thesé objects in an appropriate manner, even when object use was inappropriate for that
parﬁcular sitﬁation. Patients Were also described as manually grasping and manipulating
objects in a non-purposeful manner. Utilization behavior and other environmentally
~ driven behaviors weré interpreted as resulting ﬁ'orynfimpaired balance between frontal-
voluntary (i.e., intrapersonal, motivational, reward driven) and parietal-reactive (i.e.,

'  e‘nviroﬁment—driven, extra-personal, reflex driven) systems. More specifically, all
humans display a typical scquenée of behﬁvioral fesponses upbn Viewing an objéct,
iyncludihgk attending to the object, orienting oneself towards the obj.ect, approaChiﬁg the

object, exploring (identifying) the object, and then utilizing the object. This behavioral
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sequence is believed to be controlled by posterior parietal cortex, which can be inhibited
by frontal processes under situations in which utilization of the object‘would not be the
appropriate response (Ghika, Tennis, Growdon, Hoffman, & Johnson, 1995). Based on
an analysis of lesion sites in these six cases, L’hermitte concluded that utilization
behavior arises in association with unilateral or bilateral frontal lesions. More
specifically he claimed that utilization behavior had an inferior frontal localization,
reflecting damage to orbital frontal surfaces and possibly the caudate nuclei. However,
although one might expect to see some utilization behavior following damage to the
frontal regions described above, the striking behavioral syndrome described by
L’hermitte is probablj} a rare occurrence.

In a subsequent investigation, L hermitte studied 125 patients with focal and
diffuse cerebral lesions resulting from a variety of neurological processes (tumor, trauma,
vascular lesions, degenerative disorders etc.; L'hermitte, Pillon & Serdaru, 1985).
Patients were screened for evidence of gnvironmental dependency, including both
imitation behavior and utilization behavior, through neurological/neuropsyCholo gical
testing and behavioral observations. Within this s:aniple, 40 patients were identified as
displaying imitatiOnyfbehavior, 35 patients as Vdemonkstfating imitation behavior and
utilization bghavior, and 50 patients as neither exhibiting imitation behavior nor
utilization behavior. Resu,lts of clinical examinations, neuropsychological testing, and
behavioral observations revealed that all patients cxhibiting imitation behavior or
utilization behavior displayed' these behaviors Wiﬂxin the context of a more global
“frontal ‘syndrome".” Imitétion‘kbéha\'/ior ahd utilization behavior were b‘elie‘ved td reﬂect‘

an imbalance between dependence on and independence from external stimuli, and
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differed only in terms of their level of severity and their respective dependence on the
social versus the physical environment. Interestingly, individuals with disseminated
lesions incorporating both frontal and parietal systems did not demonstrate utilization
behavior or imitation behavior, suggesting these behaviors are associated specifically
with damage to the inferior frontal cortex in the context of intact parietal function. The
second part of this investigation supported the ecological validity of the imitation
behavior and utilization behavior constructs through their elicitation in real-life situations
(L'hermitte, 1985).

Utilization behavior has also been described in an individual with bilateral
inferior/mesial frontal lobe lesions as a result of an ischemic episode involving both
anterior cerebral arteries (Shallice et al., 1989). This study additionally addressed
concerns regarding L. hermitte’s procedures for eliciting utilization behavior. In
particular, it was suggested that the examiner’s unusual behavior of placing objects in the
clients’ hands may have led patients to a mistaken understanding of what was expected of
them (L'hermitte et al., 1985). In other words, some were concerned that L’hermitte’s
procedures for inducing utilization behavior may have confused the patients and led them
to the erroneous assumption that the examiner wished them to use the objects. To
address this issue, this investigation employed two different procedures for eliciting
utilization behavior; L’hermitte’s original procedure (termed “induced utilization
behavior”) and an additional incidental procedure (“incidental utilization behavior”) in
which there was presumed to be no explicit or implicit expectation that objects should be
used. During the incidental procedure, the patient was instructed to carry out

neuropsychological tests and other tasks in the presence of objects that could act as
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vehicles for utilization behavior. Behavioral observations of this patient revealed
incidental utilization behavior. These behaviors were subsequently categorized as: 1)
toying: a single action in which an object was manipulated but not in a purposeful way,

2) complex toying: actions involving two objects used together but not for the purpose for
which they were designed or in a complete way, and 3) coherent activity: a set of actions
integrated in an appropriate way with respect to the two objects. Utilization behavior was
also elicited during the induced procedure, although these two conditions were not
compared. Consistent with L'hermitte’s claim (L'hermitte et al., 1985), the patient had an
inferior frontal lesion localization.

Brazzelli and colleagues (1994) presented a case of utilization behavior in a 16-
year-old girl with herpes encephalitis and bilateral damage of the frontal lobes.
Observations during neuropsychological testing revealed notable motor hyperactivity and
high levels of manual grasping behavior (MGB) and utilization behavior. Using Shallice
et al.’s (1989) incidental procedure, utilization behavior was identified and classified
according to Shallice et al.’s (1989) categorization scheme, described above.
Interestingly, performance on neuropsychological measures of attention and executive
function was within normal limits, refuting the notion that utilization behavior is only
present in the context of severe executive dysfunction. L’hermitte’s hypothesized neural
basis for utilization behavior was again supported, in that the bilateral lesion involved
orbito-mesial cortex, with sparing of dorsolateral prefrontal cortex and the basal ganglia.
The authors hypothesized that utilization behavior may be secondary to bilateral

disruption of thalamo-prefrontal connections.
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A study of environment-driven responses in seven patients with progressive
supranuclear palsy (PSP) provides additional evidence regarding the neuropathological
substrate for utilization behavior (Ghika et al., 1995). PSP is a Parkinsonian syndrome,
with supranuclear opthamoplegia, that is typically nonresponsive to antiparkinsonian
medications. The neuropathology of PSP is thought to involve dysfunction in the frontal
lobes and basal ganglia (the frontal-striatal system). The behavioral sequelae of PSP
include several motor signs, cognitive difficulties (particularly executive dysfunction),
and complex motor behaviors, including compulsive manipulation of tools and
environmental dependency with ﬁtilization behavior. Results of this investigation
indicated numerous insfances of grasping behaviors and utilization behavior when objects
were placed in front of PSP clients. These behaviors persisted even when clients were
instructed to refrain from touching the objects. In ?onjunctibn with PET evidence,
utilization behavior in PSP was interpreted as resulting from weakened descending inputs
from the frontal lobes, which are typically responsible for set, choice, timeliness, and

initiation of motor responses to extrapersonal stimuli. Frontal—striatai dysfunction leads
to disinhibitioh of parietalichain behaviors, releasing automatic motor behavior in
responée to external stimulyi.‘

‘Disinhibited responding to objects and environmental cues were described in a
case of paramédiah thalamic infarctiorg sugge‘sting. that,kutilizatioﬁ’ behavior could also

B hai)e a,thalanﬁo—ffontal basis. Eslinger’and colleagpes (Eslinger et al.,, 1991) described a
case of a woman with bi~iateral 'encephaloma;lacia affecting the nimedialz thalamus.
Behavioral ohsévations indicated high levels of dis;'t:actibil‘ity‘ahd disinhibition, and

excessive manipulation of objects in the external environment. On examination, with and
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without induction, the patient excessively utilized objects and demonstrated great
difficulty regulating her interaction with the environment. Neuropsychological
evaluation revealed executive impairments in concentration and mental control, and
notable difficulties with focusing, maintaining, and shifting attention. Notable deficits
were also noted in motor programming. Follow-up evaluation at four months indicated
that the patient continued to display utilization behavior. The fact that utilization
behavior may also occur with focal damage to the paramedian thalamic region is not
surprising given the role of the thalamus in the regulation of human instrumental
behavior and independence from the environment. On the other hand, PET studies have
demonstrated hypometabolism in frontal regions after thalamic infarction, supporting a
possible diaschisis effect on the frontal lobes (i.e., dysfunction within the frontal lobes
due to damage/dysfunction within a distant yet connected structure).

A severe frontal syndrome, including utilization behavior, was described in a
patient with an infarct of the left anterior cingulate gyrus-caudate complex and head of
the right caudate nucleus (Degos, da Fonseca, Gray, & Cesaro, 1993). Clinical
behavioral features included distractibility, docility, emotional unconcern, perseveration,
anterograde amnesia, MGB, prehension, and utilization behavior. Fronto-cortico-caudate
projections were implicated in the genesis of utilization behavior.

Anatomically the anterior cingulate gyri are connected with the frontal
(prefrontal, orbital and premotor) cortex, supplementary motor area, thalamus,
mesencephalic reticular formation, amygdala, and striatum. The anterior cingulate gyrus
also has connections with area 7, which is involved in the direction and spatial

localization of behaviorally relevant visual stimuli, and which drives movements towards
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salient visual stimuli. Recent PET studies have documented increased blood flow in the
medial frontal lobes (which have strong connections to the anterior cingulate gyrus) when
individuals are completing tasks that require the selection of action and inhibition of
habitual responses. This research indicates a relationship between the anterior cingulate
gyrus and the internal generation of action (Frith, Friston, Liddle, & Frackowiak, 1991).

Imitation behavior (imitation of gestures produced by the examiner) and
utilization behavior were investigated in 78 neurologically impaired patients with focal
hemispheric lesions documented on CT (De Renzi, Cavalleri, & Facchini, 1996).
Patients were separated into a “frontal group,” for whom damage encroached on the
frontal lobes, and a “non-frontal” group, for whom the frontal lobes were spared.
Utilization behavior was invoked through both incidental and induced procedures, and
imitation behavior was elicited through the performance of various gestures by the
examiner. Results indicated that imitation behavior was generally associated with
damage to upper medial and lateral frontal cortex, and possibly with damage to striate
structures. Within this sample utilization behavior was much more rare than imitation
behavior, and generally took the form of toying or non-purposeful manipulation of
objects (MGB). MGB includes fiddling with objects yet not using them in any
appropriate way (e.g., running one’s fingers over the bristles of a brush or moving the
brush around in one’s hands). The authors concluded that if utilization behavior occurs it
is typically within the context of imitation behavior, and that utilization behavior may
reflect a more severe degree of impairment than imitation behavior.

Utilization behavior and concomitant motor neglect were reported in association

with bilateral frontal lobe damage in a patient with primary cerebral malignant lymphoma
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(Fukui, Hasegawa, Sugita, & Tsukagoshi, 1993). The patient presented primarily with
bilateral utilization behavior and imitation behavior, and motor neglect of the left arm.
During the evaluation pathological grasping on visual or tactile presentation of objects,
non-utilization of the left extremities, and the automatic use of objects despite
prohibitions not to touch, were evident. In most situations reactions consisted of
automatic reaching, holding, and using objects for their purpose, particularly with the
right hand. Following treatment, MGB was stiil present in the right hand and became
more prominent in the left hand, use of the left hand increased, and automatic utilization
of objects became less conspicuous in the right hand and more-so in the left hand.
Following recurrence of the tumors the bilateral grasp reflex, MGB, kand automatic
utilizatien of objects became again more prominenr in the right hand. The non-use of this
patient’s left extremities was believed to be :associated with motor neglect, often seen
following mesial frontal lesions. MGB and utilization behavior werevinterpreted as
resulting from the imbalance between internal motivations and dependence on exogenous
stimuli. These authors suggest that utilization behavior never occurs w1thout bilateral
MGB, both resultmg from reIease of the panetal lobes in the context of frontal system
| dysfunction. |

Utrlxzatlon behavior has also been reported ina pat1enr with a rlght thalamlc
mfarctlon (Hashlmoto Yoshlda, & Tanaka, 1995) Functional neurmmagmg revealed
g hypoperfusmn in the rlght cerebral cortex, partrcularly in frontal areas, as a result of
interrupted p‘rojectrons_from the thalamus to frontal/orbrtal pref‘rontal cortex. Behavioral
1 OBservatiohs,Of the patie‘nt indicated rrrarked mbtor impersistence, a bilateral, but rrght |

hand predominant, automatic grasp reaction, and excessive utilization of objects. When
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instructed not to use the objects the client would immediately discontinue the behavior,
yet resume utilizing the objects shortly after. Following recovery, 2-month follow-up
revealed that the motor impersistence, instinctive grasp reaction, and utilization behavior
had resolved.

Utilization behavior and imitation behavior were prominent signs in a case with
bilateral frontal lobe infarction due to moyamoya disease (Hoffmann & Bill, 1992).
Predominantly found in Japanese individuals, moyamoya disease is characterized by
progressive neurological disability as the result of occlusion and small hemorrhages in
the vessels at the base of the brain. The disease has an initial predilection for the anterior
circulation. In this investigation, CT scans revealed bilateral hypodensities in the
diétribution of the territory of the anterior cerebral vartery. Although performahce during
standard neurological and neuropsychological examinatibn was within normal limits,
behavioral sequelae included inappropriate behavior, an apathetic and aloof demeaﬁor,
and“imitation behavior and utilization behavior. To test for the environmental
~ dependency syndrome,thé client was placed in a number of familiar situations in which

both imitation behavior and utilization behévior were elicited. Imitation behavior, |
“utilization behavior, and envirohméntal dependency resolved gradually over a period of
six tﬁonths following tfeatment, coiﬁciding with 60-70% shrinkage of the anterior lobe
hypodénsitiés. The authors deS;:ribed the environmental dependency syndrome as an
extension and 2 more severe form of imitation behavior and utiiization behavior.
Enﬂfironmental dependency is more likely to,be elicited in the famﬂiér émd more complex

situations of everyday life. This study suggests that ~i_mitation behavior and utilization
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behavior may be some of the earlier and subtler signs of bilateral prefrontal lobg
dysfunction.

Finally, utilization behavior has frequently i)een reported in conjunction with the
“Alien Hand Sign” (AHS) phenomenon. AHS has typically been described following
unilateral lesions of medial frontal cortex, often in response to damage in the distribution
of the anterior cerebral artery (Banks et al., 1989; Kaufer, Mendez, Mischel, Verity, &
Benson, 1996). Although the specific “alien hand” is typically contralateral to a
unilateral lesion, this syndrome also has been also reported in both hands in those with
bilateral medial frontal lesions (Brust, 1996). The constellation of symptoms occurring in
the context of the AHS phenomenon include manual grasping behaviors, inter-manual
conflict, unilateral utilization behavior, and a phenomenon in which one hand performs
seemingly voluntary movements that the individual cannot suppress and for which the
individual does not feel ownership. Theoretical explanations of AHS propose that the
syndrome reflects an imbalance between movements that are reactive to environmental
change and self-initiated or internally generated movements. These two types of
movements are thought to be balanced by the supplementary motor area (SMA), which
when damaged leads to disinhibition of environmentally reactive movements in the form
of “alien” behavior (Brust, 1996).

Based on a summary of case studies, the pathophysiology of utilization behavior
appears to involve dysfunction in the frontal systems of the brain. More specifically
frontal-striatal pathways, including the previously described basal ganglial
thalamocortical circuits, appear to be involved (Brazzelli et al., 1994; Cummings,

Goldberg & Podell, 1995; L'hermitte, 1983; L'hermitte et al., 1985; Shallice et al., 1989).
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Interestingly, utilization behavior has not been reported following lesions encompassing
both frontal and parietai cortex. This supports notions that utilization behavior reflects
disinhibition of an intact parietal, externally based system, as a result of dysfunctionin a
frontal, internally based system. Theoretical accounts regarding the functional basis of
utilization behavior have generally viewed this syndrome as reflecting disruption of the
inhibitory influence of frontal systems on parietal lobe systems, relegating the control of
behavior to the external environment. In other words, utilization behavior is a result of
an imbalance between the internal and external control of behavior, due to impairment in
the internal control system (Goldberg & Podell, 1995). One theoretical framework has
conceptualized utilization behavior as resultin;_.; from imbalance between a medial motor
system, which is responsible for internal control and goal-directed action, and a lateral
motor system, which guides automatic responding to external environmental stimuli
(Goldberg, 1985). Impairment in the medial (internal control) motor system leads to
disinhibition of the lateral (environmentally responsive) motor system, resulting in

utilization behavior.

The Medial and Lateral Motor Systems

| Goldberg (1985) originaﬂly proposed the cthept of a medial and a lateral motor
systerh that work coope.ra‘tively‘tko guide behavior. In élaboratingthis theory, Goldberg
provided a wealfh of Supportingevidence, including animal research and clinical
observations. Iﬁterestingly, although Gdldberg’s theory has ﬁequently beén, cited in the
_research Iiteraturé, ahd his framework has often been used to explain métor phenomekna

" in various clinical disorders (Frith, 1987; Kopp & Rist, 1994), there has been little direct
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empirical evaluation of the theory. As a result, many constructs within the theory are
somewhat vague and difficult to describe.

It is widely held that the motor system is controlled by competition between
different sources of action, some which reflect internal states and goals and others that
reflect behavior in response to external stimuli. Primary motor cortex is the final tallying
point for the competitive process between potential response options. Motor planning
involves a variety of neural regions, the locus of control of the movement varying
according to the extent to which an action is internally or externally guided. According
to Goldberg (1985), internally generated, volitional action is mediated by a medial motor
pathway, whereas a lateral motor pathway mediates responsive, environmentally induced
motor acts. Under normal conditions, the lateral and medial pathways cooperate, with the
lateral motor pathway dominating during tasks that depend on external cues (e.g., when
one is required to perform movements under the guidance of visual, auditory, or
somatosensory feedback), and the medial motor pathway dominating when a task is
internally guided (e.g., when performing movement that arises out of one’s internal
context). Although Goldberg proposes that the lateral pathway functions downstream
from the medial pathway, it is undecided as to whether these hypothesized pathways
would function in parallel or in a sequential fashion.

As stated above, the hypothesized lateral pathway is thought to dominate during
visually guided, externally based movement. This pathway is strongly sensory
dependent, and produces externally contingent responses based on identification of

objects in the environment. This pathway is concerned with perceiving/ recognizing
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external input, and is used in the production of responsive action driven by the presence
of stimuli in the immediate envifonment.

According to Goldberg, the lateral pathway runs from cortex, to cerebellum, to
lateral thalamus, to lateral premotor cortex (PMC), to primary motor cortex (MI). The
pathway is extensively innervated by parietal cortex and cerebellum, both of which have
strong links with visuo-motor areas and which receive rich representations from other
sensory channels.

In support of the lateral pathway, human functional neuroimaging studies indicate
that higher metabolism in the lateral PMC is correlated with increased metabolism in the
superior parietal lobe and cerebellum (Chauvel, Rey, Buser, & Bancaud, 1996). Further,
rCBF investigations in humans demonstrate that the lateral pathway is more activate
during pkerformance of tasks dependent on extrapersonal reference systems (Goldberg,
1985). Therefore, this pathway appears well suited to coordinate movement with external
sensory information, and to create a link between external stimuli and behavior. Research
employing non-human primates has supported the association of the lateral motor
pathways with externally based movement. k~Studiels ’by, Tanji and ‘collekaguesV (cited in
Mardsen et al.,’ 1996) indicate increased activity in the lateral PMC in responsé to visual
signal’s‘and motor actions driven by exterhal stimuli. PET studies with non-human
primateéfhavé demonstrated that premotor neurons are highly active during externally
guided motor sequences (Goldberg, 1985) and Iesions of lateral premotor cortex i‘mpairv
4 the ,ébility to move in the direétien signaled by an extérnai cue (Mardsen et al., 1996).

In confrast, the medial motor pathway is thought to dominate during internally

generated movements that are projectional (future-directed), goal-oriented, and context-
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sensitive in nature. Guided by the internal representation of a desired action, this
“medial” pathway is important for responding to the individual’s motivational state and
internal goals, and for translating intention into action. According to Goldberg (1985),
the medial pathway is expected to have a number of important functions. First, this
circuit is thought to function upstream from, and to exhibit inhibitory controls over, the
lateral pathway. In other words, the medial pathway exerts control over environmentally
contingent responsivé action, and has a role in suppression of automatic responding to
salient environmental cues. Second, the medial pathway is thought to play a role in
internal self-monitori_ng of action and error correction, through depéndence on primarily
kinesthetic and proprioceptive f‘eedback.‘ ’Third, this pathway is believed to be important
for generating an internal representation or mental ’image with which to guide behavior.
Finally, the medial pathway is thought to bé important in directing behavior based on
intern@l context, by inhibiting extra-volitional actions that are iannsistent with goals or a
prior instructional é’et (e.g., inhibition of habitual responding).

Goldberg hypothesized the médial pathway runs ‘from’ frontal cortex, to the
striatung tb the globus pallidus, to the inner thalanius, to the supplementari motor area
(SMA), anterior cihgqlate ]éortex (ACC); and frbntal cortex. | Critical nodes within the
- medial motor paithway include the basal ganglia, SMA, and prefrontél cortex, although

dstunction]daﬁlage withink ény portion of the circuit would Iikely'negatively influence
the ﬁmctioniﬁé of this pathway., The SMA appears to be a vital relay station within thé
: \médial pathway, recei;\fing' éxtensive projke'c;tipns from thg pref'ront‘al, conek, basal ganglia,
and l‘imbic’structures‘ (Golckylberg’% 1985). The SMA, located in the medial part of the PMC

(aréa 6) (Passingham, 1996),“ appears well suited for coordinating internal sources of
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activation, such as goals and motivation, with action (Goldberg, 1985; Mardsen et al.,
1996; Passingham, 1996). The prefrontal cortex is also very important in this pathway,
possibly forming decisions as to what action to perform when, while the SMA translates
these decisions into action and initiates internally generated movements (Passingham,
1996).

In support of Goldberg’s medial motor pathway, research has demonstrated that
the SMA is very active during internally generated motor behaviors (Mardsen et al.,
1996). Regional CBF studies in humans have documented activation of the SMA
proportional to the degree of internally developed intentionality associated with the
performance of a motor task. Investigations with non-human primates indicate that the
SMA is disproportionately active during internally guided movements (Goldberg, 1985),
and during the initiation/performance of movements when there are no external cues
guiding behavior (Passingham, 1996). Indeed, there is evidence that primates with
lesions to the SMA can perform activities with prompting by external cues, yet have great
difficulty with internally generating movement ‘without such prompting (Passingham,
1996). In addition, human ERP studies indi’c\:ate that the SMA is important in the
development of readiness to act based on internal drive tendencies (Goldberg, 1985).
The medial motor pathway alsb éppears to play a role when mkovementsv are self-paced
| versus externally guided. PET scanning studies with humans hgve demonsirated SMA
activation duﬁng self-paced tasks, and much less activation duriﬁg ‘extemally paced
movéments (Passingham, ’1996)‘. Further, ,humén PET studies demoﬁsffate high levels of
| actiia,tion in dors_ai prefrontal cortex duﬁng self-paced conditions, not seen during

externally paced tasks (Passingham, 1996). Finally, there is evidence that ventro-medial
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frontal cortex and prefrontal areas, also part of the hypothesized medial motor pathway,
have potent inhibitory roles in the selection of motor acts for goal-oriented behaviors
(Ghika et al., 1995). Orbital-frontal cortex is thought to be an integral part of a basic
limbo-thalamic system involved in inhibition (Guillem, N'kaoua, Rougier, & Claverie,
1996). Research with non-human primates has demonstrated that frontal lobes, in
conjunction with striate cortex, exert inhibitory effects on gaze orientation and on other
environmentally induced responses (Ghika et al., 1995). Evidence that lesions to medial
frontal lobe, including anterior cingulate, do not influence reactivity of eye movements
towards extraneous stimuli but rather lead to impairment of inhibition of reflex-like
saccades (Hildebrandt & Zieger, 1995), further supports this contention. Animal cortical
unit studies have indicated that the SMA plays a role in inhibiting sensory triggered
motor output, based on prior instruction (Goldberg, 1985). Damage to the SMA leads to
reduced anticipatory movements and the disinhibition of movements in reaction to
environmental stimuli (Brust, 1996).

Figure 1 The Medial versus Lateral Motor Systems
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According to Goldberg (Goldberg, 1985), the functional cooperation between
medial and lateral motor pathways is critical for guiding motor behavior (see Figure 1).
However, dysfunction in either pathway would result in an imbalance between these two
systems and symptomatic behavior. With dysfunction in the medial motor system, and
loss of medial inhibitory controls, one would expect disinhibition of the lateral motor
system. This would lead to an excess of environmentally driven responding, such as
utilization behavior and MGB. On the other hand, with dysfunction within the lateral
motor system one would expect to see impairments in the ability to respond to stimﬁli
within the environment. With regards to medial motor system dysfunction, studies with
primates have documented transient forced grasping behavior, an inability to inhibit
reaching movements evoked by visual stimuli, and an inability to inhibit environmentally
conditioned behaviors inappropriate for context (Goldberg, 1985) in response to SMA
lesions. In humans, clinical investigations have documented AHS following damage to
medial frontal cortex or the SMA (Brust, 1996), and bilateral utilization behavior
following bilateral frontal and orbital frontal lesions (Brust, 1996). In contrast, neither
AHS nor utilization behavior has been reported following damage to premotor cortex or
~ other structures wrchm the hypothesized léteral pathway (F reuhd, 1996). In addition, one
would expect to see other difficulties in’ éssociation with dysfunction in the medial motor
pathway, given the multitude of fun’ctions that the hypbthesized medial motor péthway is
thought to mediate. In particular, one might expect to see impaired ~rﬂotor self-

monitoring and error correction, impaired ability to guide behyaviork from an internal
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representation, impaired motor learning/sequencing, and impaired inhibition of habitual
(prepotent) environmental responding.

The Present Study

ADHD is uniquely characterized by motor/physical overactivity (hyperactivity).
However, despite a multitude of investigations regarding the pathophysiology and
underlying nature of ADHD, we do not yet have a clear understanding of the
characteristics of motor overactivity or the etiology of hyperactivity. Elucidation of the
functional basis of physical overactivity in ADHD will be an important step in better
understanding and managing this prevalent childhood condition.

Given the high levels of motor activity and impulsivity in ADHD, and evidence
that the neuropathology of ADHD involves dysfunction in frontal-striatal circuits, it is
possible that some of the excessive motor activity and disinhibition could be a result of
frontal lobe utilization behavior. According to Barkley (1997b), children with ADHD
might demonstrate utilization behavior given their difficulty with the internal control of
behavior, and susceptibility to external circumstances. Indeed, children with ADHD have
been described as demonstrating not only quantitatively, but also qualitatively distinct
problematic motor behavior, when compared with non-hyperactive children. Further, the
neuropathology of ADHD involves the same circuits as those implicated in utilization
behavior. Therefore, one primary goal of this investigation was to determine if some of
the physical overactivity in ADHD is characterized by utilization behavior. It was
hypothesized that children with ADHD would demonstrate more instances of utilization
behavior than children without ADHD. To rule out the possibility that ADHD children

touch more objects because they are in general simply more active, instances of other
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types of motor behavior were also coded (e.g., self—touching). These other motor
behaviors were not expected to differ between ADHD and non-hyperactive controls. To
address concerns about traditional utilization behavior paradigms, levels of utilization
behavior were investigated under “instruction” and “no instruction” conditions, with no
differences anticipated between the two conditions, that is some children were
specifically told ‘not to touch’ objects.

The physical overactivity characteristic of children with ADHD is also consistent
with Goldberg’s hypothesis (1985) of what would be expected given an imbalance
- between the medial and lateral motor systems. The neuropathology of ADHD involves
structures thought to be part of the proposed medial motor pathway. Therefore, an
additional goal of this investigation was to determine if children with ADHD demonstrate
impairmenté in Goldberg’s postulated medial motor system. It was hypothesized that
ADHD children would manifest,dysﬁmction'in this system, displayed through several
distinct lines of evidence. First, ADHD children were expected to demonstrate deficits in
- certain aspects of motor inhibition, particularly inhibition of a motor response
incompatible with visual feedback. Second, in comparison to controls, childfen with
- ADHD were expected to demonstrate iﬁlpaired motor self-monitoring and guidance of
motor‘behavior by iotemally«representod ihformation. F inally, children with ADHD
were eXpected to display diﬂiculfiés with rrvlotor, learning and seq‘uéncing. All of these
aspects of motor control‘ have, bee'o hypothesized to be associated with thefuiictioning of
~ the medlal motor system (Goldberg, 1985).
Fmally, the present. study aimed to address Goldberg s clalm that an imbalance

‘between the proposed medial and lateral motor systems should lead to envnonmentally
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driven-responding, including utilization behavior. Within the ADHD population, it was
hypothesized that utilization behavior would occur as a result of dysfunction in the
proposed medial motor system. Given this, first it was hypothesized that utilization
behavior would occur during verbal tasks but not during visual-manual tasks when the
lateral system is engaged. That is, object use would not occur when the visual/lateral
motor system is engaged in a cognitive task. Second, it was predicted that there would be
much higher levels of utilization behavior directed towards objects that were directly in
sight versus those which were out of sight. Utilization behavior would be anticipated
only in response to objects directly in sight, given that utilization behavior is thought to
result from disinhibition of the lateral motor or visually-based motor system which guides
automatic responding to objects that one. Third, it was anticipated that children with
ADHD would exhibit higher levels of object directed (utilization behavior) versus self-
directed (self-touching behaviors). More specifically, given disinhibition of the lateral
system children with ADHD would be expected to demonstrate more motor behaviors in
response to physical stimuli that they can see (objects). In addition, it was anticipated
that hyperactivity is specifically comprised of utilization behavior and not merely a result
of higher levels of motor activity in general. Fourth, it was hypothesized that there would
be an association between utilization behavior and impaired performance on those motor
tasks selected to measure the functioning of the medial motor system. That is, higher
levels of utilization behavior would be associated with greater levels of dysfunction

within the medial motor system.
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Methods
Participants

The sample consisted of two groups of children, ranging in age from 6 to 12
years. The first group was composed of 32 children with Combined Type ADHD, who
were compared with a group of 31 control children.

The majority of children in both the ADHD and control samples were recruited
from 22 different schools across three school districts within the Capital Regional District
of Vancouver Island. Teachers within each participating school distributed flyers to all
children within their classrooms and interested families were asked to contact the
University of Victoria. A brief telephone interview, which inquired about a history of
attention problems, learning challenges and medical/psychiatric difficulties, was used for
screening purposes and initial decision-making regarding possible inclusion of children in
either the control or ADHD samples. Written informed consent was obtained from
parents of all participants, and written consent/verbal assent was obtained from each child
volunteer. Children and their parents were compensated with a small monetary stipend of
$5.00 each. Inclusion in the ADHD sample was based on four separate diagnostic
indicators. First, all children had previously been given a diagnosis of ADHD by a
qualified health professional. Second, all children met DSM-IV criteria for present
ADHD, combined type, based on a structured interview for parents administered by the
investigator, the Diagnostic Interview for Children and Adolescents (DICA; Reich et al,
1997). Third, parents were asked to a complete a commonly used and standardized
questionnaire, which measures children’s behavioral difficulties and attention problems at

home (The Conner’s Parents Questionnaire; Connors, 1995). Finally, teachers were
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asked to complete a similar scréening questionnaire for behavioral and attentional
difficulties at school (The Conner’s Teacher’s Quéstionnaire; Connors, 1995). There was
a return rate of 81% for parent questionnaires, and 68% for teacher questionnaires. The
low return rate for teacher questionnaires was primarily due to the fact that the study was
conducted near the end of the school year. Of the éuestionnaires that were returned,
ninety-six percent of the sample met criteria for ADHD based on the parent
questionnaire, whereas 86% of the sample met diagnostic criteria for ADHD based on the
teacher questionnaire. In certain cases it was not possible to obtain ratings of children’s
behavior off é.timulant medication, given a long-standing history of medicinal
management of ADHD symptomatology (30%). B;tsed on parent forms that were
returned, 85% of the ADHD .children were taking Ritalin at the time of this study. All
children with ADHD ‘were required to be free‘of stimulant medication for at least 24
hours prior to testing. ’Of those screened, fifteen children were not inciuded in the final
ADHD sample of 32 children, as they did not rﬁeet full DSM-IV criteria for ADHD,
combined type, based on the DiCA. Given that the DICA provided stringent screening
Criteria for ADHD and that some of the parént/teacher rating scal‘eks were not returned, the
decision was made to include children in the ADHD sample if they had a previous
"dkiag'nosis of ADHD and if they met DSM—IV diagnostic critéria for ADHD, Combihed
N Tj{pe; based on the péteﬁtiryxtﬁviéx& (DICA). One hundred perceﬂt of children in thé |
ADHD séniple met the above criteria.

The éorﬁmﬁnity 60mpérison group consisted of 31 children without a history of ‘
s’igbniﬁ(':ant' developmeﬁtal, attentional, or behavioral problems. :Par‘ents of children ih the

control sample also completed the DICA. Parents and teachers of the comparison sample
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were also required to complete the screening questionnaires for attention problems,
described above. Children who were included in thé control sample did not meet
diagnostic criteria for a current or past history of ADHD, and they scored within 1 SD of
the mean on all rating scales. There were return rates of 80% and 51% for parent and
teacher questionnaires, respectively. Of children screened, six control children were
excluded from the final community comparison group of 31 children due to behavioral
concerns and/or medical complications. Control participants were matched with children
within the ADHD sample based on age and gender.

The demographic characteristics of each sample are outlined in Table 1. The
ADHD and control grbups did not differ significantly in either age or gender. The
ADHD sample consisted of 4 females and 28 males, whereas the control sample
consisted of 4 females and 27 males.

The Wechsler Intelligence Scale for Children Third Edition (WISC-HI)
Vocabulary Subtest (Wechsler, 1991) was used to provide an estimate of verbal
intelligence (VIQ). This measure was also selected to serve as the verbal task during
which instances of utilization behavior were to be recorded. The Raveh’s Color Matrices
Test (Rdven, 1947, 1995) was used to estimate nonverbal intelligence (PIQ). Raven’s
Cblor Matrices served as the visual task during which levéls of utilization behavior were
to l;e fecofded. An overall estimate of intéllectual ability was vcalculatéd by‘a‘veraging
VIQ an’d‘kPIQ estimates obtained on the WISC-III Vocabula(y and the Raven’s Coldred
Matriéés subtests. Gfoupswere found to differ significantly in the estimate of Verbal |
Intelligence (VIQ; M ADHD = 57.84 %ile, SD=24.53; M Controls = 76.68 %ile, SD =

17.75; £ (61)=3.482, p =.001), as measured by the Vocabulary subtest of the Wechsler
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Intelligence Scale for Children Third Edition (WISC-IIT). As a consequence the ADHD
and control samples differed significantly in estimates of overall intellectual ability

(t (61) =2.917, p < .01), although estimates of intelligence for both groups fell solidly
within the average range (M ADHD = 64.08 %ile, SD = 19.73; M Control = 76.92 %ile,
SD =14.78). The groups did not differ signiﬁcaﬁtly on the Performance Intelligence
(PIQ) estimate, as measured by Raven’s Colored Matrices (M ADHD =70.31 %ile, SD =
19.29; M Control = 77. i6 %ile, SD = 18.00). There were no children with overall

estimates of intelligence below a standard score of 80.

Table 1
Description of ADHD and Control Samples — Demographic Information
Measure ADHD Group Control Group

: M SD M SD T p<
Age 9.86 1.88 10.15 1.87 .60 ns
Estimate of Verbal 1Q 57.84 24.53 76.68 17.75 3.48 .01
(WISC-III Vocabulary %ile)
Estimate of Performance IQ 70.31 19.29 77.16 18.00 1.46 ns
(Ravens Matrices %ile) ,
Estimate of Overall 1Q - 64.08 19.73 76.92 14.78 2.92 .05

(M Vocab. and Ravens %iles)

Parents of all children were asked to complete the “Child History Questidnnaire,”
which'requésts information about the child’s medical, behavidral, and educational
,history.‘ The control and ADHD samples did ndt differ réliably in total numbers of
:pregnéncy complications or birth complications. However, thé gfoups were fpund to
diﬂ‘er"signiﬁcantly wiih regards to total mimber of childhood illnesses (t (49) = -3.76,
p< 001; see Table 2), and in particular numbers of high fevers ‘(; (49) =-2.19, p < .05), | |
~ colds '(i (49) L -2¥92,p_<.‘01:), miﬂorhead injuries (1 (49) = -2.02, p<L05), and headaches (;
(49) = -2.70k,. p<0 1) The differénce ’bétwee’ri: grdups iﬂ terms of numbers of éar

~ infections approached signiﬂcancé (1.(49) =-1.95, p‘,= .056). There were no children in
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either sample who had a history of a significant head injury, as defined by loss of
consciousness or need for hospitalization. The finding of increased childhood
illnesses/minor accidents is common within ADHD samples. Overactive and
uncooperative behaviors place these children at increased risk for incurring minor

injuries. The groups did not differ significantly with regard to hand dominance (see

Table 2).

Table 2

Description of ADHD and Control Samples — Medical History

Group Medical History
No. Pregnancy Comp. No. Newborn Comp. No. Childhood Illness LeftHanded
M SD M SD Mean SD %

ADHD 1.23 1.24 .65 .69 4.65 2.56 12%

Controls .79 .93 .58 78 2.40 1.55 10%

Given the strong association of ADHD with learning disabilities, children with
learning problems at school were not excluded from participating in the study. Inquiries
about past and present educational performance revealed that, as expected, children
within the ADHD sample had significantly more learning difficulties than children in the
control group (t.(49) =-5.29, p <.001) and were more likely to have attended behavioral
adjustment class (t (49) = -2.02, p<.05). There were no statistically reliable differences
between the samples in terms of participation in tutoring, enrichment/gifted programs,
and language immersion (see Table 3). Groups were also equivalent in terms of total
years of school experience (Grade in School, M ADHD = 4.19, SD = 1.92; M Control =

4.36, SD = 1.89, ns).
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Table 3
Description of ADHD and Control Samples — Educational History
Educational History
Group Learning Tutoring  Behavioral Gifted Language
Difficulties Adjustment Immersion
) (%) (o) (o) (%)
ADHD 54 19 23 8 8
Controls 0 4 4 12 16

Procedures

All children were tested in the same research laboratory at the University of
Victoria. The testing was conducted by two researchers who were not blind to the group
status of participants. Testing occurred over one 2-hour session, which was divided in 2
hour-long parts conducted in different rooms: (1) the computer room and (2) the
utilization behavior room. Participants were randomly assigned to start with activities
within one of the two testing rooms, such that the hour-long part that each child began
With was counterbalanced across the entire sample. Otherwise, the order of test
administration and setup of each testing room was identical for all participants.

One examiner tested all children within the computer room, whereas the other
examiner tested all childrenkwithin the utilization behavior room. Within the computer
room childfen were seated in front of a computer and asked to complete a number of
computerized activities including two motor Seif—monitoring measures (Siirling Drawing
Task (Stirling, 1999) Computer Dréwing Task (Mlékar etk al, 1994) and a measure of
; attention/inhibition (ContkinuousPerformance Test; CPT;, Connbrs, 1995).

The utilizatidﬁ behaiiior room was strdcturéd in sucha way that children had easy
access to ébjects jthatk Wei‘e réadiiy ‘ﬁ;tiliiable, ” To in§esfigate,if utilization béhav‘ior is

directly related to disinhibition of the lateral (visual) motor system, objects in reach of
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children were both within and outside of their line of sight. For this purpose a special
testing table, with an “opening top” and a six-inch wide opening in the front, was
constructed to allow children easy access to objects that they were aware of and that they
could touch, yet were not in their line of vision. Each session within the utilization
behavior room started with the testing table open sﬁch that children were able to view the
objects inside the table. Once the child was seated the “opening top” of the testing table
was closed.

To investigate the impact of object familiarity on utilization behavior a variety of
objects that were either familiar (scissors, stapler, Stopwatch, spotting scope, cup, brush)
or unfamiliar (garlic press, wood working tool, clamp, wood planer, wine vacuum cork,
ear syringe, table clamp) were selected. Objects were placed inside the table, on the top
right hand side of t’he table, and on a shelf to the right of each child, with an equal
number of familiar and unfamiliar objects either clearly visible or out of site. Objects
- were positioned in exactly the same location for all participants.

Each testing session was videotaped using two VHS cameras to recordiristances
~of "utilization behavior and otherkexkampl/es of physical oVeractivity. The first camera was
mounted high on ‘the wall oﬁposite the testing tablé and pdysitiﬁoned' facing thé child to
record m'otof behaviors above the fable.‘ The second carﬁera wa s located undérnéath fhe

| : tesﬁng table aﬁgled up‘Wards ‘through a plate glass bottom designed in the table, to give a
clear view df childfe‘n’s hénds inside the tabie and récofd’ utilizaktionkof dbj,ects from

* within the fablé. ‘ | |

To ihveétigate théf impact of inét‘ructioh sct/expecfatio’n on utiliyzatifon behavior

half of the sample was kr‘and‘omly assigned to an “instruction condition” and given
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instructions at the beginning of testing not to touch the objects in or around the table.
The other half of the sample was not given any instructions or direction regarding the
objects.

Within the utilization behavior room, all children completed a verbal (WISC-III
Vocabulary; Wechsler, 1991) and a nonverbal (Ravens Matrices; Raven 1947, 1995)
reasoning task presumed to be similar in cognitive demand, to explore levels of
utilization behavior during visual versus verbal activities. Other activities included a
motor learning task (Kimura Box; Kimura, 1977), a computerized measure of inhibition
(Motor Inhibition Task; Casey et al., 1997), and a motor self-monitoring task (Mirror
Drawing). All children also participated in a non-structured activity within the utilization
behavior room. During this activity, participants were left on their own to complete a
series of simple math problems for a period of exactly 10 minutes.

Behavioral observations were the primary means of evaluating motor behaviors
within the utilization behavior room. Instances of object-directed behaviors were coded
according to Shallice’s categorization scheme of utilization behavior (1989), which
specifies that an instance of utilization behavior occurs when there is use of 1 or more
objects lasting more than 1 second following the end of a previous instance of utilization
behavior by at least 1 second. Behavioral categories of utilization behavior included:
Toying, Complex Toying, and True Utilization Behavior. Toying was operationally
defined as “a single action in which an object is manipulated but not in any purposeful
way or for its intended use.” Complex toying was defined as “the use of two objects in a
linked way but in an incomplete fashion or not for the purpose for which both objects

were designed,” or the use of an object in a purposeful way but not for its intended



39

purpose. Observations of the children when they wére touching the objects indicated that
cdmplex toying was typically purposeful in relation to objects, and that it generally
occurred when children were not familiar with the exact function of an object. In this
case children utilized the object in a manner that would be appropriate for a similar object
of which they were familiar. Finally, True Utilization Behavior was defined as “a set of
actions integrated in a typical fashion with respect to the relevant object(s).” Given that
complex toying and true utilization behavior both involved purposeful rﬁanipulation of
objects and that the occurrence of one behavior over the other appeared to be related to
the children’sfamiliarity with a particular object, these two categories were both judged
to be eXaﬁples of uﬁlization behavior and were combined to yield an overall “Utilization
Behaviof” score.

Instances of self-directed motor behaviors (self—touchjkng) were also recorded to
rule out a general “activityklevel” confound. Self-touching was operationalized as “any
behavior in Whicha ch’ild,touches his/her upper body, face area, or clothing for more than
1 secondfollowing the end ofa previous instance of self-touching by at least one
second.” OCcufrences of res’tyi’ng oné’ s head in one’s hands and/or fidgeting with one’s
fingers Wefé not considered examples of self—touchihg. | |

Both object-directed and self—direcfed moyements were couhted in 5-second
inteﬁals. EVCI‘Y behavior occurring over that five-second interval wask checked oxice, and
~thenk ‘not again until the next intervalé In this study scores were calculated by tallying the
nuinbéf df '6bjeciadifect¢d (Toky’ing,‘ Complex toying, andTrue utilization behavior)
behavidfsk in ~respoﬁ§e to eachbbject over diﬁ’erent:activities within the utiliiatioﬁ

behavior room. Self-directed motor behaviors (self-touching) were recorded in the same
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way. Utilization behaviors and self-touching behaviors were rated across the entire
testing session in the utilization behavior room, except for when children were
completing the Kimura Box, Motor Inhibition, and Mirror Drawing Tasks. Behaviors
were not rated during these activities because children would not have had the
opportunity to engage in motor behaviors given the nature of each of these tasks.
Inter-rater Reliability.

Inter-rater reliability correlation coefficients were obtained through re-scoring of 20% of
the videotapes by an independent examiner who was unfamiliar with the group
membership of participants. As measured by single measure intraclass correlations, all
reliability estimétes were well above the required cut-off of 80% agreement between
raters (see Table 4).

Table 4

 Inter-rater Reliability Coefficients for Object—Direéted
and Self-Directed Motor Behaviors

Single Measure .
Intraclass Correlations

Qbject-Directed Motor Behaviors

Toying 8714
Complex Toying ; .9935
True Utilization behavior 9340

- Seélf-Directed Motor Behaviors

Self Touching 9718

Measure of Attention and Inhibition

‘ Connors Continuous Performance Task (CPT; Connors, 1995). This is an approximately
15 minute computerized task in which participants were required to respond, by pressing
a'computer ke‘y,:to the 1etters“of the alphabet flashed, one at a time, across the centre of

the computer screen. Part’icipzints were to withhold from responding upon‘ skeeinga; -
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particular letter (the letter “X’). A number of summary indices were considered
including errors of omission, errors of commission, variability of responding (i.e.,
consistency of an individual’s responses over time), and risk taking (i.e., consideration of
commission errors in the context of numbers of missed responses).

Measure of Motor Inhibition

Motor Inhibition Task. This task was a variant of Casey’s computerized response
selection task (Casey et al., 1997) that assessed the ability to inhibit a competing and
prepotent motor response, requiring a response to stimuli based on incompatible or
compatible motor mappings (Christ, 1999). In the compatible motor condition,
participants were required to respbnd as quickly as possible to green, blue, or red arrows
flashed, one at a time, on the left, middle or right side of the computer screen. The
arrows were pointed in the lefl, up, or right directioﬁ, respectively. Participants were
required to respond by pushing corresponding green, blue or red buttons pdsitioned to the
left, middle or right of a response apparatus. Dﬁringthe incompatible motor condition,
participants were required to rei}erse Vtheir responding, and to respond to the green (left)
énd red (Iight) arrows by pressing the opposite buttons on the response apparatus. As in
the compatible motor condition, children were required to respond to the middle (blue)
arrow by p;essing the middle (blue’) buttén on the response apparatus. Summary scores
consisted of the number of errors (responses in the,Wrong difection)‘made during the
compatible and the incompatiblé* motor ‘condit‘ions. Response time was recorded but not ;
analyzed during thcﬁ current stuciy, as the most itﬁportant indices were the error scores

; déscribéd above.
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Measures of Motor Control and Monitoring

Mirror Drawing Test. This was a paper and pencil task that required children to trace a

line around the perimeter of two geometric figures (square and diamond), in the presence
of incompatible visual feedback from a mirror placed above the drawing. The task
requires the ability to overcome incorrect visual information and instead rely on cognitive
control and internal representations of which direction to draw. Participants’ hands were
covered and therefore the only visual information received was the reversed feedback
from the mirror. For each drawing there was a control (copy) condition that required the
child to trace a line around the ﬁgure outside of the mirror, and subsequently five trials of
tracing each shape within the mirror. Due to observations that children appeared to be
losing motivation for the task after the third trial of each drawing, scoring was based on
the total number of drawing errors (lines drawn outside of the figure) from trials 1
- through 3 and total time to cOnrplete the task, summed over both geometric figures.
| Stirling Drawing Task (Stirling, 1999). ParticipantsWere asked to make a series of
geometrrc des1gns ona computer stylus pad (with a stylus pen) wrth therr hand out of
| s1ght They were not able to see the drawmgs on the computer screen as they were
‘ making them. The computer then rotated 5 of the 6 drawings to different degre’es -and |
‘chrldren were requlred to choose from the 6 drawmgs which was the exact one that they
had created In the ﬁrst condrtron chrldren were requlred to copy 7 desrgns shown on the -
: fcomputer. In the second condmon chrldren were asked to create 7 abstract drawmgs. In
ﬂnal (control) condrtlon chﬂdren agam created therr own abstract drawmgs but were ablei
- to see the drawmgs on the computer screen as they were makmg them Scormg was

“based on the total,number of errors in each of the 3 condrtrons; Due,to some drfﬁculty :
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with the computer software that led to some missed trials, summary scores were reported
in terms of the proportion of correct responses within each condition.

Computer Drawing Task. This was a computerized task based on a self-monitoring

paradigm created by (Mlakar, Jensterle, & Frith, 1994). Children were asked to view a
stimulus card depicting a geometric figure for 5 seéonds. The stimulus card was then
removed and children were required to draw the geometric figure on the computer screen
using a joystick or keypad. Children were first required to reproduce a “u” shape under 7
different conditions. During the first two conditions children received normal feedback
on the computer monitor and could see the geometric figure while they were creating it
using the joystick and then the keyboard. This condition was considered a control
condition, and assessed genefal motor control and placed less emphasis on motor’
monitoring‘ ability. During the third and foﬁrth conditions there was no visual feedback
as children were reproducing the geometric ﬁgure,twith the joystick and then keyboard.
This“ portion of the tésk assessed the ability to use an internal representation fo direcf and
monitor a motor plan. ‘During the fifth and sixth conditions incompatiﬁle feedback
(rahdom lineé.) 'was presented onthe compu’tér §creen as children used the joystick and

then the keyboard to recreate the ﬁgﬁre, assessing the aﬁility to maintaixi a motor
lr,epreks‘éntat’ifonfin_th‘e presehce of‘distracﬁng visﬁai ‘feeglback. Fivn}éiylly,‘ following the |

f computer portions of the task,‘children’yvere askékdkto draw the géofnetﬁc figure on paper
to ensuré fhat :érrors Werefnot ’due to difﬁculty’ With reﬁlembering the design. Thi’sw

' prdCedure was then repééted for the secc}nd dgsign'(a'cro;&f,s sﬁap‘e).~ ,Summéry scores

included errors and time for each of the 7 conditions, summed over both drawings.
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Motor Learning/Sequencing Task

Kimura Box (Kimura, 1977). This motor sequencing/learning task required that children
perform a series of hand movements (push a button with their pointer finger, pull a lever
with all 4 fingers, and push down a lever with their thumb) using a special box. The
examiner demonstrated the motor sequence twice while providing a verbal description of
the sequence. Children were then required to reproduce the sequence first with their
dominant and then with their non-dominant hand, to a criterion of 10 consecutive trials.
Children were given verbal feedback when they made an error. The measure was scored
in terms of total numbers df errors (a movement out of sequence or the wrong movement)
for each hand.

Results

Analysis of counterbalancing effects

As stated above, the initial portion of testing to which each participant was
‘randomly assigned‘(utilization b‘ehaviot room actiﬁties versus computer roomactiyities)
was counterbalanced‘across thé sample. Using t-tests, there was no statistically reliable
impact of order of testing on‘any cognitive measure' Wiﬂ’l‘ the éxception of the second trial
" of the Motor 1nhibition task (¢ (61) =2.21, p< Qos). Further investigatioh of the impact
of order of testmg on thls task revealed that the order effect was only statlstxcally reliable
w1thm the ADHD group, such that chlldren w1th ADI—ID who started in the ut1lxzat10n N
behavnor room commxtted s1gn1ﬁcant1y more errors than ADHD children who started in

| the c‘omputer testmg room. Order of testing did not ;rehably mﬂuence levels of utlhzatlon

S behévibr (t(61) = -.03, 1s).
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Attention and Inhibition

All participants were administered a continuous performance test to assess group
differences in attention and concentration. As expected, children with ADHD overall
displayed significantly more difficulty on the continuous performance task than did
control children (F (4, 58) = 3.5, p <.05). Children with ADHD made more errors of
omission (missed responses) than did controls (t (61) =-3.05, p <.01) and their
performance was considerably more variable (t (61) =-3.24, p < .01), indicating
problems with maintaining attention over the duration of the task. The groups did not
significantly differ in overall number of commission errors (responding erroneously to an
“X”; £ (61) =-.07, ns), however, when numbers of commission errors were considered
taking into account the number of missed responses, children with ADHD had a higher
percentage of commissions per total responses (t (61) =-3.36, p <.01). When task
performance was analyzed removing the effects of intelligence, overall intellectual ability
was not found to be significantly associated with performance on the CPT task.

Utilization Behavior

To explore the typology of physical overactivity in ADHD, a number of different
dimensions of motor behavior, across a variety of testing conditions were examined. All
analyses were first run with intelligence as a covariate, to statistically control or equate
groups on level of intellectual ability. As intellectual ability was not found to be
statistically related to any of the measures, nor did covariance of intelligence alter the
pattern of results, analyses reported were completed without intelligence as a covariate in

an attempt to improve the statistical power of these analyses.
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To address concerns that object utilization may be a result of the participants’
misunderstanding the purpose of objects placed around the table, Ievels of utilization
behavior were analyzed under iﬁcidental (no instructions) and instructional (instructions
not to touch the objects) conditioné. Using independent samples t-tests, results indicated
that equivalent levels of utilization behavior occurred when children were given
instructions not to touch the objects as when they were not given any instructions
regarding the objects (t (61) =-1.22, ns). This pattern held true for both the control (t
(29) = .68, ns) and ADHD (t (30) = -.92, ng) samples. There were equivalent numbers
of children with oppositional/defiant behaviors in the “instruction” and “no instruction”
conditions as rated by parents and teachers, respectively (t (46) = .736, ns; t (42) - .382,
ns). |

To explore the nature of motor behaviors observed within the testing situation,
behavioral ratings of object-related behaviors (toyihg and utilization behavior) and self-
directed motor behaviors (seif—touching) were subject to repeated measures analysis of
variance. There was one within-subjects factor (motbr behavior: utilization or self-
touching) and one between-subjects factor (group). Analyses revealed a very different
pattern of results between ADHD and control participants (see Figure 2), and a
statistically reliable interaction Betweehrﬁdtor béhaviors and group membership (F (1,
60) = 9.7’0,' p <.01). Additional analyses of individual types of motor behaviors revealed;
that children with ADHD (M = 62.34, SD = 82.3’7) demonstrated signiﬁcantly higher
levels Qf object utilization t’han did,;k:oritrols M = ..68,'5_]2 =1.83;t (61) =412, p< .001);

yet equivalent levels of self-touching behaviors (M ADHD = 47.5, SD =25.94;M
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Controls = 38.73, SD = 26.89; t (61) =-1.31, ns). This argues against a theory of general
overactivity as the etiology of utilization behavior.

Figure 2 Types of Motor Behaviors
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Analysis of lévels of utilization béhavior during varioﬁs cognitive tasks also
're\)ealed a statistically reliable interaction between group membership and utilization
behavior (F (2, 60) = 8.1, p <.001). There was a statistically reliable group effect such
that children with ADHD exhibited significantly niore utiliiation behavior,s’ (F (2, 60) =
13 .00, p < .OOI). Further explbration of the data fevealed that control children were
equally unhkely to use objects either doing verbal, visual, or between task condmons M

Between = .16, SD= = 45; M Ravens =0, SD =0, MVocabulary 0, SD- 17) In

i ,contrast children with ADHD where much more likely to utlhze ob_)ects durmg the

verbal task (M Vocabulary 21.18, SD = 30.69) than during a Vlsual task of equlvalent
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cognitive demand (M Ravens =6.22, SD = 19.14; t (31) = 3.58, p <.001 - see Figure 3).
The ADHD sample was also more likely to utilize objects between tasks than during the
visual task (M =12.81, SD =17.43,t (31) = 2.16, p <.05). Children within the ADHD
sample exhibited a marginally significant difference in levels of self-touching versus
utilization behavior (t (31) = .054, ns).

Figure 3 Utilization Behavior During Cognitive Tasks
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Given the very low levels of utilization be‘h’avior demonstrated by children in the
cbntrol samplé, investigations into other dimensiqns of utilization behavior were
conducted using data from the only ADHD sample. Results of paired Samplé tQtests
indica‘ted that children with ADHD were much more ylikely to utilize objéci,ts that Were in
’theiki' li‘njé,"éf vision M= 62.34; SD =83.27) éémfrared !w'ithv objects that the\yﬁWer“e aware
- of which Wéfe knot directly ih sight M = 4.75, SD = 9.04, t (31) = 4.17, p <.001). |

Utilization behavior was seen more often in response to objects that were familiar (M =
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53.72, SD = 77.43) versus those that were unfamiliar (M =11.69, SD=2197,t(31) =
3.23, p <.01). Finally, children with ADHD demonstrated significantly higher levels of
“utilization behavior” (Complex Toying and True Utilization Behavior; M = 48.22, SD =
63.06) than mere fiddling with objects (Toying; M = 17.19, SD =37.92,£(31) =3.05,p <
.01; see Figures 4 through 6).

Figure 4 Dimensions of Utilization Behavior - Location
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Association of Utilization Behavior WithDemograohic Variables

To explore the relation between physical overactivity as measured in this study

and severity of ADHD symptomatology, Pearson Product Moment correlations were

50

obtained between motor behaviors recorded in the laboratory and numbers of hyperactive

and inattentive symptdms reported by parents during the structured clinical interview.

Within the ADHD sample, total utilization behavior was significantly correlated with

number of hyperactive symptoms (r (26) =.47, p < .05) yet not with number of inattentive

symptonis (r(26)=.14, ns). _Furthef investigati’ons‘of this relationship revéaled'thaf

utiliiation behavior ‘(Complex Toying + Ti'ue Utilization Behavior ) was Signiﬁcantly

related to number of hyperactive*symptoms (r (26) =44, p < .05) whereas mere ﬁddling
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with objects (Toying) was not (r (26) =.3, ns). Self-touching behaviors were not
significantly associated with either hyperactive (r (26) =-.02, ns) or inattentive symptoms
(r (26) =.04, ns). Children with ADHD and oppoéitional/deﬁant behaviors were
significantly more likely to utiliée objects than ADHD children without oppositional/
defiant behaviors (1(25) = -2.611, p <.05).

Motor abilities dependent on the medial motor system

To explore medial motor abilities in children with ADHD, the present study
investigated group differences on a number of différent measures associated with the
functioning of the medial motor system. Three different aspects of medial motor function
were explored, including motdr;self-monitoring, motor learning/sequencing, and motor
inhibition. Using analysis of covariance, it was again determined that covarying out
intelligence did not alter any patterns in the ﬁndings, nor was intellectual ability
significantly related to performance on any of the motor tasks. Therefore, to increase
statistical power, the covariate was dropped from all reported analyses.

Motor self-monitoring and control were invéstigated utilizing three distinct
drawing tasks; the Computer Drawing, | Stirling DraWing, and Mirror Drawing Tasks.
Scores on each measure wére submitied to repeated-measures analyses of variance with
one within subjects factor (task; errors within each condition) and one between-subjects
factor (group). |

Analysis of performance on the Computer Drawing Task revealed that there was
no statistically ‘reliable differencekih performance m ~eith¢r samj)le when children Were

required to draw using either the ke)}b‘oardkdr jk(‘)’y‘s,tyick. Therefore, to simplify the

analyses scores were combined over these two conditions to yield 3 summary scores, 1)
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errors when drawing with visual feedback, 2) errors when drawing with no feedback, and
3) errors when drawing with incompatible feedback. The results revealed that children
with ADHD overall displayed more difficulty on all three conditions of the task yielding
a statistically reliable effect of group (F (1, 60) = 4.06, p <.05), and that these results
were not a result of difficulties With memory for tﬁe shapes (control condition, t (61) =
1.36, ns). Control and ADHD participants displayed a different pattern of performance,
as revealed by a significant interaction effect (F (2, 60) =3.94, p <.05). All children
experienced more difficulty on the “no feedback” and “incompatible feedback”
conditions when compared with the “visual feedback” condition (see Figure 7), though
children with ADHD were significantly more impacted than controls by incompatible
feedback. |

Figure 7 Medial Motor Abilities — Computer Drawing
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Analysis of performance on the Stirling Drawing Task revealed a similar pattern
of results. Children with ADHD displayed more difficulty on all conditions of this
measure yielding a statistically reliable group effect (F = 10.09, p <.01). However, on
this task the pattern of results between control and ADHD participants was very similar
and there was no significant interaction effect (see Figure 8). Children within both
samples experienced more difficulty on the first two conditions (drawing computer
generated figures or abstract designs with no visual feedback) than on the final control
condition (drawing abstract designs with visual feedback), yielding a statistically reliable
effect of condition (F (2, 60) = 14.03, p <.001).

Figure 8 Medial Motor Abilities — Stirling Drawing
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Similarly, analysis of performance across the first three trials of the mirror

drawing task revealed statistically reliable effects for condition (E (2, 59)=17.10, p <
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.001) and for group (F (1, 60) = 11.30, p <.001). Children with ADHD overall made
significantly more errors when required to draw in the mirror than did controls, and also
displayed more difficulty under the control condition where they were required to draw
outside of the mirror (t (60) = -3.04, p <.05). Although the interaction effect did not
reach statistical significance, thére was a trend indicating a different pattern of
pérformance in ADHD and control samples (F (2, 59) = 2.67, p=.07). As seen in Figure
9, children within the ADHD sample demonstrated a slower pattern of improvement over
the first three trials of the mirror drawing task. These differences did not appear to be
due to children with ADHD rushing through the task; there was no reliable difference in
total drawing time between the ADHD and control samples (t (2, 56)=.197, ns).

Figure 9 Medial Motor Abilities — Mirror Drawing
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Motor Learning and Sequencing

Motor learning and sequencing ability were investigated using the Kimura box. Children
with ADHD overall made significantly more erroré on this task (F (1, 61)=15.10,p <
.001) than did controls with both their dominant aﬁd non-dominant hands. Observations
of children while performing the task suggested that weaknesses with motor sequencing
appeared to be due to true difficulty with the task rather than a result of errors due to
impulsive responding.

Motor Inhibition

‘ Scores’from the Motor Inhibitidn task were also submitted to repeated measures analysis
of variance, with one within-subjects factor (task; errors in the compatible or
incompatible conditions) and one between-subjects factor (group). Given the significant
effect of counterbalancing (described aboﬁie), results were considered after covarying out
the impact of counterbalance condition. Analyses revealed a differential pattern of
results between ADHD and control participants (see Figure 10), With a statistically
reliable in”ccéraction between condition and group (E (1, 54) =12.26,p < .01). Additional
analySeS of each individual conditioﬁ revealed that although in general both groups
performed better on the compatible than the incompatible portion of thé task, the ADHD
gfdup made disproportic\mately niorc; errors in the incompatible condition (_M ADHD =

27.55, SD = 16.85; M Controls = 11.62, SD = 11.62).



56

Figure 10 Medial Motor Abilities — Motor Inhibition
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Relation of Medial Motor Abilities to Utilization Behavior

To explore the relation between medial motor abilities and utilization behavior, a
principal components analysis (PCA) was performed on those aspects of each motor task
related to functioning of the mediai motor system. The specific measures that were
included in this PCA were: the first two conditions of the Stirling Drawing Task, the “no
visual feedback” and “incompatible 'feédback” conditions of the Computer Drawing
Task, total errors for the Kimura Box, and total errors for the Mirror Drawing Task.
Using the criteria of eigenvaluaé greater than 1, the PCA extracted 1 well—déﬁned factor
which accounted for 49% of the overall variance (see Table 5). Factor scores for
individu‘al participants were then coﬁelated with total ;levéls of utilizatic‘m behavior,

reveéling a significant relationship betWéen the two (r (61) =.44, p <.01).
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Table 5

Principal Components Matrix/Medial Motor Abilities

Task/Condition Component
Stirling Task Copying Drawings (no visual feedback) -.708
Stirling Task Abstract Drawings (no visual feedback) -.635
Computer Drawing (no visual feedback) 731
Computer Drawing (incompatible feedback) 775
Kimura Box Errors .576
Mirror Drawing Errors 759

A PCA was also performed on those aspects of the motor tasks not thought to be
as dependent on the medial motor system. The variables that were included were: the
Control (third) Condition for the Stirling Drawing Task, the “visual feedback” condition
of the Computer Drawing Task, the Compatible Condition of the Motor Inhibition Task,
and the Control Condition for the Mirror Drawing Task. Using eigenvalues >1 the PCA
extracted 1 well-defined factor that accounted for 45% of the overall variance (see Table
6). Inthis case factor scores fo; individual participants were not significantly related to

total levels of utilization behavior (r (55) =.25, ns).

Table 6

Principal Components Matrix/Lateral Motor Abilities

Task/Condition Component
Stirling Task Copying Drawings (visual feedback) -.831
Computer Drawing (visual feedback) .847
Motor Inhibition Task (compatible Condition) .527
Mirror Control .329

Given that the distribution of scores for both medial motor problems and
utilization behavior appeared to be highly skewed, the data was also analyzed using
nonparametric techniques. The sample was divided such that all participants with medial
motor factor scores above a value of O were designated as having “motor problems” (M =
-.04, SD =1). Similarly all individuals with utilization behavior scores above 10

(maximum levels of utilization behavior seen in the control sample) were designated as



58

“utilizers.” Data exploration using cross-tabulation indicated that the majority of
individuals who were “utilizers” displayed medial motor problems (70%). In addition,

most individuals who were not utilizers did not display medial motor difficulties (82%;

v? (62) = 13.551, p <.001; See Table 7).

Table 7
Comparison of Utilization Behavior and Motor Problems
Utilizer Not Utilizer
Motor Problems 70% 18%
No Motor Problems 30% 82%
Discussion

The goal of the present study was to investigate physical overactivity
(hypéractivity) in children with ADHD. To date most research has focused on symptoms
of ADHD such as inattention and impulsivity, and the motor aSpects of hyperactivity
have been less studied. Because inappropriate and intrusive motor behaviors are a
cardinal symptom of ADHD, a primary objective of this investigation was to provide a
better understanding of typology and etiology of hyperactivity in this prevalent childhood
condition. Given theories that children with ADHD may be less controlled by internally
 represented information and more so by external circumstances (Barkley, 1997b) and
evidence that children With ADHD man’ifest dysfunction in prefrontal striatal ciréuits
(Casey et al., 1997), it wés hypothesized that certaiﬂ aspects of hyperadiVity in ADHD
may constitute a “utilization behavior syndrome.y 7 |

In inveStigating utilizati]kon’ behavior in this population this study first addressed
“concerns rggarding pfévioﬁs utiliiatidn \behavior paracﬁgms (I"hérmitte‘, 1983), in
particular that the mefé p¥e$¢hce kof the objeéts in the testing ehvirohment couid hav‘ev;

created an imp‘li(:it ex‘peét"aﬁon that the objects are to be used (Shallice et al., 1989). To
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address this issue an “instruction condition” (in which instructions not to use the objects
were provided) and a “no instruction condition” were compared. Results indicated that
instructional set or expectation did not significantly influence the presence of utilization
behavior. This pattern was true for both the control and ADHD samples. This
corroborates that utilization behavior seen in this study did not simply reflect a
misconception by participants regarding intended use of the objects.

Overall, the present study revealed that high levels of utilization behavior
characterize physical overactivity in children with ADHD. Children with ADHD utilized
objects within their environment much more frequently than did children within the
community comparison group. Indeed the majority of children within the control sample
completely ignored the objects around them. Closer examination of utilization behavior
within the ADHD sample revealed that these children were much more likely to truly
“utilize” objects than to fiddle aimlessly with them. This provides support that object-
directed behaviors seen in children with ADHD appear to reflect a true “utilization
behavior syndrome” rather than just simply fidgeting as a result of heightened activity
levels. Further corroboration was provided through exploration of self-directed motor
behaviours, which revealed that children with ADHD and control children were equally
likely to demonstrate self-touching behaviors. This argues against explanations that
children with ADHD are touching more objects simply because they are more active and
touching everything around them.

Interestingly, levels of utilization behavior within the ADHD sample were
significantly and specifically correlated with the severity of hyperactive symptomatology

as reported by parents. In contrast, self-touching behaviors and fiddling with objects
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(toying) were not. Utilization behavior was not significantly related to levels of
inattention, indicating that object utilization appears to be a behavior specifically
associated with the hyperactive component of the behavioral phenotype in ADHD, as
measured by behavioral ratings by pareﬁts. Further exploration of the data revealed that
significant utilization of objects occurred in only a portion of the ADHD sample. More
specifically, utilization behavior was significantly associated with parental and teacher
ratings of oppositional behavior within ADHD chiidren. Further, a diagnosis of
Oppositional Defiant Disorder (ODD) based on the DICA was significantly associated
with utilization behavior within the ADHD sample. Research indicates that ADHD and
ODD are frequéntly comorbid (40-60%) and that this combination of difficulties could
constitute a distinct and more severe subtype of ADHD (Tannock, 1998). However,
children with ADHD and ODD did not differ on any of the other cognitive measures
administered during the study. Thereforé, it is alsé possible that children with ADHD,
who exhibit high levels of hyperactivity characterized by utilization behavior (i.e., more
intrusive and inappropriate;hyperactive behavior) may be perceived by their teachers and
parents as more defiant and oppositional. |

In addition, this study compared levels of utilization behavior in response to
familiar i/ersus unféﬁniliar obj ects, to explore theories that utilization kbehavi(’)r‘ may
speciﬁcally result from disinhibition/release of parietal/lateral motor schemata yas a result
of djzsfunctiénwithin frontal control systems (Shallice et al., 1989). If this were true, one
would expect to see utilizaktion‘ behavior in response to objects that are familiar (for which
an individual has,dcvel‘oi)eda schemata), yet not in -responlsﬂe to unfamil‘ié,r‘ objects. |

‘Results indicated that utilization behavior was more common in response to objects that
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were familiar versus those that were unfamiliar, providing some support for theories
regarding disinhibition of lateral motor schemata (Shallice et al., 1989). Again this
supports the contention that utilization behavior in ADHD may reflect a more specific
syndrome, rather than generally heightened activity levels towards all aspects of their
environment.

Finally, exploration of utilization behavior within the ADHD sample across
different conditions revealed that, as predicted, utilization behavior was highly dependent
on the visual system. Utilization behavior occurred significantly more oﬁeﬁ in response
to objects that were in sight (on the table) compared with those objects that children were
aware of yet that were out of their line of sight. This clearly supports that visual
stimulation appears to elicit utilization behavior in this population. In addition,
ﬁtilization behavior was more was much more common during verbal tasks than during
tasks of equivalent cognitive demand where thé visual system was engagekd. This pattern
also provides corroboration for the hypothesis that utilization behavior may result from
disinhibition of a more primitive (visual) lateral motor system (Gazzaniga, Ivry, &
Mangun, 1998). That is, when the lateral motor system is engaged ina cognitive (visual)
tﬁsk utilization behavior is much 1éss Iikely to occur. In contrast, when the lateral motor
system is not occupied (during a verbal task) utilization of objects in the environment is
much more likely. Consistent with previous studies of the utilization behavior ksyndrome,
- utilization behavior also ﬁequeﬁtly oécurred during the breaks betWeen tasks (Shaﬁice et
al., 1989). | | | |

| To further explore the hypothesis that aSpec'tS of "p‘hysiCaI 'avergctivity' in ADHD,

including utilization behavior, could be a result of disinhibition of a lateral (visual) motor
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system participants also completed a number of motor tasks. These tasks were selected
and developed to assess motor abilities thought to be dependent on medial (frontal) motor
system, which was hypothesized to be functioning less efficiently in children with
ADHD. Medial motor tasks included those that assessed abilities such as motor self-
monitoring, learning/sequencing, and inhibition (Goldberg, 1985). Most tasks also
included control components that were thought to be less influenced by the above-
described medial motor abilities and more dependent on basic motor function/control.

Motor self-monitoring or the ability to maintain an internal motor representation
is an ability that has been purported to depend on the fuﬁctioning of the medial motor
system (Goldberg, 1985). In the current study, children with ADHD displayed
significant difficulty on all aspects of the motor self-monitoring tasks, including those
control components not thought to depend as heavily on medial motor pathways.
More specifically, the first two conditions of the Stirling Drawing Task (Stirling,

1999) required' children to draw geometric figures and then to choose from a selection of
very similar drawings, geheratcd by the cqimputer, the exact one that they had created.
kThere was no visual feedback present during these first two conditions and performance
therefore reqﬁired the ability ‘to maintain an intérnal representation based on

| proprioceptive feedbaék, Children with ADHD perforfned signiﬁcantly more poorly than

~ controls during both theéé motor-monitoring conditions. The Computer Drawing task

; (Mlakar et al., 1994) also asseséed the ability to maintain an internal ,rnotor‘k
represéntation. Under “nd visual feedback conditions” ‘a‘nd “incompatible feedback’

i cOnditionS” children were réquifed to iﬁaintain a rEpreéentation of the gebmetric figure

they were reprdducjing in the fabsence of feedback or in the presence of visual
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interference, respectively. Performance of children with ADHD on these tasks was again
significantly weaker than that of controls. Finally, a comparison of performance across
the first three trials of the Mirror Drawing Task revealed that children with ADHD made
significantly more errors than control children whén tracing a figure in the presence of
visual interference (reversed feedback from the mirror). There was a trend suggesting
that children with ADHD demonstrated a slower pattern of improvement (shallower
learning curve) on the task than did controls. However, is important to note that children
with ADHD also performed more poorly on the control conditions of these three
measures, which were not thought to be associated with motor self-monitoring ability. It
is possible that either the control conditions did place demands on motor self—monitorihg
and control that had not been expected, or that children with ADHD also have some
difficulty in aspects of motor control subserved by the lateral system. Observations of
children did nof suggest that difficulties were a result of impulsive responding.

Motor learning/sequencing and some aspects of inotor inhibition are alsb
hypothesized to be associated with the functioning of the medial motor system
(G;)Idberg, 1985). Results indicated that children with ADHD demonstrated signiﬂcantly
more difficulty with motor learning and sequencing' than did control childrén, as assessed
by’the‘ir ability to learn and correctly reproduce a motor ,sequence using the ’Ki mura Box
(Kiinura, _1977)' ObserVationof perfofmancc ’suggestéd‘{rue difficulties with motor
Iearning/sequencing as opp‘osed to errors due to impulsivity or i;iattention to thektask.
Childféri with ADHD alsé demdnfstréted notable difficulty on the Motor \Inhkikbitic)n Task |
(Casey et ‘alé, 1997)., The, incompatiblek'condition of the Motof Inhibition task aésessed

the ability to respond to stimuli usingfin,co'mpatible motor mappings, and hence to inhibit
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a competing and prepotent motor response based on an internalized rule. Although
children within both samples committed more errors on the incompatible versus
compatible condition of the task, children with ADHD made disproportionately more
errors during the incompatible condition. This suggests that children with ADHD display
difficulties with resisting an automatic response when required to respond in accordance
with a new rule that is incompatible with visual feedback (Casey et al., 1997).

Overall, children with ADHD demonstrated notable difficulties on measures of
motor self-monitoring, motor leaming/sequencing,k and motor inhibition; three aspects of
motor skill thought to be dependent on the medial motor system. However, the ADHD
sample also displayed difficulty on the control conditions of each task suggesting that the
control tasks may have demanded some degree of motor self-monitoring. It also could be
that children with ADHD demonstrated motor problems beyond those strictly limited to
the medial motor system. Observations of the children during testing did not suggest that
group differences were a result of lack of effort, impulsivity, or problems with
motivation. One noted limitation of this study was the lack of inclusion of established
measures of more basic motor function, such as motor speed and dexterity; However,
other studies that have addressed thesekskills have found normal performance on such
basic motor tasks not thdught to be dependent on internal controls or frontal motor
abilities (Barkley et al., 1992; Grodzinsky & Diamond, 1992; Shue & Douglas, 1992).

Finally, this study also attempted to address fhe hypothesis that an imbalance
between mediai\and klateral métor syétems could lead to utilization behavior (Goldberg,
1985). This was explored through investigatic)ns of whether ﬁti‘lization Bkehavi_or seen in

children with ADHD appeared to be associated with dysfunction within the medial motor
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system. Tasks that were theoretically related to functioning of the medial motor system
were subject to PCA yielding one well-defined factor (medial motor factor), which was
significantly correlated With levels of utilization behavior. Those measures less
dependent on the medial motor system (control conditions) were also subject to PCA
yielding one factor (external motor factor), which was not significantly related to
utilization behavior. To further explore the relationship between utilization behavior and
medial motor problems, participants were categorized as either having motor problems or
not (based on their score on the medial motor measures) and as either being “object
utilizers” or not (based on the levels of utilization behavior demonstrated). Results
indicated that the majority of individuals who demonstrated utilization behavior also
displayed medial motor problems. Further, most of those individuals who did not utilize
objects did not demonstrate medial motor problems. |

In general, Goldberg’s (1985) hypotheses regarding the utilization behavior
syndrome were supported. According to Goldberg’s theory, an imbalance between
proposed medial and lateral motor systems would lead to environmentally driven
| responding (including utilization behavior). More specifically, dySfunction within the
medial motbr system would result in disinhibition of the lateral motor system, and high
levels of visually driven responding reflected in behaviors such as object ﬁtilization. In
~ the present study, children with ADHD did display evidence of dysfunction within the
medial motor system, evident through impaired performance on a number of motor tasks
thoughtto dépend on 'm,ediral mbtor abilities. In addition, there were several lines of
evidence Supborting disinhibition of the lateral motor sy!sfem within this population. -

First, utilization behavior was much more prominent in response to objects that were in
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children’s line of sight versus objects that they were aware of which were out of sight.
This supports a strong visual component to utilization behavior, as utilization of non-seen
objects would require some mental representation and invoke the medial system. Second,
utilization behavior was much more likely to occur during non-visual activities (verbal
activities or between tasks) than during visual activities when the lateral system was
engaged. Clearly disinhibition of the lateral system would not be possible when the
visual system is occupied (Goldberg, 1985), as has been demonstrated in earlier studies
of the utilization behavior syndrome (Shallice et al., 1989). Finally, utilization behavior
appeared to be significantly associated with the dysfunction within the medial motor
system, as measured by a statistically reliable relationship between performance on tasks
thought to be dependent on medial motor abilities and levels of utilization behavior.
However, one clear limitation of the present study was the lack of inclusion of more
measures associated with the lateral/external motor system, to provide evidence of
divergent validity.

The current investigation also provided important information regarding the
nature of physical overactivity within ADHD. First, findings indicated that hyperactivity
in ADHD does appear to be characterized by ﬁigh levels of true utilization behavior, and
that utilization behavior is not merely a byproduct of heightened activity levels.
Therefore, many of the inappropriate and intrusive behaviors (distractibility and
impulsivity) seen in children with ADHD are likely a result of this “utilization behavior
syndrome” rather than intentionally or motivationally driven. Second, results indicated
that utilization behavior was clearly associated with the level of hyperactivity in children

with ADHD. Not all children within the ADHD sample demonstrated utilization
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behavior, but rather these behaviors appeared to be associated with a more severe form of
the disorder as defined by parental ratings of hyperactive behaviors. In particular,
utilization behavior was significantly associated with ratings of oppositional and defiant
behavior by parents and teachers. It is possible that ADHD comorbid with ODD
consitutes a distinct and more severe subcategory of ADHD (Tannock, 1998). On the
other hand, it is possible that children with higher levels of hyperactivity and
intrusive/impulsive behaviors (including utilization behavior) are simply perceived as
more oppositional by those who work with them. For example, they would appear to
simply disregard direct requests to not touch things in their environment, a behavior that
woﬁld likely be seen as oppositional.

The present study also provided important information regarding theoretical
conceputalizations of the primary neurocognitive deficit in ADHD. Although there have -
been several theories regarding the core deficit in ADHD, many contemporary
researchers have conceptualized the central problem to be a deficit in behavioral
inhibition (Barkley, 1997a; Barkley, 1997b; Pennington & Ozonoff, 1996; Quay, 1988;
Schachar et al., 1993; Schachar et al., 1995a). One of the more comprehensive models of
ADHD is offered by Barkley (1997b), who proposés that a primary deficit behavioral
inhibition leads to secondary impairments in four executive neuropsychological abilities -
that are dependent’ﬁpo’n behavioral inhi‘biﬁon fof their execution. Dysfunction within the
four eXecutive abilities lead to problems With motor controVﬂuenéy/Syntax and for
childrenk with ADHD to be less well controlled by internally rep’re’sented information and
more so by eé,cterhal stimuli, |

#*
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Although the current study was not entirely inconsistent with Barkley’s (1997b)
theory of ADHD, there is a more parsimonious explanation for the behavioral
symptomatology seen in this population; externalizing symptomatology within ADHD,
including hyperactivity, distractibility, and impulsivity may be the direct result of an
imbalance between medial and lateral motor systems, as a result of dysfunction within the
medial motor system. In other words, the neurocognitive deficit in ADHD may directly
reflect a disruption of frontal motor connections leading to difficulties with motor control
and motor inhibition (Niedermeyer & Naidu, 1997). This hypothesis is consistent with
previous studies that have documented impéired “frontal motor abilities” in children with
ADHD (Grodzinsky & Diamond, 1992; Shue & Douglas, 1992) and with recent
neuroimaging data suggesting that ADHD may reflect frontal-motor uncoupling as a
result of dysfunction within frontal-striatal circuits (Casey, in press; Casey, 1997 #15;
Hynd et al., 1991a; Niedermeyer & Naidu, 1997). In other words, ADHD may be better
conceptualized as reflecting a primary disorder of motor control, rather than a disorder of
behaviorél inhibition or exécutive dysfunction (Barkley, 1997b).

Finally, the present investigation also provided information that may be helpful to
consider in working with and educating children with ADHD. First, if children with
ADHD truly manifest an imbalance between medial and lateral motor abilities, this
population would be expected td be l;ighly dependent on salient environmental‘cues for
guiding their responding. In particular, visual stifnuli would be very engaging for these
children. This has clear implications for instruction in the classroom whéfeby these
childreh may learn more effectively via visual and hands-on activities, as opposed to

verbal instruction. In addition, low stimulation environments with few visual stimuli may
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be more effective in reducing distractibility and impulsivity. Finally, the intrusive and
inappropriate motor behavior seen in ADHD (particularly excessive touching and
fiddling with objects in the environment) is most li‘kely unintentional, and should be
managed sensitively.

Conclusions and Future Directions

Alfhough the present study helped to elucidate the etiology and typology of
hyperactivity within the ADHD population, there are still many unanswered questions
that could be addressed in future research.

First, one clear limitation of this study was the issue of ecological validity.
Children were tested in a novel laboratory setting by two examiners with whom they
were not familiar. Observations of utilization behavior within the childrens’ natural
environments, where they feel more comfortable in and familiar with their surroundings,
would provide useful information on the prevalenc; and significance of these behaviors
in their daily lives.

Second, not all children with ADHD exhibited utilization behavior. Utilization
behavior appeared to be both associated with the severity of hyperactivity and the
presehce of oppositional and defiant behaviors. Given the limitations of this study it was
nbt possible to determine whether children with ADHD and oppositional defiant disorder
consﬁtute a distinct and more severe subtype of ADHD, or whether high levels Qf
hyperactivity and ﬁtilization behavior are perceived more negatively by those individuals
who interact with thesé children. During the current study, it was not possible to
* determine whet’her‘children with pure ODD (not co-occurring f)vith ADHD) élso exhibit

aspects of utilization behavior. In addition observations of children within the ADHD
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sample suggested that some children appeared to be “motorically” hyperactive and some
children appeared to be more “verbally” hyperactive (e.g., talking incessantly, yet not
exhibiting high levels of fidgety or squirmy behaviors). It would be interesting to
compare levels of utilization behavior across children who manifest their overactivity in
verbal versus motoric domains. These issues warrant further study.

Third, a more clear understanding of those motor tasks used to assess the
functioning of medial and lateral motor systems is warranted. This lack of construct
validity for the measures that were used could be addressed through the use of
neuroimaging studies to confirm their association with either medial or lateral motor
pathways. It would also be helpful to investigate the performance of children with
ADHD on motor measures thought to be dependent on the external/lateral motor system.

Finally, the investigation of the relationship between medial motor abilities and
utilization behavior, and various forms of inhibition associated with distinct frontal-
striatal circuits (Casey, in press), would provide more specific information on the relation
of behavioral inhibition to frontal motor abilities and utilization behavior within the
ADHD population.
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