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ABSTRACT ~

. . :
The goal of this study was to explore the utility of a

‘number of variables in the prediction of response to

¢

methylphenidate treatment in hyperactive boys. A
double-blind crossover design was employed. The 96 boys
(aged 6 to 14 years) received methylphenidate and placebo in o
one of two orders: Drug—Piacebo—Drug‘of P&acebo—Druq—Placebo:
Response to methylphenldate was evaluated employing the
Continuous Performance Test’ (errors ;§\0m1551ons and errors
of.commission), the Matching Familiar Flgures Test (1atency.
and number ofuerrors), Conners' Parent Symptom Questionnai;e
Imﬁulsive—ﬂyperactive scale;-and Conners' Teacher Rating
Scale'HypeféctiQity scale. Fourteen definitions of respgnse
were derived from these measures, and ten of them were
employed as dependent variables in the subsequent analyses.
Two sets of 1ndependent variables were employed to predict
response to treatment. These were (1) dlagn051s on a blnary

classification scheme of braln dysfunctlon - no ‘brain

dysfunction and learning difficulty - no learning diﬁficuity, -

and (2) neuropsychologioal test factor scores.

There was a higher percentage of regponders in the brain
'dysfunctfon group than in the no braiﬁ dysfunction group, and
in the learning diffioulty group than the no learning
difficulty group. However, Chi-squared (x2)} analysis of

these variables failed to reach significance.’ Discriminant

ix
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funcéioh analyses utilizing néuroésycho;ogiéal‘tést‘factor'
scoréﬁ as predictors of response, and subsequent oneLway'
analyses of variance of-the factor scores, and t*%est
analyses of the actual test variables invwolved prov1ded
evidence. of a significant- relatlonshlp between
;neuropsychologlcal test scores and response deflned in ‘terms
of\?ertaln measures of attention. Responders were found to
pefform mo;é pqorly on.neuropsychological tests than
nonresponders., These results were interp:é;ed_as reflecting
a relationship between neﬁropsycholog}cal impairment and

response to methylphenidate.
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CHAPTER I -

“

'}: ' INTRODUCTION
. . SN
The-present study was concerned with the prediction of
response of hyperactive boys to treatment with
methylphenidate. It has been recognized in ghe literature
that not all hyperactive children respond to stimulant drugs
sufficiehtly well to warrant the continuance éf this
particular method of treatment for them. A number of studies
have attempted to predict response to stimulanf drugg, iﬁ an
effort to provide information that would lead to drug .k‘, r
treatment only for those children who woulé be most likely to
benefit from it. Two of the problems involved in studies gf
this nature are arriving at a suitable éefinition of response
to treatment, and finaing.appropriate,predicﬁors of Fhat
response. These two issues have been addrgssed'in the
présent study, the goal of which was to explore the utility
of the following variables in preqicting response to
methylphenidate: dfégnésis of presence or ;bsence of brain

dysfunction and learning difficulty and neuropsycholog&d.l

testsi

-

Chapter I of this thesis reviews the following
background informatiqn about Hyperactivity: terminolégy
involved and cLinical;pictgre p%esented; prevalence; history
and prognosis} treatment intervention; pharmacology, dosage,
and drug effects of methylphenidate; and methodology of

treatment intervention studies. This is followed by a

S
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review of tﬁgpaifferent ways response to treatment has'been

defined in the literature and a review of studies employing

various predictors of response, Chapter I concludes with a

statement of the issues under investigation in the present
study.

The methodology of the present study, including
describtion of subjects, thé assessment measurés employed as
independent and dependent variables, the procedure, and the
data preparation is presented in Chapter II. Chapte? IIT
presents. the analyses é%bloyed and. the fesdlts of this séudy.

~ . .
These results are.-discussed in Chapter IV, which concludes

. with cggments'on the present study and”sqggestions for future

research.

~

Background Information

Terminology/Clinical Picture .

Hyperactivity is a common presenting probl¢gm seen amohg
children referred to child guidance clinics and related
facilities (CantweIl,‘1977; Coleman, 1976, pp.
Trites, l959a){ A:satisfactory definition of hyperactivity
appears to be lacking at present (Kinsbourne & Swanson, 1979;
Lahey, Stempniak, Robinson & Tyroler, 1978; Trites, 1979%a),
making criteria for diagnosis and/or:inclusion of subjects in
research studies vary with different clinicians and
expefimenters (Barkley, 1976; Douglas,’i972; Rie, Rie,

Stewart & Ambuel, 1976; Trites; 1979b; Wolraich, 1977).

Y
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" The terms "minimal brain aamage", "minimal bfain
dysfunction", "hyperactiwity" and "hyperkinesis“ have_often
been used interchanéeably, leadiﬁg to much confusion in the
literature. These te?ms have been used inﬂdifferent_ways by
different investigators. BAs a result, "the same children end
up being described in different terms, and different children
by the same termg" (Cantwell, 1977, p. 524). Bébause brain
éamaged chiidren ére'often hyperactive, brain injury of some
sort was often assumed to underlie the behavior of
hyperactive children (Douglas, 1972; Dubey, 1976; Millichap &
Johnson, 197?; Sroufe & Stewart, 1973; Trites, 1979a). Hence
the origin of 'terms such as minimal brain dysfunction (MéD).
Clements and Peters (1962) provided a 1is£ of a number of &
characteristics associated with what they térmed "MBD", which
proved to have considerable influence on subseguent studies
involving hyperactive child?en. These éﬂaracteristics were:
(1) specific learning aeficits, (2) perceptual-motor
deficits, (3) general coordination deficits, (4)
hyperkinesis, {5) impulsivity, (6) emotional lability, (7)
short attention span and/or motor distractibility, (8}
equivocaI'neurological signs and (9) borderline abnormal or
abnormal EEGB\\” -

The term MBD carries with it a number of implications,
the first being that cerebral dysfunction is present and I

‘

presumably plays a causative role in the behavioral

manifestations of so-called MBD. This is held to be the case



even though presént,methods of investigation may not be able
to demonstrafe this brain dysfunction (Benton, 1973;
Cantwell, 1977). Subtle manifestations of brain dysfunction
are thus believed to be involved in the hyperactivity of many
more of these children than has currently been demonstrated.
Dubgy (1976), addressing this issue, suggests that "an
assumptién of-organicity inlthe abséﬁc;iof clear indicators
is unwarranted” (p. 365). ﬁe goncludes'from his review of
organic factors in hyperactivity that "the evidence taken as
a whole does not strongly support the notion'fhat'organic
factors play a significan% role in the behavior problems of
most hyperactive children” (p. 362). " That is not to say that
organicity does not play a significant role in the problems
of some hyperactive children, a point Dubey reaéfly concedes.
However, due to the pPresent uncertainty about the role of '/\\’”
brain dysfunction in hyperactivity, the term MBD does not
appear to be particulérly appropriate. )

The second implication of the term MBD stemslzﬁbm the
adjective "mfhimal“. This adjective reflects tﬁe assumption
that the more severe the behavioral manifestation, the more
severe the underlying brain pathology. Hence, sihce the
behavioral manifestations of MBP are relatively mild (for
instance, as compared.to thaose involved in mental retardation.
of‘cerebral palsy), the underlying brain dygfunction must
also be mild (Benton, 1973). Benion (1973), after reviewing‘

the role of brain damage on behavior (e.g., in ablation
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studies in animals, cases of aphasia, and hemispherectomy

patients} concluded:

:“ﬁ

.
This mass of eyidence points to the fact that cerebral
lesions in children must either be quite extensive,

or have specific disorganizing functional properties

in order to produce important behavioral abnormalities.

It follows, I think, that if the behavioral deviations -
defining MBD are to be ascribed to brain damage or
dysfunction, then that damage or dysfunction can

hardly be minimal in character (p. 30).

Further problems with the term MBD emerge with the issue -
of learning disabilities. To illustrate: Knights and Hinton

(1969) studied the effects of methylphenidate on behavior and

“n

" motor skills in 40 children diagnosed ds MBD. Four chief
presenting complaints were used as criteria for MBD ané hence
inclusion in the study. These were: (;) "hyperactive, poor
attention span, distractibleé, (2) "reading, spelling,
arithmetic proplems", (3) "generally slow progress,lfailure"
and (4) "clumsy, poor coordination" (p. 644). The term MBD
seems to serve as a catch-ali fo; what are pbtential;y.fou;
separate and distinct gréﬁps of difficulties. Hyperactibity,
scheol di}ficulty, and clumsingss are all grouped together
under one term. Of relevance here is Rie et al's (1976)
conclusion: "Children selected on- the basis of both
hyperactivity and learning disabilities may be unjustifiably
regarded as representative of either population™ (p. 259).

To this could be added, that children selected on the basis-

of any one of the four presenting complaints above, could be



unjusgifiably regQrded as representative of the others, under
the term MBD. Hence studies employing the criteria of MBD
for subject selection, may have such a diverse group of
children so as to mask any systematic-results that may épply
to the different groups of children. Rie et al (1976) found
little ta support ”tﬁe pfesumed coexistance of hyperactivity,
organicity, and learning disordersﬁ in their sample of
underachieving children (p. 259). This finding supports the
suggestion that finer distinctions of symptomé than those
offéred under the diagnosis of MBP are needed when chdosing
SUBjects for research. Cliniqal implications areﬁpresent as
well. 1If the best treatment for each child is to be found,
fﬁhe,clinibian must be qble to recommend a treatment Fhat has
béeﬁ found useful for.other children with the same kinas of
probiems. The tr?apment intgrventiogs for a hyperactive
child and a child with learning disabilities are not
necessarily the same, as might be implied were'both these
types of problems viewed as variants of MBD.
To.recapitulate: (1) Available ind&ces of brain

dysfunc;ion have not found it to play a significant role in
the behavior problems of most hyperactive children. (2) If
brain dysfunction, detectable by current methods, or not, is
an important facgor,.whether this brain dfsfunctign is
miﬂimal or more severe, és Benton (1973) suggests, remains

. unanswered as yet. (3) Hyperactivity and learning

&

disability are often independent of each othe¥, and to

S
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include béth gﬁder the same rubric has presented subject

selection problems in research and diagnostic tangles in -

clinical practise. This list by no me&ns exhausts the
¥ problems encounterea_yith the term MBD, but considerations
like the preceding have led to a move away from the MBD
terminology to that of simply "hyperactivity", (which is not
without probiems 6f its own, however; i.e., confusing the
term "hyperactivity" with the single 'symptom of motor
over-activity).

The symptoms of motor over-activity, distractibility andg
short attention span, impulsivity and'eicitability have been
consistently reported in the liSerature (Connegs, 1970;
Conners & Webb, 1979; Kldve & Hole, 1979; Stewart, Pitts,
‘Craig & Dieruf, 1966; Werry, Minde, Guzman, WéissLUHogan &

Hoy, 1972) and may be gonsidered to be the "cardinéf
symptoms" of hyperactivity (Cantwell, 1977}. Other symptoms
that are often, but ﬁot-necessarily associated with
hyperactiviti-are aggression and antisocial behavior,
cognitive andrlearning disabilities, depression and low
self-esteem (Cantwell, '1977). hccprding to Klein and
Gittelman—~Klein (1971) hyperactivity is characterized by the
_relatively high intercorrelatipn between the different

symp tcems described above, but éach symptom in itself is
neither sufficient nor necessafy for establishing the
diagnosis of hyperactivity. Loney,'Langhorne and-Paternité
(1978) speak on similar terms to Cantwell's (1977) when they

describe primary or core symptoms (e.g; motor overactivity

A
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and: inattention) and secondary symptoms-{e.g. self-esteem

L . .
deficit and delinquent behavior). Doyglas (1972) has argued

foq attention deficits and impulsivity, i.e. the,inability_to
! ‘ ) - :

"stop, look and.listen” as the identifying character&étics‘pf
| . e

hyﬁeractivity, with ot@er symptoms as adjuncts, present in

soﬁe, but not all hyperactive children.

Lt

Clearly, hyperactivity is not a unitary disorder in »
terms of symptoms, or 'in terms of etiology. The view of
hyperactivity as being the result of different causative

[

agents in aifferent‘children (Du ' %?76; Lambert,
Wiﬁdmille;,‘$éndoval & Moore, 1976), the "final common '
pafhway fé}‘a wide variety of possible etiologies::r ( Ferguson
& Pappas, 1979, p. 62), hé; become widely accepted. 'With

this view of diverse symptomotology and etiology have come a

number of approaches to subgrouping hyperactive chikdrén

£ »

For_eiample; Fish's (1971) diagnostic categories; Rutter,
Shéffer and Shepard's (1977, p. 53Q) four subcategories, as

présented to the World Health Organization; Conners' (1971,

. 1972a) profile typef; Loney, Langhorne and Paternité&'s (1978)

twb binary dimensions of hyperactivity and aggression; Lahey

. etlal's (1978) separation of hyperactive from léarning

diéability groups; and Ferguson and TritesN~{I9%9) two binary
diﬁenéions of learning difficulty and brain dysfunction.

Maby factofs are undoubtedly ipvolved in the overall picture
of%hyperabtivity for different children, i.e., personality
va?iableé, family variables, o;gaﬁicity, learning difficulty,

cobduct disorder etc. and subgrouping can take into account

1
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. widely‘with the criteria for diagnosis, methods of

different combinations of these variables. ' The utlllty of

" these subgrouplngs rests with their treatment 1mpllcat10ns,

which provides the rationale for the present study.

Prevalence

The estimates of the prevalence of hyperactivity vary

investigation and population studied. Studies using r
using direct observation {Cantwell, 1977). It ha

are hyperactive and 50% of all childhood behavior\ problem
referrals are fér MBD or hfperactivity {Sandoval,
Stewart, et al, 1966; Wender, 1971). Using a crite
1.5 or more on the Conners' Teécher.Rating Scale (TRS
Hyperactivity.factor, 22% of boys attending regular school
were identified as being hyperactive, and a criterion of 1,8
or more identified 11% of boys attending regular school as
being hyperactive (Trités, 1979b). Although these est%maggs
may vary cowfi?erably, there is no questlon that a

significant proportion of school—aged chLIHren, especially

boys, are affected.

History and Prognosis

Whereas early investigators believed that the
-

hyperactive child outgrew his symétoms, it now appears that



although the symptom of overactivity may diminish with agqe,
+*

' the prognosis for untreated hyperactive children may be gquite

poor (Cantwell, 1977). Follow-up studies of children treated

with stimulant drugs have not been encouraging so far, either

,(Barkley,-1977; WOlréich, 1977). Hyperactive children often

encounter social and educational difficulties (Rig eF al,
1976) which seem to persist. Low self esEee s poor
sel f-image, depresSipn and a sense of failure are common,
according to Cantwell (1977}. ﬁyberact;ve children may be at
risk for alcohol abuse as well as other behavidral |
difficulties. (Blouin, Bornstein & Trites, 1978a,b). Perhaps
such discouraging results can be explained by limited
treatment approaches, and pdor matching of individual '
children to the treatment program best suited to each child.
Treatment ) - ,- -z/ﬁ\\.
.Treatmené approaches toiﬁyperactivity include drug
intervention (Barkley, 1977; Wolraich, 19711,\g335/goﬁtr01

(Tryphonas, 1979), behavior modification techniques (Mash &
Dalby, 1979}, and individual psychotherapy (Cantwell, 1977),
among othe;s. Thg present review will'focus on stimulant
drugs as a treatment‘approach.

' Sincé Bradley's (1938-1939) report on the effectiveness

of stimulant drugs in the treatment of children's behavior

. disorders, much effort has been directed at furthering this

investigation, especially with children described as MBD or

T e ————am -
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hyperactive. Drug treatment is the easiest, least time -
consuming, and for the previous two reasons, the most .
frequentiy used intervention technique with hyperactive

children (Cantwell, 1977). Millichap (1973) suggested that:

The ideal drug for treatment of children with MBD

should control hyperactivity, increase the span of

attention, reduce impulsive and aggressive behavior,

and have measurable beneficial effects on visual

and auditory perception, reading ability, and

coordination, without inducing insomnia, anorexia,

drowsiness or other more serious toxic effects (p.

321). .
Millichap (1973) concluded that methylphenidate is the
treatment of choice (although, even so, it does not do all
that his "ideal drug" should d5). For those children who
develop tolerance to methylphenidate or show no improvement,
dextroamphetamine (d—amphetamine) would be the second choice.
Anorexia, insomnia, headache, stomachaché, nausea,
tearfulness, and pallor are cpmmon side effects of both these
. stimdlant drugs (i.e., methylphenidate and d-amphetamine),
but anorexia and insomnia seem to be more frequent and more
severe with d-amphetamine than with methylghenidaﬁe
(Cantwell, 1977). D-amphetamine is aiso reported to inhibit
weight gain more than methylphenidate (Safer, Allen & Barr,
1972) and td suppress height gain (Safer & Allen, 1973). The
choice of methylphenidate over d-amphetamine is reflected in

the number of recent studies employing the former.

A thorough, recent review of the literature on stimulant

L
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v
drug therapy with hyperactive children (110 studies)

(ﬁarkléy, 1977) supports the claims of a high degree of
effectiveness of stimulant medication in improving attention -
span, reducing distractibility, restlessness and
overactivity, and reducing impulsivity. Although it seems to
folléw that this kind of behavioral improvement should

facilitate academic performance, a review of academic outcome

studies has not supported this contention (Barkley &

" Cunningham, 1978). These authors concluded that the major

effects of stimulants appears to be an improvement in

classroom manageability, rather than an improvement in

academic performance. Rie and co~workers' (1976) suggested
that with drdg treatment, there is a reduction not only of
the behaviors that interfere with learning, but also of the
desirable behaviors -that faciligétg it (spontaneity,
curiosity, initiative and interest). Children with leafning

disabilities only, would not appear to benefit from drug

. treatment, and for those hyperactive children with learning

lemd whose behavior improves on drugs, but whoée acadeﬁic
tili behind,'remediql help is'needed.

The sponse of hyperactive children to stimulaﬁt drugs
has been called "paradoxical" since these children appeaﬁ‘to
become more quiet rather than stimulaée&'when treated with
these drugs. It was widely believed that amphetamines

and methylphenidate served to stimulate adults, or normal

children, but that these drugs somehow worked in the opposite

"
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way for hyperactives. These vieﬁg have been questionned
recently as having no SCiéntific data to support' them
{Axelrod & Bailey, 1979; Tantwell & Carlson, 1978?&Kl¢ve &
Hole, 1979; Werry, 1976). The hypothesis of equivalent drug
effects for adults, normal and clinical groups of children,
including hyperactivity, is gaining support in the
literature. The pharmacological effect of stimulant drﬁgs
seen in hyperactive children is lér ly one of heightened
efficiency and alertness, which i§ seen in normal adults
given comparable doses of stimulants, as well (Cantwell &
Carlson, 1978; Rapoport, Buchsbaum, Zahn, Weingartner,
Ludlow, & Mikkelsen, 1978; Werry, 1976). Safer and Allen
{1976) state that whereas stimulants can produce_euphoria in
adults, this ‘does not occur in children. Cantwell ;Qd
Carlson (1978) criticize this opinion, stating that little
research has been conducéed on this aspect of drug effects,
and that what research has been done does sugéest, if not
éuphoria, some positive mood change in some childyén taking
stimulant drugs. (Tearfulness, sadness, and irfitabilityfare
other mbod changes reported for some children.) ”ﬁﬁéodl
effects" are likely related to dosage. : |

The view that stimulants do ﬁ;t effect hyperactive
children in a unique manner compared to othér pediétric
populations is suggested by the fact that children'seleéted

for treatment on the basis of teacher recommendation alone,

delinguent behavior without motor restlessness or attentional

w4
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deficit% and ‘learning disorder without behavioral
disturbance;* all show similar shott—term improvement in
attention, and decrease in restless~impulsive behaV1or when
taking stimulants (Rapoport €t al, 1978). Positive response
to stlmulants in hyperactlvg hildren who respond to 7
stimulants is directly dose related; a "responder" that is
overdosed or underdosed will show less than opttimal
improvemen% (Kinsbourne & Swanson, 1980). Presumably,
children in other clinical groups and normal children who are
responders would have an Optimal‘dose, as well.

In a study of (W normal pregpubertal boys, Rapoport et al
(1978) reported that d-amphetamine decreased motor activity
and improved attentional performance (faster reaction time,
superior memory, and improved vigilence). Thete was also an
increese in task-related descriptive speech, and a decrease
in speech that was not task-related. These results are

coh51stent w1th those reported for hyperactive chlldren

recémylng stimulant drugs. Nelthe; self-rated nor observer

rated mood effects were significant. They concludel: "ihpse
-results indicate that models of MBD which assume that '
patients have an eltered‘pehavioral response to stimulants
EOmpared to normal childrenware not appropriate for the

4
hyperactive child syndrome" (p. 562). A study of the effects

of d- -amphetamine. on language performance in hyperadflve and

2Ll e e A e

normal boys (Ludlow, Rapoport, Bassich, & Mikkelsen; 1980)

[P

-‘found that d-amphetamine had a beneficial effect on’their

- R

\‘_‘
R - TR S

/



15

language performance' and improved the linguistic comblexity

of their speech, as well. D-amphetamine reduced impulsi

speech in both groups. Normal subjects also improved in

speech fluency, and.taskfdirected speech. They conclude

ve

d

that "the greater enhancement of performance in Ege normal

subjects implies that stimulant administration can benef

¢

the cognitjve performance of subjects who are without

it

deficits in selective attention, inhibition, or cognition®

(p. 204). . ’!

{ - . .
"In contrast to the above, Swanson & Kinsbourne (1976)

. -

found that while their 32 hyperactive subjectg,being treated

with methylphenidate did perform better on a paired associate

‘e

learning task, their 16 non—hj’eractive subjects, who were

also being treated with methylphenidate, did not demonstrate

’ .

- this facilitated perfor@ance.

The fact that some normal children have been shown

respond favourably to stimulants raises a-number of ques

to

tions

relevant to the study of response in hyperactive children,

For instance, would the percentage of responders and

nonresponders to stimulants in normal children be comparﬁble'

to the data for hyperactive children? ,Would extended

treatment maintain the behavioral and attentional chahges

shown, or would normal children return to their pre-drug

ievels? Could response.be predicted for normal children, and

would thHe same kinds,oﬁ predictors apply to the hyperactive

population? How would the "optimal" dose for normals compare
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to that of hyperactives? Given that some normal children do
respond to stimulants makes it perhap§ more surprising that
some hyperactives do not. Very little research has been done
with normal childfén\and stimulant drﬁés‘for obvious éthicél
reasons. It seems thég answers ;egardlng who responds @nd

why will most likely be comlng from contlnued studyﬁof_
.

. children whose everyday life may'be benefitted from drugs,

thatvis, hyperactive children or perhaps other "problem”

children.

Methylphenidate: Pharmacology ' . N

"MethyIphenldate is a piperidine derivitive with a

structural relationship to amphetamine ... It is a '
mild central nervous system stimulant with mental

effects more prominent- than motor effects. The

pharmacologic properties are essentially those of

amphetamine. It produces central nervous stimulation,

an increase in arousal level, stimulation of smogth

muscle and cardiovascular responses, and stimulation

of the central reticular formation and the resplratory
center (White, 1977, p. 8).

Almost all of the drug is metabolized with little appearing

unchanged in the urine. Methylpheniéate disappears soO

. rapidly from plasma after oral administration that the plasma

half-life is difficult to determine. Measuring a 20 mg dose

of cl4 methylphenidate revealed peak levels in adults at ﬂ

about two hours, with a half-life of two to seven hours.” The

onsisted of metabolites, almost all of which

A

appeared‘in the urine by 72 hours (Faraj, Isreali, Perel,

A

.
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Jenkins, Holtzman, Cocinill, & Dayton, 1974).

Methylphenidate: Dose Response and Time Action Relationships

Werry and Sprague (1974) found that hyperactive
children's -performance on a picture récogpition test was best
gt a daily dosage of .3 mg/kg, but that long term behavioral
changes measured by the Conners' Parent Symbtom Questionnaire
(PSQ) required .7 to 1 mg/kg da%}y for optimal response.
Sprague and Sleator (1977} showed that_for hyperacfive
children; a peak enhancement of'TEarning occurred with a dose
of .3 mg/kg daily, énd that a decrement in learning occurred
with a higEer dose. Social behavior showed the greatest
improvement when the dose was 1 mg/kg daily. ¢

In a study measuring the effect of methylphenidate on
hyperactive children's perfofﬁance én a.paired associate '
learniné tésk, Swanson, Kinsbourhe, Roberts, and Zucker
(1gi8) found that resp;nders reached their peak of accuracy

between one and two hours after drug administration, and that

the effect was almost completely over after four hours.

"

Methylphenidateﬁ Recommended Dosage

The recommended'dosage of methylphenidate varies
considerably. Safef and Allen 61976) state that the average
daily dose of méthylghenidate is 20 to 30 mg. The dose cited

.in American papers and,which is' recommended by the 1975

report of the American Academy of Pediatrics (Council on
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child Health);is 2 mg/kg daily (Werry, 1976). This can mean

_a dose of as much as 80 mg a day for the larger child. .Werry

(1976) commented that this dose "is mis-stated to appear
essential when in fact it should be regarded as highly
excepfional" (p. 83). The Compendium of Pharmaceuticals and
Specialties (1980), published by the Canadian Pharmacéﬁ%ical

Association, gives the following dosage recommendations:

"In children with MBD, start with small doses {e.g.

5 to 10 mg, three times daily), with weekly increments

of 5 to 10 mg in the daily dosage. Dosage should be

individualized on thg basis of factors such as-aqge,

body weight, and individual response. Daily dosage

above 60 mg is not recommended" (p. 500).

_The work of Sprague and Sleator (1977) mentiéhed above,
suggests that on'a'group basis, a daily dose of .5 mg/kg
should show positive effects for both cognitive ability and

e . '
behavior. Due to the fact that individual response is so
very idiosyncratic (Cantwell & Carlson, 1978; Kinsbourne &
Swanson, 1979) the optimal dose for an individual cannot be
'horked out ‘on a mg/kg basis, and careful individual titration
is necessary (Kingbburne & Swanson, 1979). (However, for
research studies of groups of children, standardized dosages
{i.e., mg/kg) are necessary to avoid the coOnfounding of
dosage with individual subject variation. Further discussion
of this iséue follows in the next section.) With research

showingqfhat in many ‘cases smaller doses are sufficient,

recommended doses appear to be becoming more conservative.

3



T

19

h

Methodology of Treatment Intervention Studies

Before one can draw inferences and conclusions from

)
,hggééarch“ it is necessary to insure that the methodology of

£he'§eseaych'under'coﬁsideratio;-is acceptable., Sprague and
We {} (1971) ané Spragué f1979) presented what they
cggéldqred to be minimal requirements for souné research into
treatment intgrjlntién. Much of ‘the research in the area of
stimulant drug treatment for hyperactive children has fallen
short of these reqq;réments,jlimiting the conciusiveness of
these efforts. Sprague and Werry's requirements are the
following: (1) plécebo control,- (2) random assignment of
subjects, (3) double-blind conéitions, (4) standaédized
dosages, (5) standardized evaluations, (6} appropriaée
statistical analysis and (7) comparitive efficacyf Placebo

control and double-blind conditions are essential to control

for expectancy effects. Random assignment of subjects is

- necessary to eliminate bias in the sample, and if a matched -

pair-design is used, the member of each pair should be

<
assigned randomly to Fhe sequenées of treatment to/;ontrol
for order effects. Standardized dosages, a condition that
few of the studies reviewed met, are necessafy, because
without standardized dosages there is a confounding of dosage
with individual subject variation,'ana it is impossible to

separate the two. . The work of Sprague and Sleator (1977)

suggests that on a group basis a daily dosage of .5 mg’per kg

.of body weight should lead to improvements in cognitive
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gbilities and social behavior.‘ Even if this is not the
optimal dose for a particular bject, it should still be
sufficient to produce a deteftable improvement in those
- subjects who are responders (Ferguson & Trites, 1980).
Standardized evaluations requiéé‘that the measure used must
have been used before and/or empirical information on basic
reliability and validity must be available. With regard to
statistics, the statiétids chosen should be appropriate to
the study and the basic assumptions of any particular
statistical test must be respected. 1In stuéies on treatment
evaluation Sprague (1979) requires that any new treatment
being assessed must be compared to curfent accepted
treatments in terms of efficacy and cost/benefit. X e
Werry and Sprague (1974) have ppinted 6ut the advantages -
of using a crossoQér design. Not only doés it control for
differencés betweel subjects, it éllgws'for fewer subjects,
and since each child recéives each condition, useful clinical
information is available for the treatment of each child.

\

The Need for Prediction

4

Although stimulant drugs are mégéufrequently the
t;eatment of choice for hyperactive children, it is
acknowledged in the literature that ﬁot all hyperactive
children respond, or respond favourably to stimulant

medication (Barcai, 1971; Barkley, 1977; Rapoport, Quinn,
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Bradbard, Riddle & Brooks, 1974; Safer.& Allen, 1976; Weiss,
Minde, Douglas, Werry & Sykes, 1971).1 Identifying the
variables which discriminate responders from nonresponders
would allow the clinician to better decide who should or
shopld not be treated with stimulants, and would pro@ide the
sci§§tist with informatién that may help explain the eEiology
and pathophysiology underlying the behavior in diffe:eh;
groups of.hyperactive children. Before discussing prediction
of response, however, the question of how response to
medicatibn is defined must be addressed. This review will
first cover dependent orvcriteriOn variableé, that is, how
response has been defihed in the literature. Followiqg this
discussion will be a review of studies predicting response to

stimulant drug treatment, using a variety of predictor

variables.

Defining Response to Stimulant Drug Treatment

Whé?glp many earlier studies (e.g. Conrad & Insel, 1967;
Levy, 1966) simply employed an investigator's judgment of
response . -the subjectivity of this kind' of criteria is not
acceptable in presént day research studies. Standardized
evaluation measures are clearly requirgd. Even with more
objective, or at'least quantifiable measures, for example,
parent and teacher rating scales, single measures can be
misleading, because the behavior of hyperactive children (or

any children, for that matter) differs inii?fferent

B e
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_environments (Langhorne, Loney, Paternit& & Bechtoldt, 1976).

It ig necessary to meastre objectively a variety of specific
variables to determine how the hyperactive child's behavior
is.ér is not affected by stimulants (Barkley: 1976).

So far, the majority of drug reseatrch with hyperactive
chi%dren has used some type of rating scalg completed by
parénts, teachers, clinicians, or independent raters
(Badkley, 1977; Wolraich, 1977). Reviews of outcome studies
by arkiey (1977) and Wolraich (19i7) vouch for the
sengitivity of behayior rating scales to drug treatment
effects. The Conners' Parent Symptom Questionnaire (RSQ)
(Conhers, 1970) and the Conners' Teacher Rating Scale (TRS)
{Conhers, 1969) have been used frequently in recent studies. .

Conners, Taylor, Meo, Kurtz and Fournier (1972) in ér
doublle-blind study of 81 children grouped into pemoline,
d-amp eqé;ine, and placebo groups, found that both the PSQ
and TRé hyperactivity scales were sensitive to drug effect.
Arnold, Wender, McCloskey and Snyder (1972) in a double—blind
crossover study of 1l subjects who received levo-amphetamine,
d-amphetamine and placebo, found both -the PSQ and TRS
hyperactivity sca{e resu{ts significantly different for drug
compared to placebo. Rapoport et al (1974) compared
(double-blind) 76 subjects grouped into imipramine, |
methylphenidate and placebo groups, and found a significant
drug effect using both PSQ and TRS hyperactivity'scales.

Conﬁers (1972a) in a double-blind uncrossed study of 75
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subjects receiving either methylphenidate, d—amphetaQine, or
-placebo, found a significant drug effect on the hyperactivity
;cale of both the TRS and PSQ. Finnerty, Soltys and Cole
(1971) in a double-blind uncrossed study of 20 subjects found
no significant drug effect for d-amphetamine on the PSQ
hyperactivity scale. Werry and'Spfague {1974) in a
double-blind crossover study of 37 subjects receiving placebo
and three different dosages of methylphenidate found a.
significant drug effect on the TRS hyperactivity scale buf
not on the PSQ hyparactivity scale. Huestis, Arnold and
Smeltzer (1975) in a double-blind crossover study of 18
subjects receiving placebo, caffeine, methylphehidate and
d-amphetamine found a significant drug effect for
methylphenidate and d-amphetamine and a significant caffeine
vs. drug effect using the TRS hyperactivity scale. The less
successful rate fag;d for the parent scale in'these and other

s;udies, as compared to the teacher scale, can\probably be

explained by several factors. The home situation is usually
less task demanding and has a lowér adult/child ratio
compared to the classroom environment (Wolfaich, 1977). Thus
situatéons in which the child's hyperactive symptoms. usually
manifest themselves, e.g. wﬁen he has to sit still and work
on an assignment, when he has to wait his turn and share an
adult's attgntion‘with many other children, etc., occur with
greater;freqﬁency in the school than the home situation.

‘When medication is given only in a morning dose and not on
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weekends, as in Ehe studies above by Finnerty et al (1971)
and Werry and Sprague (1974), the drug effect may be worn off
By the time the child comes home from school. |

Werry and Sprague (1974) concluded that teacher ratings
were "stable, sensitive, and informative, and were the best
source of information for the assessing dfug effect" (p. 17).
Behavior rating écales have_the advantage of giving a global
impression, ‘in contrast to direct behavioral observation,
which can only look at a small segment of behavior at a time
(Wolraich, 1977). Their ease éf administration give them a
Practical Qalue abeve many other measures. However, they are
subjective, and their reliability depends on who is doing the
rating. Barkley (1977) criticized the rating scales on three -
grounds. First, there are simply too many rating scales in
use with little regard to their construction and relationship
to other scales already in® use. The trend towafds using
Conners' scales is encouraglng in reference to thls first
problem. Conners (1970) has shewn hlgh congruence between
his ratlng scale symptom clusters and psychiatric dlagn051s
based on more extensive data. ' As more stgd;es employ the

| _

Same measures, more\meaningfuf comparisoné and conclusions
can be drawn from the literature. Barkley's second (1977)
criticism concerns the lack of information with‘regard'to
reliability of these‘ratings scales, either test-retest or
intef:rater. A recent report by Trites (l97§b) sheds some
light on this issue. One thousand, one hundfed and

<%



fifty-four school children were each rated by two of their

teachers who knéw them well. The two teachers were asked™not
to'consult with each other regarding their ratings of a
particular Child.. High inter-rater agreement for thé
hyperactivity scale of the TRS was achieved. 1In addition,
for 747 cases, ratings were obtained from the child's teacher
and a trained independent obse%ver who spent half a day in
the child;s Qlassroém. The results here showed substantial
differences‘betweén thg‘ratings made by the teacher and-the
external rater. Wolraich's (1976) c?mment, above, about
behavior rating scales is relevent here. He applauded rating
scales Epr giving a global impression, in contrast to'éirect
behavioral observation, which can only.loock at a small sample
of behavior at a time, The teacher's rating of a pupil she
QEals with every day would appear to be of a global nature,
whereas tﬁe rating scale completed by an external observer
would appear to more closely resemble direct behavioral
ébservation. Barkley's (1977) third issue involves validity.
There is little information available cn the behavior rating
scales?' relationship-to the constructs they purport to
measure e.g, aggression, attention, impulsivity. Tﬁus,
Barkley (1977) recommends that future drug studies use
objective measures of the constructs under investigation in
addition to the rating scales in»order to clarify the’
relationships among these measures.

A number of tests and measures have been used to assess
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" a variety of behavioral and psychological construcfs.“ For
instance: intelligence tests, achievement tests; meaéﬁsz of
impulsiv£:§ and attention, measures of drawing aﬁd cpinng
ability, and measﬁres of activity level. Barkley (1977) has
presenteﬁ‘a thorough review of these measures, hence the .
present review will focps on measures of iméulsiyity and
attention span, thch have particular relevance ﬁo-the
present study. Before feviewing'séme of theéé studies,
however, a few comments will be presented regardiﬁg'these
other measures. .Given the inconsisténcy of findings in the
area of intelligence tests, achievement tests, and tests of ;
drawing and copying ability, it is most likely that the
positive results reportea by a few studies were due to
increased concentration or attentiveﬁess rather than to
changes ,in the various abilities during drug treatment
iBarkley; 1977; Conners, 197lb; Conners, 1972P; bouglas,
1972; Weiss et al, 1971}. While stimulant drugs apbear to
reduce activity level, such findings are less predictable
than those of studies employing measures of attention. The
changes in activity level observed appear to depend on a
numbér of factors such as the type of setting (e.g., free.
play, or structured setting), type of activity measured
(e.g., wr;st, ankle, locomotor, etc.), and the tfpe of .
instrument:used‘to assess the type of activity (e.q., wrisﬁ
actometers;'pedometers, stabilehetric cushions, grid-marked

playrooms, etc.) (Barkley, 1977; Barkley & Ullman, 1975;



27

.Shaffer, McNamara & Plncus, 1974).

Attention span and 1mpu151v1ty have been assessed by a
number of tests and:measures. These include the Matchlngr
Familiar Figures test (MEFJ_(Kagan, Rosman, Day;_Albert &
‘Phillips;'1964) and tmeﬁC0ntinuous PerformaucelTest_(CP&)
(RosVold;lMirsky; Sarason,-Bransome & Beck, 1956);: Whiie
these tests-maf measure'more than just attention spau;-it has
been suggested that concentratlon or attentlon span form a
COmMmon source of variance for these. tests (Barkley, 19773
Douglas,_19721. |

The dPTdhas'broued informative in studies with
hyoeractiVe eﬁildren."Sykes, Douglas, Weiss and Minde (1971)
studied tae performancetof 40 hyperactivezand 19 control
chlldren on the CPT..VThe hyperaotiVe children demonstrated:
1mpa1red performance when compared to the control group. |
Subsequently, the hyperactlve'group were a551gned randomly to

either methylphenldate or placebo, and a double~bling

procedure was used to assess drug effects. The

methylphenldate group:showed 51gn1f1cant improvement in
rperformance'compared to the placebo group. The results of
this study uere-replicated by S&kes;ipouglas and Morgenstern
‘(1972)‘using 24 hyperactive and 20 cohtrol children. For the
drug paﬂt of the study, each of the 24 hyperactive subjects

acted &8 his pwn control 1n a doub1e~b11nd crossover design
to?“l .

a'E’aqd placebo. Weiss et al (1971) in a

tudy with'?ﬁzhyperactive children receiving
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'methylphénidhte and 26 hyperactive children receiving
‘plaéebﬁ, found that the methylphenidate group increased in
" correct responses and decreased in errors on the CPT,
Conners (l972a) in a double-blind uncrossed study of 75
"subjects recelving either methylphenidate, d-amphetamine, or : //_
piacebo, fouhd the CPT to be sensitive to drug effects.
~H6wever, Conners et al (1972), in a doublétblind noncrossed
study of 81 subjects receiving %ither magnésium pemoline,
d-amphetamine, or placebo; did not find a éignificant drug
effect on the CPT. Werry and Aman (1975) found drug to

improve CPT scores in a double-blind crossover study of 24
subjects receiving methylphenidate, haloperidol, and

placebo. '

| Kagan (1965) has demonstrated that one factor )
contributing to differences in cognitive functioning is the
child's "cognitive tempo, his habitual speed of decision

making in situations of high response uncertainty" (‘Campbell,
Douglas & Morgenstern, 1971). Kagan has called this ‘
dlmen51on “reflectlon-lmpulslv1ty . Campbell et al (1971)
compared 19 hyperactive and 19 matched control subjects and
found that the hyperactives were more impulsive (i.e., had !
shortef'latgncies and ﬁore errors on the Matching Familiar
Figures test (MFF) than the normal subjects. 1In a second

study (Campbell et ai, 1971), 22 hyperaqtivé children each

served as their own control in a double-blind crossover

methylphenidate-placebo design. They found a significant
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drug effect (i.e., increased latency, decreased errors) on
the MFF, Rapaport et al (1974) in" a double-blind noncrossed
study of 76 subjects receiving either methylphenldate,
imipramine, or placebo, found a significant methylphenidate
vs. placebo and methylphenidate vs. imipramine effect on the
MFF, and ‘nonsignificant differences between imipramine and
placebo. 1In a double-blind crossover study of eight
subjects, Garfinkel, Webster and Sloman (1975) found that -
subjects perfermed significantly better on the MFF when on
methylphenidate as compared torcaffeine or placebo.
G1ttelman—K1e1n and Klein (1975) 1nvest1gated the issue
of whether behavioral ang pPsychometric changes were related

in hyperacetive children treated with methylpbenidate.'

. Eighty-six hyperactlve chlldren were a551gned randomly to

either methylphenldate or placebo group. The measures
employed included mother's, teacher's and psychlatrlst s
global ratings of 1mprovement, Conners' TRS and PSQ
hyperactivity’ scales, psychOIOgist's rating of cooperation
and distractibility, WISC and WRAT, and CPT, among others.
They did not find any meanlngful patterns of related change
between behav1oral and cognitive indices used It is not |
surprising that some of their measures, €e.g9., WISC and WRAT
did not parallel behavior change, as this has been

&

demonstrated by others, as discussed. Parents, teacher, and

N

psychlatrlst reports agreed on some measures, but net on

I

others. Again the question is raised whether the child is

I

}
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behaViné differaﬁtly in ferent'situations, whether the

,,;)three different raters are rating the same behéviors in the
Same way, or whether the scales are asking the same questions
of the three‘raters.

In summary, a number of studies have found behavior
ratiné scales and measures of attention to consistently
discriminaté between hyperactive and dorma; children, and to
be sensitive to drug treatment. Effects en. other tests and
measures of cognition, intelli;ence, achievement, sensory or
motor abilities, when observed,lare likely to be due to
increased attentivenesé or céncéntration, rather than to
.significant.épanges ip thesé various abilities (Barkley,
1977; Conners, 1971; Conners, 1972b, Douglas, 1972; Weiss et
al, 1971). As far as behavior fat;ng scales can tap'into
empirically demonstrable changes in attentional measures™
(which awaits confirmation) by giving a global impreésion of
the child's functioning, they have tlihicél utility. Further
'sthdy employing behavior rating scales and more objective
measures of attention, as described above, would appear to be
productive in assessing stimulaﬁt drug effects.

s

Predicting Response to Stumulant Drug'Ireatment

. ~
Much research has been involved with t:fempting to
predict response to stimulant drug treétmen X A variety of
potential predictor® have been investigated. és.k\ley (1976)

revi:weq studies employing”the following types of pre'iicér

~ : - } \
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variables: psychophysiological,. neurologicai, familial,
demographic/sociological, diagnostic cateébry ({e.g. Fish,
1971) parent/teacher/clinician behavior rating scales,
cognitive, intelligence and achievement measures,.and profile
types (e.g. {Conners, 1971, 1972a)). The aim of the
following review ié to be selegtive and illustrative, rather

than exhaustive, due to the voluminous amount of relevant

. . N ' . . N
~literature. Certain predictor variables are of special

interest to the present étudy, hence will receive more notice
in the present review. The reader is referred to éarkley's
(1976) thorough review of predictor variables for’studies not
reviewed here.

Psychophysiological studies of drug response gain their
rationale from hypotheses regarding the arousal state of the

hyperactive child and the effects of stimulant drugs on

* arousal. Electroencephalogram (EEG), evoked potentials,

-

heart rate, Galvanic Skin Regponse etc., have been used in

these studies as indices of Central Nervous System arousal.

Regarding psychophysiological predictors, Barkley (1976}

concluded:

In summary, in the category of psychophysiological
predictors, EEG, average evoked potentials, other
EEG parameters, heart rate, heart rate variability,
Electropipillogram, and free amphetamine recovery
from urine, have been reported to discriminate good
from poor drug responders. ~Of these variables, all
but urine recovery of amphetamine probably bear some
relationship to' attention span (p. 337). '



attention would appear to offer support to Barkley's

o
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Conners' (1976) suggestion that any effects stimulant drugs

have on arousal level are secondary to their main effect on

conclusiéns.

The relationship between familial variables and drug
response has been investigated in a number of studigs (Loney,
Comly & Simon, l§75; Loney, Prinz, Mishalow & Joad, 1978;
Weiss et al, 1971; Conrad & Insel, &967; Schleifer, Weiss,
Cohen, Elman, Cvejic & Kruger, 1975). Loney, Prinz, Mishalow
& Jpad (1978) did no£ find sufficient evidence ﬁo conclude
that a relationship exists between parenting styles and
response to stimulanmts. However, the authors of three of the
earlier studies (Loney et al, 1975; Conrad & Insel, 1967; and
Weiss et al, 1971) interpreted their results as indicating

that responders to stimulant medication were more likely to

]
come from homes where @a{ents were competent, good managers

of their children, and tha he parents were more likely to

have a good positive relationshiphwith their children than

were the parents of nonresponders.
4

this conclusion is the finding of Schleifer et al (1975) that

Perhaps at variance with

mothers of hyperactive pre-schoolers who were good
respogders, were more "frustrated" and used more physical
punishment. However the responders were_élso rated as more
hyperactive aﬁ pre-testing than were the nonresponders.

qaking the interpretation of these results less clear-cut. A

problem with this kind of study. is that familial predictors
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axe not as straightforward as more objective predictors.
Another problem is the lack of standard méasures, making
comparisQn across studies difficult. Information on
inter-judge reliability would appear to be essential iﬁ'fhis
. kind of study, yet it was omitted in Lonéy et al}s (1975)
study. Th%fd rection of causality raises questioﬁs for
interpregation, as well. Do drug responders create better

parent—child rel tionships, or do children experiencing
positive parent-¢hild relationships respond more favourably

to drug treatmeny? Certainly, there is room for additional

study c© ilial| predictors, and studies combining drug
treatment ané heme management techniques would be a direction
for further study. ‘
Barkley (1976) cdncluded from his review of demographic/
- sociological predictors that race, sex and sécioeconomic
status do not appear to have predictive utility'for érug
& response. ’ -
Fish (1971) in her article "The 'One Child, One Drug"
Myth of Stimulants in Hyperkinesis"™, concluded that there are
%ny types of hyperactive children nd'that stimulants are
TEENE ugs of choice for only éome of them. Studieslexamining
differe ves in response to stimulant drugs using children
diagnosel according to Fish's qlaSSificatiqn scheme Have not

consistently found differences in stimulant response (Arnold,

Huestis,,gmeltzer, Schieb, Wemmer & Colner 1976; Werry & °

JAman; 1975}).
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Conners (1971, 1972a) correlated and factor analyzed a
large number of psychological testg, rating scales?
physiological measures and objective behavioral measureé.l
This énalysis &ielded seven distinct profile patterqfﬁfpéff_
accounted for a significant amount of drug treatment effects.
Cr&ss—validation of these profiles is necessary before their
predictive utiiity can be ascertained.(Barkley, 1976} .

§everal studies (e.g., Hoffman et al, 1974; Steinberg,

. Troshinsky & Steinberg, 1971;vWerry & Sprague, 1974; Rapoport
et al,_1974)-ha€e used behavior rating scale predicéors in an
effort to discriminate responders ffdm nonresponders on such
variaples as impulsivity, hyperactivity, aggreésion, etc{\;“‘)/
These rating scale predictors do.not appear to be consistent

in predicting Qrug response (Barkley, 1976).

Considerable effort has been directed to‘using a variety
of ps?chological tests to predict response to drugs in
‘hyperactive childreﬁ (efg., WISC, Bender Gestalt, ITPA,

Gooderiough Draw-A-Man Test, the Primary Mental Abilities e

-
?est, etc. (Barkley, 1976). :Most'of these measures hage not
provén useful. Rie et al (1976) in a double-blind croséoyer ’
study of 28 children treated with methylphenidate and placebo
found WISC Full Scale and Per formance I.Q0.s to be predictive
of improvement in parental ratings of attention. However,
maﬁy other investigators have'ﬁot fodﬁd‘WISQ scores to be

) -
useful predictors of drug response’ (e.d., Hoffman et al,

1974; Knights & Hinton, 1969; Rapoport et al, 1974;

-
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Satterfield; Cantwell, Lesser & Podosin, 1972). The
psycholeogical measures that appear to have some predictive
utility in discriminating responders from nonresponders all
seem to have some relation to attention span (Barkley, 1976).
For example, the following variables were seen to
discriminate responders from nonresponders: reaction time
(Porges, Walter, Korb & Sprague, 1975; Zahn, Abate, Little &
ﬁender, 1975); Porteus Mazes (Epstein, Lasagna, Conners &
9édriguez, 1968), Kagan Matching Familiar Figures Test
(Rapoport et al, 1974). 4
Neurclogical predictors,'used to indicate presence and
degree of 6rgaﬂicity are of special interest to the present
study gnd will be discussed in more detail. Werry et al
(1972) from their review of a number of studies concluded
that although many of the studies reviewed had methodological
deficiencies "there is, nevertheless, a high degree of
agreement that EEg.gbnormaiities and certain neurological
signs are more fré&hent amongst emotionaily disturbed
children in general, and hyperactive children, in particular®
(p- 44%2. In their study: of 20 hyperactive children compared
to 20 neggotic controls and 20 normal controls, Werry et af
(1972) fg&pd that the hyperactive children- showed
significantly more neurological abnormalities, principally

minor neurological signs indicative of sensory-motor

incoordination, but no differences in major neurclogical

signs, EEG abnormaliiiiiliiiifiiifﬂ—héﬁtory.
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A brief review of studies that have used various
¢riteria to ghvestigate the predictive'utility of organic
factors in résponse to stimulant drugs follows. Conrad and
Insel (1967) in a retfospective study (no placebo, or control
group) of tﬁirty—one children who had been placed on
amphetamine therapf, concluded that children who responded
positively to drug therapy were thése who showed an "organic”
background, positive parent child relationships, and absence
of severe psychiatric problems in the parents. "Organic"
classification was based on the prgéence of three or more of
the following "hypertension or infection during pregnancy,
premature or abnormal'delivery; cyanosis or related problems
at birth; childhood head injuries, convulsions; pcor motor
coordination, visual perceptual impéirment: marked scatter on
intelligencg tests, positive neurological findings; abnormal
EEG; diagﬁosis of chronic brain sfndrome“ {p. 96}.

Epstein et al (1968) in a double-blind crossed study of
ten children found that "organics" showed greater improvement
On_stimulant drugs (d-amphetamine) than nonorganics, and
concluded that th; "data strongly suggest that the group of
hyperactive children is not a homogenéous one. Rather there
are some with CNS damage whose response to d—amphetamipe is
one of dramatic improvement” (p. 146). "Orgardic" subjects in
this study were so judged‘on the basis of "a detailed

psychiatric and medical history, psychiatric intergiew with

the child, psychclogist's evaluation, diagnostic
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qﬁestionnaire, and brief neurological examination" (p. 136)!

- Steinberg et al (1971) from their double-blind crossover
study of 54 children concluded that two or mére neurologicaLﬂg
soft signs or oneqpr more hard neurological signs and a
cléarly manifest ﬁyperactive syndrome "may be strongly
predictive of a dramatic response to d~-amphetamine" (p. 178).
The neurological soft signs included “failure of tHe eyes to
copverge; spooning; awkward alternating movements of the

\:59 gr extremities or tongue; head circumference 1.5 cm. above
thé% tandard'deviatién; motor overflow; mild pronator sign;
head |1 cm. above .two standard deviations with prowing and
wide.p rietes; café au lait spots (5 cm. at largest); mild
assymetry of the perioral musculature,'diminished auditory
acuity in right ear, mah pes cavusrwith mild hammer toeing"
(p. 176). The hard signs included "bilateral esotropia;
extensor response of the right toes; ptosis of the right eye;
visual field defect in the right eye; different percepfion of
colours by the right and left eyes" (p. 176).

Millichap and Johnson (1974) evaluated the“response to
methylphenidate in 28 children in a doﬁble—blind uncrossed
{i.e. a drug and a_placebo group) study aﬁd concluded that
the beneficial effect of methylphenidate'on hyperactivity was
related to the level of motor activity before treatment, and
the incidence of abnormal neurological signs. Patieﬁts with
the greatest number of neurologicél signs tended to be the

most active and showed the best response'to the drug. The

<o
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neurological signs employed in this study were: "impairment
of rapid alternating movement of foreafhs; impaired finger
tagging; dyspraxic tandem gait; cortical sensory loss, mainly,
graphanathe31a, impaired hopping; flnger—to—nose
1ncoordlnat10n, Babinski 51qns, speech disorder; 1nvoluntary
movements, mainly choreiform, when arm held in outstretched
position™ (p. 131).

Satterfield, Cantwell, Saul, Lesser and Podosin.(1973)
in a study (no placebo) of 57 hyperactive boys found that the
probability of a good response to stimulant drugs.
(methylphenidate) was correlated with the degree of evidence
of brain dysfun¢tion (obtained from EEG and neurological
examination}. :Neurological abnormalities included "upper
extremity fine motor incoordination, altered tonus or
weakness; synkinesis or motor impersistence; hyperactivé or
asymetrical reflexes; choreiform movements or abnormal
posturing of the hands and fingers; lower extremity
nonequilabratory incoofdination; altered tonus og weakness;
\dysarthria or infantile speech; equivdcal plantar response;
gait or equilibrium disorder; deviant hand preference;
discriminitive sensory loss or perceptual disorder™ (p. 39).

In contrast to the above studies, Knights and Hinton
{1969) in an uncrossed double-blind study of 40 children
found no differences in response to stimulant drugs
(methylphenidaﬁe) between children with "physical f£indings or

histories of probaﬁle damage" ‘and those. who had very little

vooe
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evidence of %mpairment (p..652). ~ ' i

Rie et al (1976) investigated fésBOnse to stimulant
drugs (methylphenidate) in 28 children in a double=blind
crossover design. They found that“drug induced behavioral
chahges occurred somewhat more often in childrén who were
viewed as less organic. "Organic¢" here was defined on an
"organicity scale™ that included measures of"integrative:
synthesizing skills"; "perseveration"; "concepLual shifts";
"céncrete tﬁinking"; "word recaill”; and "wérd Misuse™ (pp.
253-254).

It is difficult to compare these studies with each other
for a number of reasons. One of the greatest problems arises
aue to the variety of ways in which "organicity” was defined.
The criteria uged to.define organicity in these studies can
be seen to originate from.the following sources of
information: (1) pregnancy and birth complications, (2)
medicai history (e.q. e;EEphalitis, convulsions, head‘ /
injuries, etc.), (3) EEG findings, {4) neurological
examination findings (e.g. "soft" and "hard® signs) and (5)
other (e.g. visual-perceptual impairment, Rie et al's (1976)
"organicity scale"). Not only has organiéiﬁy beenlbased on
different criteria in different studies, but ihformation on
the validity of any of these criteria; and comparison of
hyperactives to other deviant éroups and normal controls
appears to be lacking for most of them. A fundamental

criticism of these predictors concerns construct validity.

Mewr s mamms e s - . . N /



The relationship between aﬁy one of these predictors and
brain dysfunction has not been delineatéd.(Dubey, 1976;
Satterfield et al, 1973).

Other.problems with these studies include the-different
criteria used to define improvement (e.g., teacher fatings,
clinical global judgment, psychological test scores);
differences in drug types and dosages, and time on drug;
differehces in experimental design; and varying criteria for
subject selection (Barkley, 19#6;“Wolraich, 1976). The
problems arising from differences in subject selection
procedures deserve special note. Studies using the criteria
of MBD to select their subjects included a much broader range
of patient gzmptoms than did those that used subjects
selected on p%e basis of hyperactivity alone. Hyperactive

;
children %}xh clear evidence of brain damage are not held to
be represéntative of hyperactive children in genéra;, and
recentfstudies have excluded them from their subject pool.

. ] ‘
Whereas gome of the studies reviewed here did limit their

subjects to those who showed no evidence of frank brain

o A
damage (other than the symptoms as ciated with MBD), other

studies (e.g., Conrad & Inseds 7; Epstein et-al, 1968;
Steinberg et al, 1971) have included-children with evidence
of probable brain damage (e.g., history of ﬁrobable damage,
head injury, encephalitis, convuisions, and diagnosis of
chronic braiﬁ syndrome). aAs a result, comparisons among

these studies are of limited value.

T
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The studigs employing "soft" neurological signs have not
béen consistent in the choice of signs to be used as criteria
fot bpéiﬁ dysfunc;iOn. Werry et al (1974) in a search of the
;iterature-ih pediatric neurology and psychiatry, found :—\\
repbrts on 140 neurolbgical signs. This presents quite a
variety of cf%te;ia to choose from. Had some consensus
across studies been feached with regardsrto which
neurological signs to employ, the results would have been
1  greatly clarified.. As they stand, each study reviewed has
employed its own collection of neurological signs. Other
probiems with studies employing these neurological signs

include tﬁe lack of efforts to establish inter-rater

reliabi;ity, and the non-blind assessment of subjects (i.e.,

evaluéting aﬁchild's neurological status. without knowledge of
. his diagnostic ét&tus (hyperactive), Dubey, 1976)

h ‘The criticisms of lack of inter-rater reliability and
construct validity apply to the study by Rie et al (1976)
reviewed in this papef, as well./fThey guoted .80 as
test-retest reliability, but pEBvided'little information on
ﬁhe rationale beHind their ”organicity scale", and the
assessment measure employed in eacb category of the scale.

Although no definite conciusions can be drawn from the
preceding studies,‘they have been important in demonstrating
that organig factors may play a role in hyperactivity, and

that. prediction of'tfeatment response from knowledge of a

child's neurological status may be possible. Further

<
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p
research with more attention ég methodological concerns is
required to clarify the findings in this area.

The hypothesis_gdvanced by many of these investigators
(Dubey, 1976; Epstein et al, 1968; Lambert et al, 1976;
Satterfield et al; 1973) that hyperactivity not be viewed as
a unitary disorder, but as being composed of a number of
different factors, has important implications. Some,.But not
all, hyperactive_children may have an organic basis to their
problem. This/presents a realistic compromise to the |
all-or-none arguments advanced by earlier inveétigators; The
acknowledgement of the existence of different subgr6u§s of
hyperactive children has promoted the search for optimal
treatment for different groups of children. The notion of
one treatment for the hyperactive child has become more and
more untenable. In particular, the medically oriented
treatmént approach (i.e., drug intervention), has comé under
closer strutihy and other treatment efforts of & more
psychological nature (e.q., behavior management) are gainiég
in legitimacy and popularity.

Another important change in viewpoint with respect to
hyperactivity that has imporfant treatment impliéafionS"n
concerns leérning problems. Learning disabilities are often
- assumed to be part of the clinical entity of hyperactivity,
probably because both were seen to be m;nifestatiohs of MBD
(Clehents, 1974; Douglas, 1972; Lahey et al, 1978; Rie et al,

1976). Since a clinically significant degree of -

Rt SRR
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hyperactivity ofgen_leads to academic difficulties, a high
‘=proportion of'individuals diagnosed as hyperactive would’also
be diagnosed as learning disabled (Lahey et al, 1978)
Douglas (1972) and her associates found that hyperactive
children had 51gnificantly lower grades than controls on
almost a&% academic subjects, and that hyperactives performed
more poorly than controls on standardized achievement.tests.
They found that' the performance of hyperactives was typified
by much variability, i.e., from test to test, and subtests
within a single test. Douglas (1972) emphasizes, though,
that on a large proportion of the tests, including an
iﬁ%iqiduall& administered reading test, lanéuage tests, and
tests tapping auditory discrimination, right/left
discrimination and short-term memory, no differences were
.found'between hyperactives and controls. Rie et al (1976)
found that correlations between achievement test scores and
measures of activity and behavior rating scales were
inconsistent, and of a lew order, leading to the concluéion-.
that "more active and otherwise behaviorally difficult ..
children are not poorer students in this sample of
underachieving children". To be' noted, of course, is the
fact ghat even though the "most hyperactive®" children were
not necessarily the "most learning disabled", the subjects in
this study were all undérach'evers, which is consistent wiih
the findings of others (Dougias,'1972; Lahey et al, 1978;
Cantwell, 197?; Safer & Allen, 1976). -



It seems then, that hyperactive children as a group show
poorer academic performance than their normal (classmate
controls. However, a d1st1nctlon may be drawn between being

behind in academic achievement and learning disability. A

hyperactive child may be doing podrly in school because for a

great amount of time he is not attending, is responding

impulsively.to the teacher's guestions and responding
- W [

impulsively on tests, w1thout con51der1ng alternatives, or
checking his work, etc. A child with learning disability may
not be exhibiting any of the above behaviors, but still does
poorly in schooi,‘perhaps, (for example) because he has
difficulgy in auditory discrimination. He is atténding, but
ﬁot processing the:information correct%y. (And, of coursé,‘a
child may be both hyperactive and learning disabled.) The
(t'rm Séecific’\earniné Disability encompases a number of
learning problems and és many diagnostic confusions exist in
the lite;aﬁﬁre with this term aé with MBD and hyperactivity,
as discussed; A lengthy discussion of the term "Specific
Learning Disability™, what if entails, how to diagnose, etc.
would present a major digression from the topic atthﬁ

hence comments are limited to a brief discussion of Specific

Learning Disability in its relation to hyperactivity. For

. Some hyperactlve chlldren, their poor academic performance 1s

secondary to their hyperactivity - they are behind in school
because of the characteristic problems associated with

hyperactivity (e.g., poor attention span, distractibfiity,
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impu;sivity, etc.). Other children, ﬁost'likely further
behind in school, have the problems associated with
hypéractivity compounded by those associated with Specific
Learning Disability (e.g., problems with auditory and visual
discriminatibn, figure-ground, and memory, etc.). Uéing

achievement test scprés can onﬁy tell us that a child is

———— T

behind his peers in school. Oﬂe has to go beyond the test
| :

scores to determine the nature lof the child's learning

. \
difficulty. Diagnosing Specific Learning Disability cannot

be accomplished solely by achievement tests. In addition,
problems arise when makimng. the decision just how far behind

academically a child must be “before béing diagnosed as

'lgarning qifszEG' Intellectual potential, which skills

appear to show deficiency, comparison of the child's
acHigvement to that of his own ethnic group, his
opportunities for learfdinyg, his response to corrective
measures, all contribﬁte imggrtaqt information that shouid be'
consadered when making the diaénosis {Spache, 1976).
Achievement test measures, however, are objective, -and
invaluéble in research where standdrdizqd_measufés are
required to permit for comparability across studies. For the.
presénﬁ paper, the terﬁ "learning difficultyé will be
employed to indicate that the subjects are behind in SChooi,
50 as not to be confused with the’diagnostic term Séecific
Learning Disability’

How far behind then, is the child to be before he is to

L

’



)

46

be defined as having learninquifficulty? Ullman (1969) has

‘'shown, for reading, that the use of a constant criterion of

one year behind would result in classifying'an.iqcredsing
number of pupils as behind in each higher grade. This
artificial increase is due to the decelerating nature of the
reading curve and to the decreasing differences between
successive grades. ﬁence a single fixed cut-off point would
produce @ore'and-more children defined as being behind.
Ulimamr (1969) considers that approximately 15% of each grade
may be considered to bé severely behind in reading. Spache's
{1976) critgria of one year behind at primary. (i.e., grades 1
to 3), two years behind from grades 4 to 8, and three years
behind at secondary, produces a similar figure to Ullman's
(1969} for those defineé aS'haGiﬁg significant reading

problems..

It appears then, that learning difficulties often
accompany hyperactivity. Children with learning difficulties
alone, are not likely to profit from drug treatment (Barkley

& Cunningham, 1978; Rie et al, 1976). It is possible that

‘differential response to stimulant drugs may occur in

hyperactive childfen'with and withoutxlearning difficulties.
Ferguson and Trite; (1980) addressed this issue and that of
brain dysfuﬁctiOn by identifying these factors in their
subjects, and using them to predict, response to )

methylphenidate. They grouped 79 subjects on the two binary

dimensions of brain dysfunction/no brain dysfdnction, and



ppaeees

47

/

" learning difficulty/no learning difficulty (yielding four

subgroups). The diagnosis of brain dysfunction was made by
neuropsychologist, based on the results of an extensiee
neuropsychological test battery. ﬁearning difficulty was
defined by scores*of,at/ﬂeast one year behind the level of
academic achlevesezf/gxpeqted for the Chlld s age. A \\

\ .
double-blind cyossover‘design with placebo control was

-

employed. Resﬁonders and nonresponders to methylphenitdate
were cla351ﬁ1ed on a multiple criteria basis: attention
measuree; parent and teacher global ratings of improvement,
and Conners' TRS and PSQ hyperactivity scales. Their results
showed that on all dependent variebles, individuals diagnosed
as having evidence.of brain dysfunctfagghad better reséonse
to methylphenidate than those individuals diagnosed as having
no evidence of brain dysfuﬁction. However, only when
response was defined in terms of improvement on the
attentional measures were the results significant. There
appeared to be no systematic effect ‘on the learning
difficulty/no learning difficulty dimension. The inclusion
of a number of different dependent variables as measures of
response to stimulants demonstrated that response rates
declined as the variables became less subjective and/of’ﬁgﬁe
complex. The wide range of response rates achieved with
different dependent variables and combinations of dependent
variables offere @n explanation for the qifferenees in

response rates cited in the literature..



Many questions regarding the prediction of response to.
stimulant medieation remain, despite the numerous -
investigations in this area. Barkley (1976), keeping in mind
‘the limitations inherent in attemptlng to draw conclusions
from such a medley of studies, nevertheless came to the
following conclusion: "In general, those variables which have
been consistently found to predict improvement during :
stimulant drug treatment appear to be these related to
attention span or concentration" (p. 345).

Summari“ R _

The postulation of different subgroups of hyperactive
children has been well received in the literature, and there
appears to be a consensus that different hyperactive children
may respond pOSltlvely to different treatments or
combinations of treatments (Dubey, 19763; Epsteln et al, 1968;
.Fergusonw; Trites, 1980; Lambert et al, 1976; Satterfield et
al, 1973). Trial and error often has been Ehe clinician's
guide in selecting treatment for his patient. However, could
response to treatment be predicted by pre-treatment measures,
much time and effort on the part of the clinician, pe}ent and
aiild could be saved. The foregoing review dealt first with
how to define response to treatment. The need for
standardized and objective measures which determine how the

hyperactive child's behavior is affected by drugs in VErious

situations was discussed. Various predictor variables were



reviewed. The results of these studies were Epgnnsisfent,

although it appeared that measures of atténtion offered the

greatest prédictivé utility. The methodological concerns d
that have plagued psychopharmacological résearcb, have made

it difficult to draw any firm conclusions regarding

prediction of response in general, and for organic

predictors, in particular.

In concluding his review of predictor variables, Barkley
(1976, p. 345) ﬁade the following sugggstions fof further
research: (1) "future study of the extent to which the
presence or absence of organic impairment’ or emotional
pathology éontributes to drug responsiveness", (2)
"determination of empirical correlates of commonly used
rating scales", (3) "cross-validation of the profile types of
Conners (1971, 1972a) or diagnostic categdries of Fish

(1971)", (4) "further research on the ability of measures of

attention span to predict the response of hyperactive

children to stimulant drugs".

Goals of this Study

A number of issues héve been raised in the preceding /e
review. [The question of response to, drug treatment is an
issue in itself that calls for ihvestigation. That is, how
should response to treatment be defined? Barkley (1976)

suggested that future research investigate the role of
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organic impairment as a contributing factor to drug response.
The possibility of a differential response tco stimulant drugs
in hyperadtivé children with and without learniné
difficulties was raised. The present paper proposes to
address 'these issues as follows: {l) multiple fesponse
cfiteria, (2} predicting response from subgrouping along the
binary dimensions of brain dysfunZtion/no brain dysfunction
and learning difficulty/no learning difficulty, and (3)
predicting response from ﬁeuropsychological test scores.

(1) fhe considerable variation in response rate reported
by different investigatorsris due in parf to the fact that how
response is defined has no£ been standard across studies.
Ferguson and Trites (1980) have shown that as the definition
for response becomes more objective and more complex, the

; .
number of subjects designated as responders decreases. That
no completely satisfactory criteria for response have yet
emerged from the literaﬁhre provides a rationale for the
utilization of multiple definitions of responée. Multiple
définitions of résponse serve to permit compari;on with
studies using one or more of the same criteria for response,
and contribute to the endeavor to produce conéistent,
reliable, and valid criteria. The first issue invesﬁigated
in this study was that of multiple critéria for response.
Attention measures were investigated in more detail inwthe

present study than in the study of Ferguson and Trites, and

different criteria of response eﬁploying these measures



singly, and in combination with each other and with the P5Q
hyperactiyity scale were constructed. These various
definitions of response were employed as dependént variables
in the sdbsequeht analyées.

(2) As reviewed, Ferguson and Trites (1980) did some

_preliminary work with subgrouping hyperactive childr on the

basis of presence or absence of brain'dysfunction (based on
an interpretation of neuropsychological test results) and
learning difficulty. The present study repeated this
analysis with 96 subjects (i.e., with the original 79
subjects of Ferguson and Trites' study, plus 17 new subjects.
In light of this common subject ppol, the present study
should be viewed as an extension, rather than a replication
of their work.) Ferguscon -and Trites did not find any
systematic relationship between fespoﬁse and their lea:ning
difficulty dimension. The present study has changed the
criteria used by thesé previous investigators, in an effort
to provide a more realistic definition of learning
difficulty. (They employed the criteria of one:year behind
in academic achievement for all subjects, regardless of
grade).‘ It was believed that the revised criteria uséd in
the pré&sent study would enhance the pfedictive utility of,
this dimension. '

Ferguson and Trites found that when response was defined
in terms of improvement on certain attention measures, there
was a significant reiationship between brain dysfunction and

\
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‘
t

résponse. In the present study, attention measures were
investigated in more detail, and different criteria for
response based on them were employed in X2 analyses testing

for a relationship between response and brain dysfunction, as

'in Ferguson and Trites' study.

(3) Previous studies empléying the neuropsychological

test battery have found this battery capable of

. / ~
differentiating a number of clinical and non-clinical groups

from each other. For example, Trites and Priée (1978-79)
found that a unique pattern of deficits on the
neuropsychological test battery characterized their group of
English children who experienced difficulty in French
iMmérsion. These cﬁildren cbulé be‘sucée85fu11y

discriminated from three other groups where language was a

‘factor, and from four "traditional" problem groups, including

hyperaéﬁivity.. Reitan éﬁd Boll (1973) compared the
neuropsjcholdgical test résults of MBD children with both
normal children and bhildrén:wfth firm andlindebendent‘
evidence of brain damage. The brain damaged group were
consistently and significantly inferior on a wi&e range of
abilities. The pgrformance of the.MBD groups on the
neuropsycﬁologica; tests was more similar to coﬁtrol children
than to those with brain damage. Clinical evaluation of the
ﬁeuropsychological tést results for number of deficits per
subject showed that the brain damaged group had significantly

more deficits than the MBD group, which in turn had




significantly more deficits than the control group.
fO'further the invest;gation of organic factors as
predictors of response, the present study employed the
neuropsychological tests.as predictors of response to
methylphenidate. Discriminant function analyses, followed by -

univariate analyses were carried out: The goal was to

~discover whether responders and nonresponders could be

successfully discriminated on the basis of their
neurbpsychological test scores. If respoﬁders to
methylphenidate do in fact have more organic.iﬁvolvement than
nonresponders, as suggested by somé éuthors (e.g., Conrad &
Insel, 1967; Epstein et al, 1968; Millichap & Johnson, i974;
Steinberg et al, 1971) this would be reflected in pigrgr.

neuropsychological test scores for responders.

by
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CHAPTER 1II

. METHCDOLOGY

Subjects

The subjects for this study were 96'boys between'the
ages of 6 and'l4 years old, who were referred to the
Neuropsychology Laboratory of the Royal Gttawa Hospital for
neuropsycﬁological assessment. All subjects were diagnosed
as hyperactive. The diagnoses of. hyberactivity and of
presence or absence of brain dysfunctlon were made by a. ‘
senior psychologlst spec1a11z1ng in neuropsychology, on staff
atl thls institution. The dlagnosis of hyperactivity was a
clinical decision made by this psychologist, based on a
éetailed history of the chilg, the referring pediatrician
and/or'team psﬁchiatrist's diagnoeis; school record

information, ‘mother and/or teacher ratings of the child's

~behavior obtained at the time of initial assessment (i.e.,

not at "Baseline"), neuropsychdlogical test results, and
observation of the child during assesiﬁent. A child's score
99 the Conners' mother or teacher rating of hyperactivity had

to be 1.5 or greater for the chlld to be 1ncluded in the

-

study. X

The diagndsis of brain dysfunction was a clinical
decision made on. the basis of an interpretation of the

child's neuropsychological test results. Brain dysfuncticn

\
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‘was defined-és ﬁollowsf "An indicatioﬁ:of brain‘dysfunctidn
_-may‘be supported by consiéteﬁtly poor levels of test'resulte,
;bur in most cases must be subsraetiared by evidence of .
laterallzed sensory and motor dysfunctlon. In most.cases,'b
the actual level of performance would not be the sole

‘crlterlon, but should be’ supported by evidence of dysfunctxon

“in 51mple“sensory and motorvfunctlons on ode.or both sides of

the body. The diagnosis of no brain dysfunction included

children whoseAvériatiqns in levels of. ability were within

-

_the normal range. Subjects with only mild indications that
might be suggestive of brain dysfunction were Qiagnbsed as no

brain dysfunction. Pronounced intra-individual variations on

lateralized sensory or motor performance, were not acceptable

‘for subiects diagnosed as no brain dysfuncfion,

A child wae censidered to be having learning
difficulties if he was behind on either the reading or
spellihg subtest of the Wide Range Achievement Test (WRAT)
(Jastak & Jastak, 1976). The- criteria employed werer_
perfermance at least;one year behind the level of achievement
erpected for grade placemeet at primary (grades 1 to 3); at
least two years behind for gradee 4 to 8; and at least 3
years behind for gr3des 9 -and up.‘ For'chiidreh in special
education'classes, or who_had ré;eated a'grade or grades,.
learning Qifficulty wes defined by‘WRAT scores at least one
year behind the child‘s age—Expectea grade placement for‘

primary; at least two jears behind the child's age-expected
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grade plecement for grades 4 to- 8, and at least three years

B%hind the child's age-expected grade level for grades 9 and

. up.. These criteria were siggested by Spache (1976) as

discussed previously in this paper.
All children had a full-scale. IQ on the WISC of’at least

80. -No subjects in the present study showed evidence of

- gross psychépathology-or neurological disease {other than

what has been labelleg "minimal brain dysfunction" in the
literature). Complete data on the defining.criteria were
available for all 96 subjects. Descriptive data on the
subjects are'presented in Table 1. (Data for the other

scales of the TRS and PSQ given at time of 1n1t1al assessment

‘are presented in Table B-1, Appendix B.)

Apparatus

Test- Battery
o

Initial Testing . : ?
| " All subjects were administered a 'standardized and
validated neuropsychological test battery (Boll, 1974;

Kldgve, 1974; Reltan, 1974; Re1tan & Boll, 1973; Trites,
1977). This battery assesses a wide range of functions that
have ‘been shown to be related to the organic integrity of the
brain (Reitan & Boll, 1973). These functions include.the
so-called "higner brain funb§§ons; (intelligence, cognitien,

and complex.perceptual skills) and the lower order skills

do
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» Table 1
DESCRIPTIVE STATISTICS ON SUBJECTS .
N=96
]
Variable . X sp./ Range
- Age at Initial 7 ] -
Testing (years) 8.9 1.97 6 to 14
WISC FSIQ 99.3 '10.36 80 to 130
PSQ Hyperactivity
at Initial Testing 1.46 .64 ' 0 _to 2.88
TRS Hyperactivity :
at Initial Testing 2.03 .65 .0 to 3
Age at Treatment ‘ .
(years) 9.6 1.77 ( 6.8 to 14
Weight at Treatment
(kgs) - 31.9 8.55 16.5 to 59
R
=/
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(simple motor, sensory, and Perceptual skills). The tests in
the battery'included the WISC-R, Raven's Matrices, Peabedy
?icture Vocabulary Test, Halstead Category Test, .Tactual
Performance Test, and tests of mofor speed and coordlnatlon,
dexterlty, tremor, strength, and ggnsory tests. Behavior

rating scales (Connérs' Parent Symptom Queetioﬁnaire (PSQ),

.Conners' .1970; and Conners' Teacher Rating Scale {TRS),
,Conners%)£38§7 were also jincluded. - A complete list of the
" tests efployed in this study can be found in Appendix A,

Response Measures

. »
In order to assess responSivity:to drug, the following

Measures were administered at baseline and at each successive
stage ef the sthdy: The Continuous ﬁerformance Test (CPT)
(Rosvold et al, 1956); the Matchlng Familiar Figures Test
(MFF) (Kagan, 1964), and the Conners' PSQ and TRS. a brief
description of these measures follows. How these measures
were eEployed to define response is described in the

~
N
zF

Procedure section.

The Contlnuous Perfo¢mance Test (CPT) (Rosvold et al, 1956)
The CPT is sengit1ve to momentary lapses of attention

(Sykes et al, 1971). -studies using this measure have been

reviewed elready; The CPT requ1res the subject to respond/to

an experimenter-paced stimulus array presented on a

television monitor by correctly identifying a pre-determined
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signal stimulus from irrelevent stinuLi: In thie-etudy, a
series of letters was flashed on the screen and each time the -
K letter "xn was 1mmed1agéﬁy preceded by the letter "A“ the
subject was expected to respond by pressing a button. Two
€rror scores are used: omissions ~ the number of‘times the
subject negfzits to respond tao,a presented A=-X combination:

and comm1551ons = the number of tlmes the subject responds to

an erroneous letter combination.
™

— -

The Matching Famil{ar-Figures Test (MFF) (Kagan, 1964)

Studies using the MFF test wer presented in the
Intyoduction. 1In the MFF test; helsubject is presented with
e booklet on.each page of which are printed one standard —
draying and six similar comparison drawings. One of the
comparison drawings is actually identical'to the standerd;
the other five comparison draeings are strikingly similar,
but not identical to the standard. The subject must identify
the correct drawing. The test is scored for latency to first
response, and for -total. number of errors.
The Conners* Parent Symptom Questlonnalre (PSQ) (Conners,

1970), and the Conners® Teacher Rating Scale (TRS) (Conners,
1969) (See Appendix A for a Copy of These Scales)

These two questionnaires list a series of behaviors
(e.g., restless or overactive, disturbs other children) which
are to be checked of as "not at all", "just a little", . 4

"pretty much", or "very much”™ by parent or teacher. The



items of these questionnaires have been factor analyzed,
yielding a Yhumber of symptom clusters which are employed as
individual scales. The subject receives a score for each

-

individual séale,-in‘addition to an overall score. The eight

’///indiviguai scales for the Psé are:.Conduét Problem, Anxiety,

- Impulsive-Hyperactive, Leérning Problem, ﬁggchoéomatic,
Perfectionism, Antisocial, and Muscular Tension. The four.
individual scales for the TRS are: Conduct Problém,
Inattentive-Passive, Tension—Anxiefy, and Hyperactivity. The

Présent study ‘was concerned only with the PSQ Impulsive-

Hyperactive (i.e,, hyperactivity) scale and the TRS

H;ﬁerigtivity scale as dependent variables. Each item on the
individual scaleg'ls scored 0, 1, 2, or 3 for "noﬁ-at allw",
"just a'little“, "pretty much", and "very much",
respegﬁively. The subjects s;ore on each individual scale
was expressed as the average of his scores on that scale.

For. example, if his total was 16 for the eight items on the

PSQ hyperactivity scaie, this would be recorded as 2 (i.e.,

18/8). .

Procedure

The participation and cooperation of the parents and
children in this study were very good. quz\children whose
parents appeared to be well motivated were considered for

inclusion in the study. This was done in an effort to keep
\ \

e
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the drop-out rate at a minimum, and to optimiéevcompliance
with respect to the treatment regimen. Podrly'motivated
parents would not be expected to reliably adhere to the.
treatment plan, nor to bring theit children in for testing.
Of the original 116 subjects selécted for participation,
three were withdrawn from the study before tréatmedt began,
by théir parents who.had‘"sécond thoughts™ about—drug
treaéﬁent. The data of three other subjects were not
includég because it became apﬁarent that they were not taking
their pills. Five subjects were withdfawn by their parents
due to side effecﬁs. These included: "aggLession", "teary”,
"couldn't sleep", "too overactive", “shértness of breath". ‘
The data of nine subjects were excluded because either their
files were unaéailable, or there were too many missing data
for a particular case. This left a subjectlpool of 96
subjects. . _

As an indication of comp%&ance, Table 2 éummarizes

parents' and teachers' cooperation; i.e., bringing the

'child in for testing (parents) and returning the

questionnaires (parents and teachers).

all subjectg had been festéd on an extensive
neuropsychological1test battery, as described. 'TESting was
conducted by a team bf psychotechnicians who rescoré& eéchf-
other's test results to insure accuracy. The teacher of each
subject was requested to fill out the TRS. The mother was

interviewed regarding the child's history and was requested

-
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Table 2

COMPLIANCE WITH TESTING REGIMEN

62

Variable Baseline Tl T2 T3

N % N % N % N %
Attendance \ . .
at testing 96 100 96 100 96 100 93 97
*pPSQs
returned 89(7) 100" 87(7) 98 84(5) 93 81(9) 94
TRSs |
returned 82 85 74 77 68 71 65 , 68
* ' P5Qs were cohpieted by mothers for most children. The

number in brackets ()} indicates that the PSQ was
completed by the father.

For all analyses employing

the PSQ to define response, only those completed by
mifhers were employed in order to maintain consistency.

t

S~
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to fill out the PSQ. The test re;ults, élong with other
information, were employed by the senior psycholbgist to
diagnose each child, as descfibed. The parents.of tﬁe
éubjects all received feedback rggakding their son's
assessment results. l

As children were brought to the laboratory for
assessment, if they were found to be potential candidates for
the study; their parents were interviewed to inform'theﬁ of -
the study and to detefmine whether they wished their child to
participate. All parents received both oral and written
informatibn about the study.‘.After parental consent had been
obtained and the réferring physician-notified, all subjects
‘were tested on the dependent measures (Baseline). Each child
was then assigned at random to one 6f.£hé two treatment
conditions. initially, é'goal of 208 subjecté had been set
for this study. Half of the subjects wéré to be assigned to
each treatment order. When the number of referrals ievelled
. off, only 116 boys had been througﬁ the study, and there was
not an eqgual number of suﬁjects ih‘each group.

A double-blind (i.e., subjects, pg;ents, teachers
(participants), and examiners were unaware of whethér the
child was on active drug or inert'plaéebo) crossover design
consisting of three Freatment pericds each three week; long
was employed. Three.weeks was chosen as the length.for each

treatment interval because it provided sufficient time for

‘the child to settle into the treatment regimen, for the drug
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to take effeét, and for phe mothers and teacheré to observe
any'change?_yet was brief endough to insgre continued
participatiﬁn in the project. To control for order effects,
methylphenidate and placebo were'aninisteE;QLin tﬁo'rahdomly;
assi;REa orders; that is, Drug-P{gcebo-Drug (DPD) or | -
Plécebo—Drué-Placebo (PDP). There were 66 subﬁects in DPD
gfoup and 30 subjects in PDP. In that each child was in
effect the subject of a sbngle-subjeCt study, and that
decisions regarding future treatment of a parﬁicular child
were to be based on his results from the treatment trials, a
Baseline A-B-A design was employed. A Baseline session
insures that subjects are familiar with the experimental
procedures and at ease ié the labératogy setting (Rapoport et
al; 1978). The additional treatment phase allows for a
better assessment of consistent effects, compared to the
traditional Baselihe—A—B or simple A-B désign.
A standard daily dosage of .5 mg of_methylphenidate per

1 kg of body weight was administered to ;il subjec@s. The

saée was divided over two periods; one—half hour before
:jgaqust and one-half hour before lunch. The boys' average
weight was 31.9 kg. This‘ made the average daily dose around
16 mg. As mentioned, the work of Sprague and Sleator (1977)

suggests .5 mg/kg daily as the most appropriate dosage to be

- employed on a group basis. Although this dosage may not be

optimal for each subject, it should be sufficient to produce

a detectable improvement for most responders, yet be low
[ )

e ——————— e Wi T
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- .
enough to prévent he occurrence. of side effects for most
subjects. The methylphenidate and placebo were dispensed in
small green-blue pills thatlwere indistinguishablevfrom each
cther. Each methylphénidate Pill contained 10 ﬁg of
methylphenidate. The psychiatrist involved in the stﬁdy had
access to the information of which treatment each child was
receiving, so that>in case of emergencies he could be
consulted. Parents had been forewarned ofrpossible side
effects, e.g., nausea, insomﬁia. if a child was not feeling
well, e.g., had a cold or the flu, and expg:ienced the same
kinds.of symptoms as drug side effects, pareﬁts were advised

to keep the child off treatment (drug or placebo) for two

- days, and then to resume treatment again. (as mentioned,

only 5 subjects weré withdrawn from the study because .of side
effects.) In this way, the double—biind was.not broken.
Methylphénidate is compatible with most othef medication, so
would not have to be discontinued if the child required
anothez‘psefcription drug during the treatment period.

The child's parent was given the child's first'eﬁveldpe
of pills after'baseline tes£ing, anq every three weeks
thereafter, when the child came in for re-testing after each

treatment period. When the parent brought the child in for

testing, information regarding compliance with respect to

~Pill-taking was gathered. If there was any doubt regarding

the regularity of pill-taking, the paréﬁt was requested to

bring in the ‘child's envelope with any remaining pills, after
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the next treatment phase.r_(As mentioned, three subjects were:*
not complying with the treatment regimen, and their data were
not included in the.study.) Children were superv1sed for
their pill-taking by parents in the morning, and by teachers
and/or principals at lunch time.

The child was tested on the dependent measures et
baseline and at the end of each three week-treatment peried,
usually about two hourﬁ {at the most three hours) after last
'ta&ieg his pill._¢Dne %hild from out of town was tested late’
in tﬁﬁLafternoon, s0 his parents were instructed to give him
thlrd pill, which had@ been supplied in the envelope, on the
testing day. Each individwal child tended to come at the /
same time of day for eachﬂsubseqﬁent testing because testing
times were chosen to coincide best with each individua;'s
schedule at school. The child's mother and teacher were
requested to fill in tﬁe'PSQ and'TRS, respectively, at
baseline and at the end of each three week treatment period.

" The order of testing was the MFF test followed by the’

CPT.

Data Preparation’

This study can be divided into three main areas of
1
- investigation. The first concerned the dependent variables
\
employed to define response; i.e., a} the actual number of

responders and nonresponders as defined by different
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dependent variables, b) testing the differences between
reéponders and'nonresponders (as ﬁefined) on the dependent
variables, c) Baséline, Drug, and Placebo comparisdhs of the
dependent variables, 4d) feséing for oréér effects (DPD vs.
PDP) on thp‘depepdent variables. The second area of study
was concerned with the prediction of response employingl
diagnosis of “bxain dysfunction and learning difficulty as thé-'
indepeﬁdent variables. Thirdly, this study investigated

neuropsychological test scores as predictors of response (as

defined);
Before these investigations could be undertaken; the
‘following data preparation was needed: 1) Drug and Placebo
scores on the dependent. variables had to be determined and
response defined. 2) The neuropsychqlogicél test results had
to be organized into workable independent variables.
This section describes the procedures involved .in the

Preparation of these data.
Defining Response

To determine whether or net a subject was -a responder on
the different dependent variables, lis performance on drug
was compared to his performance on placebo. If he performed
better on drug than on placebo, he was a responder. Since
there were three treatment sessidns for each subject (i.e.,

'DPD or PDP),'and comparisons were to be made between drug and
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placebo, a simple weighting procedure which weighted the two
fsame" treatments_(i.e;, drug for DPD, placebo for PDP) by
half the weight of the singie treatment (i.e., placebo for
DPD, dreg for ébP) was employed.. (This weighting procedure
. is, of course, equivalenf-to averaging the two "same"
treatments.) Hence, each subject would have a ‘Baseline, Drug
‘and Placebc score for each dependent varlable. This .
procedure is described in more detail for each of the

dependent varlables in the follow1ng sections. The computer

program employed for deflnlng response is. 1ncluded in .

Appendlx c.

Response Defined in Terms of -Performance on CPT Om1531ons,
CPT Commissions, -and MFF Errors

On the measures of CPT omlssidns, CeT commiSsioas and
MFF errore, the lower a.subject's score, the better his
perforﬁahce. "Response on these meaeures was_dgfined as
. follows. 1In order to'equally weight drug (D) and placebo (P)
conditions, weights of +1, -2, +1 wererassigned respectively
to D1, P, and 52 for the D-P-D order. _Fer PQD—P order,
weights of -1, +2, -1 were assigned respectively to Pl, p,
and P2. If a negative total resulted by adding up the three
conditions,‘i.e., D1+P+D2, or P1l+D+P2, the individuai was

Lo .

designated‘a responder. If the total was zerc or positive,
the individual was a nonresponder. For example: if a subject

scores 5, 6 and 4 ocn D1, P, D2 for MFF errors, he is

designated a responder, since-his total is negative.

e e ——— - ——— e [
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bl . P D2 Total
MFF Errors , 5 6 .4
Weight o (#1)x5  (-2)x6  (+1)x4 = -3

Response Defined in Terms of Performance on MFF Latency

For. the MFF latency measure, a long latency, that is,'a
larger score, is considered to be indicative of good

performance. For the b-P~D order, weights of +1, -2, +l were

assigned respectively-to D1, P, and D2. - For the P-D~P order,
] _

weights of -1, +2, -1 were assigned to Pl, D, and P2,
respectively. If the sum of the three conditions, i.e.,
D1+P+D2 or P1+D+P2,‘wés positive, the individual was a r
responder. If the total was zero or negative, the individual

was a nonresponrder.

Response Defined in Termd\of Conners' PSQ Impulsive-
Hyperactive Scale

.

ke .
For the Impulsive-Hyperacti yperactivity) scale of

the PSQ, a responder was defined if he showed 10%

improvement, i.e., a drug score lower than blacebo by 10% of _

placebo. This was calculated by'subtracting 10% of placebo
,from‘itself,aandmcompating it tO*drﬁg. " For the D-P-D order,
weights of +1, -2, +; were assigned to D1, [P-(.lxP)], and
52, respectively. For the P-D-P order, weights of ~1, + 2,
-Tl were assigned to [?1—(.lel)], b, and [P2~(.1xP2)}],

respectively. A negative total denoted a reéponder; a zero

.
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) 9
or positive total a nonrespoider. For example: if a subject

in the D-P-D order received scores of 1.5, 2.0, 1.25

respectively on D1, P, and D2, response would be calculated
as follows.: : L

L Y

DL P D2 Total
PSQ Hyper- - "
activity 1.5 2.q ‘ 1.25
"10% P . [2.0-(.1x2.0)]
Weight (+1)x1.5  (-2)x1.8 (+1)%l.25 = -,85

The total score is negative, hence this subject would be a
responder on PSQ hyperactivity.

1

Missing Values

In order to denote each subject as a responder or a

nonresponder on each dependent variablé, data for each case
on each ;;éatment condition of each dependent variaplg (fié;,
D1, P, D2 or Pi, D, P2} were needed. If data were missing
for any one subject on any one or more conditions, whether

that subject,was a responder or a nonresponder could not be

-

Ve . : : .
determined. Hence missing values hgﬁvto be dealt with. For
. .

any case with missing values on.CPT,omissiohs, CPT

commissions, MFF errors, MFF latency, and PSQ hyperactivity,
: . - .

on any of the conditions, the gfoup mean (i.e., with respect

to treatment order and condition) was assigned. For example:
" .

A - .
if the subject was in the D~P-D order and was missing CPT

a
-

C
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commissions .from the D2 condltlon, he would‘be assxgned the
mean of the D-P- D group on the D2 condltlon -of CPT

comﬁY551ons. fTables C- l, C- 2, C~- 3, and. C 4 in Appendlx C -,
present the\number pf cases, ‘means . and standard deviations .

for the different groups for each condition, before and afta{

substitution of means for missing values. As can be seen,

the standard dev1at10ns changed very llttle. It kquid be
‘noted that the number of cases w1th m1551ng values for the .

above dependent variables was small. Excepting the PSQ

‘-

hyperact1v1ty’scale, the mean percentage of missing data for

k]

all orders and conditions was only 1.6% (range.O to 4;2%).

The largest amount of missing data was for the PSQ

hyperact1v1ty scale, rang1ng from 6 7% to 16 7% (X ll 6%).

Response Defrned Using a Comblnatlon of Measures

The attentlonal measures .CPT om1551ons, CPT commlsSLOns,

MFF errors and MFF latency were used to define four new
categoriesﬂpf response-‘RSPl, if the subject was a. responder
‘on one of the four attentlonal measures.'RSPZ a responder on
. two of the four attentlonal measures, R$P3jia respander on
three of the f0ur attent10na1 measures; .BSP4, a responder on
all of the attentrqnal measutes. Comblntng the results of
the PSQ‘%éﬁﬁract1v1ty scale w1th the four attentlonal
',measures ylelded ﬁour add:tlonal categories of. response.
BEHATTl, a responder on, the Fsoﬁg;peractLV1ty scale (1 e.,

N
10% 1mprovement on drug as compared to placebo) and on one of
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the four attentional measures; BEHATT2, BEHATT3, and BEHATT4,

a résponder om'the PSQ hyberactivity scale and on two, three,
& *

and.fdur, respectively, of the attentional measures. -

-

Response Deflned in Terms oﬁ»Conners TRS Hyperactivity Scale

‘Data for the four {i.e., Baseline and the three

treatmept conditions) TRS hyperactivity scales were missing.
for a hhmber of casés in one or more of the conditions. The
.amount of missing data was much greater than for the other
dependent var1able§< ‘which necessitated a dlfferent approach
to d&allng with the problem of- missing data. It was felt
that the TRS hyperactivity scale ¢ould offer valuable
°
1nformat10n (as dlscussed prev1ously) and should be retained,
if at all p0551ble. The number, ocut of 96, of TRSs returned
were 82, 74, 68, and 65,. respectlvely for Baseline and the
three treatment phages of the study (i.e., Dl P, D2 or P1,
D, P2). Thls d1d not mean, howéier, that\all data was
% available for 65 subjects; bébause data were missing for
different subjéetslqn.diffetent conditidhs, in many cases.
’ Comp;ete data"(i.e., for Baseline and the three tpeatment
conditions) were available 6nly\for 44 subjects. It was felt
/ that- replac1ng miF51ng data w1th -group and treatméht
'condltlon means, a cbnservatlve method suitable when the
PR amount of m1551ng data 14 not‘great, as for the other ’ é&

- : -dependent varlables, would“average out" or mask 1nd1v1dual

dlfferences._ The solution arrived: at 1pstead follows.‘ (The
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. designated as responders.

-
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. \ ‘
computer program for this eolution is included in the prbgram
for defining response in terms of the other dependent
variables, ené can be found in Appendix C).

D-P-D order: I% both D1 and D2:wefe preeene, they'ﬁere
averaged to yield the subject's DRUG score. If ‘either D1 or
D2, but not both was available, the available score was used
as the DRUG score. DRUG was compared to [Placebo -

(.1xPlacebo)] to determine whether the subject improved at

- least 10% on drug compared to placebo. DRUG was weighted by

+1, [Placebo - (.1xPlacebo)] by -1. Since a lower score

indicates improvement, if the total was negative, the subject

" was designated as a resgonder. If the total was zero or

positive, the subject was designated as a nonresponder. For -

example: Subject Afonwgl, P, D2 receives scores of 1,25, 2.0m
1.0, respectively, on the TRS hyperactivity scale. Subject B

receives 1.25, 1.5, and missing for D1, P, D2 respectively.

M
' DRUG . ‘Placebo Total'

Subject A . )
, Score ' 2

Weight (+1)x1.125 (-1)x1.8 = -,675
Subject B _

TRS Hyperactivity -

SCOI‘E .o 1025 [l. 5-(.1)(1. _5)]‘ o

Weight ., (+1)x1.25 .- (-1)x1.35 = -.1¢

Both subjects A and B receive negative scores, so both aré

L - : oo v
T e e g m e
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averaged to yield the subject's/ PLACEBO score. If Pl or P2

o«

P-D~P order: If both Pl iE; P2 were present, they were

but not both, was available, the available score was used as
the PLACEBO score. . [PLACEBO - (.1XPLACEBO)] was then
compared to drug. Weights of +1 for drug, and -1 forr

[PLACEBO - (.1xPLACEBO)], were employed. Asrbefore, a
negative totalldesignated a responderﬁmi zero or positive
total, a nonresponder.

. This meghoé of dealing with missing data allowed 67
subjects| to be designated as responders or nonresponders on
the TRS yperact1v1ty scale. The modified procedure for
definin responders and nonresponders used for othe ’%RS
hyperactivity scale, and the ‘smaller number of subje;ts that

. would be included in any analysis involving the TRS
hyperactivity scale_as a dependent variable, should be kept

in mind when examining the results of this study.

it

Baseline,.Dfug, and Placebo Comparisons on the
Dependent Variables
/“

For‘comparisops made among Baseline, Drug, and Placebo‘
conditions on MFF, 'CPT, and PSQO hyperactivity variables, the
same procedqres were employed to arrive .at Drug end blaeebo
scores. That is, the two “same"'treatments (i.e., drug in
DPD, and placebo in PDP) were welghted by half the welght of

‘the single treatment (i.e.,. placebo in DPD, and drug in PDP).



Aﬁy missing data was treated as.described. Tables C~5 and )
C-6 in Appendix C present- the number of subjects, means, and -
standard deviééions before and after replacing missing «
values. i?gain, inspection of these tables indicates little

. change after replacing missing values. '

For the TRS hyggractivity séale,'if Basel&ne was missing
for a particular case, the hyperactivity Scoré on the TRS
completea by the child's teaéher_at the time of neuro-
psychplogical.test;ng was employed as a sﬁbstitute. prqg«hnd-

Y

Placebo scores were calbulated as described in the sthion on
x -
'.defining response for the TRS hyperactivity scale.

L

Factor Analyéis of the Neuropsychological Tests

-

. 1 .3
- Factor analysis and the creation of factor scores for

each ;ubjéct were employed to reduce a large amount of data to
a more manageabie‘number of variables. The neuro-
_psychological tests were\diviged into three groups of tests -
and three separafe factor analyses were performed, which
produceg‘a total 6f eight new independent_variabies.
‘ The'neuropsychoiogical test battery contains various
~ motor .and sensory.tests in which devélbpm&ntal‘factors play a
role. Ade“differences were ééntrolled for %hese tests that
did not have built-in écales permitting‘cggpqr%son_ac;o;s‘age
levels, by calculating T-scores.‘ Tge.T-Sco;ég%FEfe \. o

‘calculated using norms developed in the Ne&éggéycho;égy

. : . AR
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Laboratory of the Royal Ottawa Hospital on over‘é,OOO“';
N .

children referred to the laboratory- for, assessment for a

-

variety of rkasons (Trites, 1977).

The neurops logical ‘test variables were grouped into

the following classes of variables based on logical
considerations abd/t the nature of the tests, and on previous
research (Blou1n, Bornstein, s Trites, 1978b- Trites & Price,
1976): (l) general cognltlve and intellectual tests, (2) -
mot 'tests, (3) sensory tests,_ Before factor analyses,
Pearson product moment correlations (SPSS subprogram PEARSON
_CORR, Nie, Hull, Jenkins, Steinbrenner & Bent, 1975} were
computed for each pair of variabies ih each class. Variable
palrs that correlated greater than'.75 were onsidered to be

redundant, hénce only one of the varlables was . retalned to be

‘entered into the subsequent factor ana%x31s. . Missing values

for variables in the corr ation calculations were treated in.'

. "

the customary pair-wis deletion fashion {Nie et al,, 1975)
The data entered into ejch Pearson correlation are llsted in

Table D-1 in Appendix D. The tesults of .each Pearson

-

correlatlon are presented in Tab;eé D-2, D- 3, and D-4 1n
- i
Appendlx D. -t T ; 7/7

A separate factor analysis was'conputed for each'class
of variables. The method of]ixincipal factoring with
iteration was employed and in each case a varimax rotatton
was: carried out (SPSS Subprogram PA2Z, N1e et al, 1975). T?e

-

conventlonal method of common varlance retalned was employed
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{(i.e., only those factors with an elgenvalue greater than l
were retained. This crlterlon insures that only factors
accounting for at least the varggnég’ox a ‘'single variable

will be retained as significant (Amick & Walberg, 1975;

-

Cooley & Lohnes, 1966; Nie et al, 1975; Rummel, 1970)).

. Varlmax rotation was carried out for each factor analy51s.
" \//4/ Palr-wrse dele&Lon of missing data was employed. Factor
- J/,/’f”"”ﬂ—scores were generated for each subject from the factor score
coefficients (SPSS subprogram FACSCORE Nie et al, 1975).
For missing data encountered in the. constructlon of factor
ecores, weighted Eactor Sscores were produced based on the
existing data.v For any case w1th 50% or greater of the data
missing, ‘the output ﬁactor Score was assignéd a missing value
of 999 (SPSS subprogram FACTOR OPTION 10 Nle et al, 1975),

5

¥ .
The varlables lncluded in each factor analysis gﬁd the

results of each ahalysis are presented in Appendix D.

. 1. (ggnerai Cognitive and Intellectual~Variables
. . : : The\}actor analysis of ‘the general cqgnitive and
o lntellectual abilities varlables (listed in Table D~5)
. ylelded two factors w1th Elgenvalues greater than 1, whlch
together accounted for 53.2% of the variance (Table D—G).
The rotated var1max factor matrix is presented 1n Table D-9.
o o Based.on the factor loadlngs-(Table D—7), the flrst factor

was 1nterpreted as -a mEasure of performance or non-verbal

, . abilities. The WISC Performance IQ, Raven S Matrlcps, TPT

’

-

" . ) . . . . i ) . ) .' .
' ’ . ; - . . . . »
- T 'u [ ~ - . . . }
- - . . . 3 ot L.
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and Category test scores loaded highly on this factor. The
second factor was interpreted as a verbal abilities measure.
WISC Verbal 1Q and Peabody IQ loaded most highly on this

factor.

2. Motor Teét Variables

hy

The hotor test variables (listed in Table D-8) y'glded"!
three factors with Eigenvalues greater.than 1, accounikng for
61% of the variance (Table D-9). Factor 1 was interpreted as
reflecting motor speed and st;ength. Finger Tapping,
Dynomometer Grip Strength and Foot Tapping loaded most
heavily on this factor. The second factor received the
.highest loadings from the Holes Steadiness meésure§, hence
was interpr as reflecting motor steadin%ss. The Maze
Cooqéinat éest.and the Groove Pegboard test vafiableg

aded highly on the third factor, defining this factor as a

ga
measure of motor coordination -and dexterity. Table D-10

presents these factor loadings. //’*\\

-

7

3. 'Sénsory Test Variables

The factor ahalysis of the sensory test variables (Table

.

D=11) gave three factors with Eigenvalues greater than 1

accounting for 76.4% of the total variance (Table D-12). The

first facéor was very Highly weighted by the Tactile Forms
Test time vériables-and‘was_thus seen to measure form

perception speed. The Finger. Aghosia5variables eséentially :

-



-
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made up the second factorq The third factor was defl by

-

errQrs on the Tactile Forms measure. Table D-13 pfesents

these results.

Summary
‘Table 3 lists the'eigﬁt new independent variables,
created from the three factor analyses of the neuro-

psychological tests. ‘

N
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Table 3

INDEPENDENT VARIABLES

Performance Abilities

Verbal Abilities

Motor Speed and Strength

Motor Steadiness

Motor Coordination and Dexterity
Form Perception Time

Finger Agnosia

Form Perception Errors
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CHAPTER III
ANALYSIS AND RESULTS

%m The analyses employed to'investigate the issues raised

previously, and the results obtained from these analyses are

" presented here. Discussion of these results follows in the

next chapter.

Number of Responders and Nonresponders
- T

MFF Errors and Latency, CPT Omissions and Commissions, PSQ
Hyperactivity Scale, and. Combined Measures

The frequency and percentage of responders and -
nonresponders on each of the dependent measures listed above,
are presented in Table 4.

The more complex the measure used, i.e., combined

measures RSPl to RSP4 BEHATT1 to BEHATTA4, the fewer chlldren

were found to be responders. The response rate on the i . '
"\ *
attentional measures ranged from 36.5?—(CPT commissions) to
60,4% (M?F errors). The criterion of 10% 1mprovement on the
Ehe

PSQ hyperactivity scale ‘vielded a response rate of 50%.

Responders Vs. Nonresponders on Dependent Variables

T-tests (SPSS subprOgram T—TEST, N1e et al, 1975) of the
difference in means of the contrast scores of the responﬁens
and the nonresponders, are presented in Table 5. The

contrast score for D~P-~D used the weights +1,

2, +1 for Bl,

G S e ammeaee e e
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Table 4

. NUMBER OF RESPONDERS AND NONRESPONDERS
(all missing values of raw data. replaced by group mean) (N= 96)

-

Variable - Nonresponders - _Responders

’ . N Freq. % N Freq. %
CPT Omissions : 58 (60.4) 38. (39.6)
CPT Commissions 61 (63.5) 35 (36.5)
MFF Errors : 38 (39.6) ' 58 (60.4)
MFF Latency 47 {49.0) 49 {51.0)
PSQ Hyperactivity 48 (50.0) 48 . -{50.0)
(10% improvement)
RSP1 . 6 ( 6.3) 90 (93.7)
RSP2 ’ 38 " (39.6) 58 r
RSP3 - " 69 (71.9) 27
RSP4 ' - 91 (94.8) 5.
BEHATTI1 : 49 {51.0) 47
BEHATT2 ’ ‘ 66 {(68.8) ) 30
BEHATT3 _ 82 (85.4) 14
BEHATT4 94 (97.9) 2

\
A
A
-«

B Lt LT PR
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' Table 5 4
N ' " £-TESTS,OF CONTRAST SCORES  (N=96)
: ) ‘ ;
Non- :
Variable® ~responders Responders t-value 3
N X N X '
' CPT Omissions 58 2.70 38 - 4,59 5.97 .000***
. CPT Commissions 61 1.89 35 - 3.22 6.19 .000%***
. 'MFF Errors 38 " 6.92 58 - 7.92 14.70 .J00Q***
MFF Latency - .. 47 =14,15 49 9.37 -3.31 .00QL***
PSQ Hyperactivity 48 .54 48 - .65 ll,60v..000*** :
R (10%) T T s
**% p < ,001
- \ - . . Table 6
THE HYPERACTIVITY.SCALE
Number of Responders (i.e., 10% Improvement)
and/t—Test of Contrast Scores (N=67) .
Nonresponders . -Responders ) t-value P .‘{
N Freq. % X' N. Freqg. % x//‘
, 43 (64.2) .30 24 (35.8) = .53 6,35 "L ,000%**
/ R " . ‘ . . a
. *xk® p = .001 ' 3 . .
- ! ” =
. 3 -
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P, and D2, respectively; and the'weights -1, +2, -1 for P1,
D, P2, reséegtiuelyy for P-D-P, as descFibed previously.
T-tests for ﬁeééonders Vs, ndnrequnders on CPT omissioés and
commigsions;‘hfffz}ggzié?nd latency, and the PSQ ‘ L F
hype;aqtivity scale wer all Significant (p s .001), 'This » '

indicates real {(i.e., significant) differences between

respeonders and noﬁreSpbnders_on each of the dependent

measures above.

TRS Hyperactivity Scale
fhe criteria of '10% imPEovemeﬁt.on‘drpg over placebo on

. - the BRS hyéeractivity scale yielded a response rate of 35.8%

L]

(baéed on 67 subjects,; as described). A t-test for -

P

differences on the TRS hyperactivity scale between responders '
N i

]
o

. ~ . . o . -
and nonresponders was significant (p < .00l1)}, imdicating -
s . _ p

e ' . - significant differences between the mean of responders and
‘_,,z/fhjignrespOnders on this measure. These results are presented
. el . /\_ -
in Table 6.

Definitions of Response Selected for Subsequent Analyses

Ten definitions of respgpse'were selected to form

- ’ N . hg ) N
responder/nonrespander groups for the subsequent analyses.
- - : ‘

These were: CPT gﬁissibné;:CPT cémmissions, MFF errors, MFF

latency, PSQ hYﬁjzaétivity, TRS hyperactivity, RSP2, RSP3,

' BEHATT?2, and BEHATT3. The response triteria of RSP1, RSP4, :

L. BEHATT1, ‘and BEHATT4, which defined 93.7%, 5.2%, 49.0%, and -

e e e e e Ty

— - L
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2,.1% of subjets as respénderq, respectively, were not

included in the éubsequent analyses. These fouE dependent
variables are of interest orfly for descriptive, not

predictive purposes.2 . . .

e —

Baseline, Drug, and Placebo Camparisons

MFF Errors and Latency, CPT Omissions and Commissions,
and PSQ Hyperactivity Scale

All supj;cts were compared for baseline, drug, and
placebo conditions. f*tests bf Baseline vs. Drug, Baseline
vs. Placebo, and Drug vs. Plécebo are presented in Table 7.
Significant :‘:esults were found for Baseline vs# Drug and
Baseline vs. P}acébo for CPT commissigns, MFF errors, and the
PSQ hyperactivity scafe. Significant Drug vs; Placebo
differénces were found for MFF errors and the PSQ
hyperactivity scaie. The_significant‘results for Drug vs.
Placebo differences found for MPF errors and the PSQ
hyperactivity gzale are consistepf with the Qigh numbér of
responders (i.e., improvement on drug vs. placebb) define@ bf

these two measures. The nonsignificant Drug vs. Placebo

- []

2. For example, it is of interest that 97.9% of subjects do
not improve on all four of the attention measures, but
meaningless to attempt to correctly predict this. One
has only to say that.no subjects will respond on all
four attention measures, and one's prediction would be
wrong only 2.,1% of the time. BEHATT] would not appear
to add information to that provided by PSQ hyperactivity,
since 93.7% of subjects ‘are responders to one
attentional measure.

/ . e e e e e L, L

(')r



~

\

- + Table 7
t-TESTS BASELINE VS. DRUG, BASELINE VS. PLACEBO,
DRUG VS. PLACEBO - h
Variable N Baseline Drug Placebo t P
X X X : .
. ) ¢
CPT# 96 2.49 2.15 - .97 .335
Omissions 96 2,49 - 2.25 .54 .587"
o 96 - 2,15 2.25 - .29 J771
CPT. 96  -2.49  1.41 - 2,71 .008**
Commissions 96 2.49 - 1.40 3.30 L0p1***
: ' 96 - 1.41 1.40° "0.06 .954
' MFF 96. 13.24 9.17 -, 7.86.  .000***
Errors 96  13.24 - 10.20 6.67 - .000***
96 - 9.17  10.20, =2.29 - ,024%**
"MFF .  « 96 11.84 11.93 - -0.08: .934°
Latency 96 11.84 - 13.01 ~0.72 .474
96 - 11.93 13.01 -0.58-  .564
PSQ 96  1.39 .92 - 10.31  .000%**
Hyperactivity 0% 1.39 - 1.06 7.21 L00Q***
. 96 - .92 1.06 =-3.12 L002%%
TRS 8L  1.75 1.25 - 6.88 L000%**
Hyperactivify 71 1.68 - .81 3.21 L002%*
67 - 1.25 1.39 -1.88 .065
** p < L0l ’
* &k x p Sh- .001
N
Y -+
N g
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J . ’
.differences for the other comparisons are r;?lected'in the

" lower rate of'response on these measures. It must be kept in

mind that all these comparisons were .made between Baseline, \*V//_-
s
Drug and Placebo for all subjects, regardless of whether they
: , : =
were responders ok nonrésponders. MFF errors and PSQ .

hyperact1v1ty would appear to be the meagures most sen51t1ve

to drug effects. o

TRS Hyperactivity Scale . ‘

T-tests showed significant Baseline vs. Drﬁg and
Baseline vs. Placebo results, The Drug vs. Placebo

comparison approached significance. These results are

presented in Table 7.

Order of Treatmeht Administration

In order to-determine whether the order of drug and
placebo administration affected the Drug and Placebo scores .
employed in the'present study to define response to
treatment, t-tests of Drug and Placebo were performed for all
the dependent variables. Drug and Placebo were determined as
before, and missing values dealt with as diseussed.' Table 8
presents the results of -the t-test analyses. (Baseline
scores were included’for comparison purpose In only one

1nstance (CPT Omlsslons, Basellne Score) were the DPD and PDP

.groups 51gn1f1cantly different (p < w05), and this would not

effect 'Drug vs. Placebo differences used in defining

-

T e,
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_ Table 8
t—TES§'COMPARISONS OF DPD GROUPS WITH PDPF GROUP ON
DERE\?ENT VARIABLES (BASELINE, DRUG, AND PLACEBO)
e v e ok
: , Group - T :
Variable Condition DPD PDP - b )<
x - N X S.b.. N X S.D. . . '

" ¢pr Baseline 66 2.92 4.08 30 1.53 1.66 2:37 .020*
omis— Drug 66 2.15 2,51 30 2,17 2.90 - .03 .975
sions Placebo 66 2.27 3.51 30 2.19 2.56 .12 .906
CPC Baseline 66 2.82 3,77 30 1.77 3.40  1.31 .195
Commis- Drug 66 1.59 1.97 30 1.03 1.16 1.72 .088
sions Placebo 66 1.40 1.53 30 1.40 2.28 .01 .988 .
MFF Baseline 66 12.83 6.64 30 14.13 6.60 — .89 .375
Errors Drug .66 -8.78.5.65 30 10.03 -7.37 3.-91 -363

Pracebo 66 9.67 6.55 30 11,35 4.71 21.27..209
" . MFF- . Baseline 66 11.92 5.77 30 11.67 5.00 .21 .833
Latency Drug 66 11.23 4.48 30 13.47 17.85 - .68 .504
Placebo 66 13.89 17.93 30 11.05 6.70 1.13 .263
PSQ Baseline 66 1.43 .60 30 1.29 .65 1.05 .296
Hyperac- Drug 66 .96 .41 30 .84. .63 .92 .366 .
TRS Baseline 64 1.83 .72 30.1.57 .80 1.55 .124
Hyperac- Drug 63 1.28 .66 20 1.16 .84 .66 .512
tivity Placebo 48 1.44 .73 25 1.29 .95 .74 .459
* p <..05

e
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response. In all other cases, DPD and PDP groups did not

-

-~

differ significantly-on the dependent variables. These

results suggesf-that the order of drug and placebo

dadministration did not significantly affect the Drug and
! 7 : . o )

.PIacebo scores which were employed to define response.

Brain Dysfunction (BD), ﬁéarning-DifficulEy‘(LD) and Response

The frequency of the classification of brain dysfunction

. and learning difficulty are presented in Table 9. The cell

,fréquencies-were hot significantly different from chance

ekpedtatiod‘(x2=.423, §=.515) (SPSS subproéram CROSSTARS,
Nié et al, 1975). _ -

Two by. two (2x2) cgosstabulations of brain dysfunction
(no brain.dysfuﬁctibn (NBD), brain dysfuhction {BDY§ and
%esponse (ndnresponder, responder) ﬁsing various dependent
wvariahles to_define response, as discussed, did not yield any

significant results between brain dyéfhnction and response to
L ]

treatment. However, in 9 6ut of 10 comparisons, there was a

higher percentage of responders in the BD group than in the

" NBD-group. . . : . .

Two by two crosstabulaﬁions of learning difficulty (no

learning-diffiéulty (NLD), learning difficulty (LD)) and

- response, using various dependent variables to define
response, as-above, did not yield any signifi¢ant results.
However, in 8 out of 10 comparisons, there was a higher

.- (percentage of responders - in the LD group than the NLD group,

B e
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Table 9
E‘RéQUENCY AND PERCENT FREQUENCY OF BRAIN DYSFUNCTION (BD)
AND LEARNING DIFFICULTY (LD)
Learning Difficulty
NLD - LD Total
NBD 35 19 54
(36.8%) {20.0%) {56.8%)
Brain -
Dysfunction .
BD 23 18 4l
“(24.2%) (18.9%) (43.2%)
Total 58 37 95
(61.1%) (38.9%)  (100.0%)
X2 = .423 p = .515

-
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although these differences were not as marked as for BD vs,

*

NDB. o ‘ R
The results of these 2x2 crosstabulations of brain -

dysfunction and response, and learning difficulty and

response are presented in Table 10.

1N

' Discriminant Function Analyses — q&,
\ -
In order to 1nvest1gaté\whether neuropsychologlcal test
variables were predlctlve of response to methylphenldate, ten
discriminant function analyses were performed.

—

The independent variables (i, e;, the eight neuro—

P

Psychological test factor scores) were used as predlctors in
ten discriminant functlon analyses, the dependent wvariable .
being response/nonresponse defined in ten dlfferent ways.
The dlrect method of dlscrlmlnant functlon analy51s

{SPSS subprogram DISCRIMINANT; Nie et al, 1975), which enters
all inaependent variables into the analysis concurrently was
employed. . Excluding the analyses which employed TRS
hyperact1v1ty to deflne responders, out of 96, cases, 90 were
1ncluded in the nine dlscrlmlnant function analyses u51ng
neuropsychologlcal test variables as predictors. The

‘ remalnlng 6 cases had at least bne missing dlscrlmlnatlng
varlable, SO were not 1nc1uded in the analyses. for TRS

r

hyperactivity as the dependent variable used to define
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-Table 10

NIMBER OF RESPONDERS AND NONRESPONDERS CIASSIFIED IN TERMS OF
BRAIN DYSFUNCTION (BD) AND LEARNING DIFFICULTY (LD)

l. BD By Response 2. LD By Response

-

Variable Used to ) ' Non- . e Lo
Define Response Classi:fica;ion responder Responder Total % Responders

i

CPT Omissions D . 36 18 54 33.3
" BD 21 20 . 41 - 48.8
, ) x? =1.718 p= .190
NLD 33 25 58 56.9
LD 24 : 13 37 35.1°
x* = 312 p= .577
CPT Commissions - NBD 37 T 17 . 54 31.5
BD 24 17 . 41 41,5
. i
x* = .623 p= .430
NLD - © . 38 20 58 34,5 °
LD 2 WM 37 37.8
x2 - = .013 p= .910
MFF Errors + " .MBD .3 .31 54 . 57.4
. | BD 11 27 41 65.9
| x% =- .389 p= .533
- NLD 23 35 58 . 60.3
LD ' 14 23 QV}J\, 62.2
'x* "= .000 p=1.000
MFF Latency . NBD 26 28 54 51.9
: : BD 20 21 4 51.2
- ‘.- x* = .000 p= 1.000 ~
4 Q& 32 26 58 44.8

LD . 14 23 37 62.2

X = 2,069 p= .150
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Variable CQlassification Responder Responder Total & Responders.
RSP2 NBD 23 . 31 54 57.4
‘ BD 14 27 41 65.9
2 . ¢
g X" =389 p= .53
NLD 26 32 58 55,2
LD 11 26 37 70.3
"
X* =1.577 p= .20 )
RSP3 NBD . 4 13 54 24.1
. BD 27 14 41 34,1
X = 720 p= .39
- NLD ~ 39 - .19 . 58 32.8
LD 29 8 37 21.6
Xx* = 884 pe= .347 y
PSQ Hyperactivity " NBD 31 23 54 42.6
(10% improvement) BD .16 25 41 61.0
X =248 p= .117
NID . 29 29 58 - 50.0 -
LD . 18 19 37 5l.4
. ; A .
. : X = ,000 p=1.000 ° ) Q/
BEHATT2 NBD 39 15 54 27.8
: BD 26 15 41 " 36.6
x* = ,479 P= .489
NLD a1 17 s 29.3
LD 24 , 13 37 351
-
. 2 ~ .
X* = .13 = 712
. L °. P
BEHATT3 NBD 47 ® 7 54 13.0
, - BD . 34 7 41’ S 17,1
x> = .072 p= .789
%\ ~ NLD 50 (8 58 13.8
LD 31 .6 37 16.2

x> = .001 p= .978



94

' ' : ~ ‘Non—
Variable® Classification Responder Responder Total § Responders
TRS- Hyperactivity NBD 24 12 36 . 33.3°
. ' x* = .01 p= ,981
NLD 27 14 o4 34,1
LD 16 .9 25 36.0
) ' x* = .000 p=1.000
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response, 66 cases were available for the discriminant .

function analysis.

In summary, multiple discriminant function analygsf were
employed to test the hypothesis that there were no
multivariate differences on neuropsychological test measures

between responders and nonresponders to methylphenidate, as

defined.

-

Table 11 presents a.sumﬁary of the .discriminant function
analyses-using the neuropsychological test factor scores as
predictors. As gan.pe seen from this table, neuro-
psychological test factor. scores predicted significantly
-{(p=.008) responders from nbnresponders"as defined by RSP2,
overall correctly classifying 71.1% of the sﬁbjects.

Deflnlng response in terﬁiLof 1mprovement on MFF errors and

-

RSP3 led to discriminant functlons that approached
significance at the .05 level, when neuropsychological tests
were ﬁged-as bredictors. When response .was defined in terms
of improvements on MFF errors, 66.7% (p=.569) were correctly /.
cléssified: fqr RSP3, 64.4% (p=.063) were correctly’
c%assified as responders or nonfesponders: Drug ahg Placebo
scores on‘all'the dependent variables for requnders énd
nonrequndérs'qn MFF errorg,‘RSPz, and. RSP3 are pre§ented in
Appendix E. '

The independent'variaﬁles involved in the three .

discriminant function analkses that reached, or almost

reached, statistical signifidance {i.e., when respohse was

“
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L | : - - Table 11
‘DISCRIMINANT FUNCTION ANALYSES)\SUMMARY TABLE

NEUROPSYCHOLOGICAL TEST FACTOR SCORES AS 'PREDICTORS
' OF RESPONSE o

3
Overall
Responders vs. Total . ‘ - Correctly
Nonresponders - N Wilk's X df p= Classified
_ CPT Omissions 90 . 9180 8 J716 * | 58.9 -
CPT Commisgions 90 £ .9041 © 8 .389 67.8
MFF Errors 90 ©  .84137 8  .069 56,7
) MFF Latency 90 .9015 8 367  6l.1
RSP2 | 90 .7805 8 L008** 71,1
RSP3 . 90  .8383 8 .063 64. 4
PSQ Hyperactivity 90 .9538 .8  .859 56.7
BEHATT2 90 .8797. 8 - .216 - 67.8
BEHATT3 90 .8570 8 .113 77.8
TRS Hyperactivity 66 .8330 8. .204 66.7
N |
** p 5,01
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. defined by.MFF errors, RSP2 and RSP3) were explored-further.”

)

;by'unibariate analysis at two lévels. Tables 12, 15, and 18

. bresent more detalled 1nformat10n on the dlscrlmlnant

ﬁunctlon analyses of the ‘three above. In order to 1dentify
on which factor scores the respondg,s and nonrespondefs,
dlffered one~way analyses of variance for 'each varlable
(factor score) included in‘each discriminant analysis_were

< )
‘carried ou@. Tables 13, 16, and 19 present the univariate

~

F-ratios for these analyses. ’ - . N m

The second univariate analysis identified which actual

néuropsychological tests separated the groups. Those tests

that loaded highly on each factor that had proved significant

in the ‘one-way .analysis of variance were selected. T-tests
¥ . N

for differences between means on neuropsychological tests

-between responders and nonresponders were carried out (Tables

14, 17, and 20). The presentation of the';es&lté from the

above described analyses now follows, in more detail.

-

1. Response as Defined by Performance on MFF Errors:

The discriminant function analysis empléying

¥

’--

neu}opsychological test factor scores as predictors of . —<
respon#e on. MFF errors yielded a singie discriminant functi&g
with a Wilk's Lambda of .8413 (df 8, p=.069). The

standardized discrimiﬁant function coefficients indicate that-

the'ﬁighest loadings were on Performance Abilities and Finger

Agnosié. . These results are presented in Table 12,
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RESULTS'OF'bISCRIHINANT FUNCTION ANALYSIS OF MFF ERRORS

Table 12

- RESPONDERS VERSUS NONRESPONDERS
NEUROPSYCHOLOGICAL TEST FACTOR SCORES AS PREDICTORS

" OF

RESPONSE

Standardlzed Canonical Discriminant Functlon Coeffiicients

Performance Abrlltles 0.69094
Verbal Ab111t1es 0.26@43
Motor Speed and Strength -0.12149
Motor Steadiness - ’ 0. 25340 '
of////ﬂrrax‘ N "
Mot Coordination and Dexterity -0.17414 .
\\;%orm Percepéigg\figﬂ 0.13471
Finger Agnosia . -0.45846
Form Perception Eqrors 0.17318 -
¢ 4
biscriminant N Canon1ca1 L
Function Elgenvalg\) Correlation Wilk's A df p=
1 .  .18867 .398 ™ .8413 '8 .069
; .
C13551f1cat1on Results
) ) Predicted Grq_p Membershlp
. Actual Group N Nonresponders Responders
' Nonresponders \»~+n36 27 9
A (75.0%) (25.0%)
Responders 54 21 "33
{38.9%) (61.1%) .

90

Overall correctly classified:

66.7%

<y -

<
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In Table 13, the univariate F-ratios for each factor

score variable are presented.

1

The results of the univariate |,
F-tests indicate that Eesponders and nonresponders dif?ered
most on Performance Abilities and Finger Agnosia.

_‘In order to determine on which specific tests the two
groups differed, univariate t-tests were performed on the
actual test .data that made'up_the factor scores variébles
that were ;ignificant. se results are presented in Table
14. The resulfs show tHat respenders performeé more poorlf
than nonresponders on ail thdtactuél assessment variables and

-
that th1s difference was 51gn1flcant for the fOllOWlng

varlables. WISC Performance I1Q, TPT locatron and TPT memory

scores, Category Test, and Finger Agn051a for (dominant and

nopdominant hands.. ¢ R

2. Résponse as Defined by Performance on RSP2:

-

Table 15 presehts the results of the discriminant

scores as predictors of response on RSP2. This an lysis

yielded a single discriminant function with a Wilk's

of 7805 (df 8, p=.008).- The standardized.discriminant

I

v - . L
function coefficients indicate that the highest loadings were
on Performance Abilities and Finger Agnosia.

In Table 16,

Fa
score variable are presented.

the univariate F-ratios for each factor
The results of the univariate

F-tests indicate that responders and.nonrespgﬁaers differed -~
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Table 13

UNIVARIATE F-RATIO FOR EACH VARIABLE INCLUDED IN THE : -«
DISCRIMINANT EQUATION OF DIFFERENCES BETWEEN MFF ERRORS
.RESPONDERS AND NONRESPONDERS (1 AND 88 4f)
NEUROPSYCHOLOGICAL TEST FACTOR SCORES

Variable ' F-Ratio p=
Performance Abilities 7.814 .006**
Verbal Abilities 2.260 .136
Motor -Speed and Strength 1.143 ' .707
Motor Steadiness 2,041 .157

- Motor Coordination & Dexterity 2. 885 ) .093 °
Form Perception Time _ .209 .649
Finger Agnosia ' 6.975 . .010%**
Form Perception Errors .115 .915
** p < .01 - ‘

.
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TABLE 14

UNIVARIATE t-TESTS OF DIFFERENCES BETWEEN RESPONDERS
AND NONRESPONDERS AS DEFINED BY MFF ERRORS .
NEUROPSYCHOLOGICAL TEST“(ACTUAL) SCORES ~

Test Mean (X)
Nonresponders Responders

er
Lol
il

WISC Performance IQ 106.1 ©100.4  2.32 023+
Raven's Matrices 54,1 S51.0 .71 .090

TPT Total Time T-Score 44.9 47,9 -1.54 “.,128

TPT Location T-Score 53.9 : 49.3 2.08 .040*

TPT Memory T-Score %  54.9 50.4  2.28 .025*
Catégory Test Errors ‘

T-Score ' : . 43.5 - 48.5 =-2.67 .009%**
Finger Agnosia Dominant

T-Score 48.13 52.6 -2.32 ,023*
Finger Agnosia Non- . [
Dominant T-Score- 49.5 53.0 -2.07 .042*
*p < .05

** o< .01
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RESULTS OF DISCRIMINANT FUNCTION ANALYSIS
OF RSP2 RESPONDERS VERSUS NONRESPONDERS
NEUROPSYCHOLOGICAL TEST FACTOR SCORES AS PREDICTORS

OF RESPONSE

Standardized Canonical Discriminant Function Coefficients

Rgrformance Abilities .+87639 .
Verbal Abilities : -.05595
Motor Speed and Strength -.17364
Motor Steadiness .. . . —.25431
Motor Coordination and Dexterity v=.26851
Form Perception Time ' .32207
JE‘inger Agnosia ' ' .41888
Form Perception Errors s .13040
. o

-Discriminant Canonical

Function Eigenvalue Correlation Wilk's A df p=

1 .28130 . .469 77805 8 .00g**

e

Classification Results

£ -

= ) Predicted Group Membership
Actual Group N Nonresponders Responders
Nonresponders - 35 9
(74.3%) (25.7%)
Responders 55 17 - 38
(30.9%) (69.1%)

90

-Overall correctly classified: 71.1%

* % p = .Ol
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Table 16
UNIVARIATE F-RATIO FOR EACH VARIABLE INCLUDED IN THE
DISCRIMINANT EQUATION OF DIFFERENCES BETWEEN RSP2
RESPONDERS AND NONRES PONDERS (1 AND 88 df)
NEUROPS YCHOLOGICAL TEST FACTOR SCORES

Variable ' ‘ F-Ratio ' p=
Performance Abilities : 15,06 | .OOO***
Verbal Abilities - .937 ' .760 .
Motor_Speed and Strength - .162 .688
Motor Steadiness . .251 .618
Motor Co?;dination & Dexterity 4,483 . .037%
Form Perception Time 141 .991
Finger Agnosia 6.423 .013*
Form Perception Errors .589 .445

* p < .05

*** p < .001
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./ most on Performance Abilities, Finger Agnosia, and Motor

Coordlnatlon and Dexterity. .

sIn order to determlne on Whlch spec f1c tests responders

and nonresponders differed, un1var1ate t- test ere performed

on the actual test ‘data that made up the factor scores that‘

were significant'in the F-tests, The results of the t- tests
é/;/j' The results show that the

performance of the responders was more 1mpa1red than that of

the nonresponders on all the actual assessment variables.

For the following variables, this difference was significant;

Raven's Matrices; TPT total, location and memory scores, the

Maze Coordination test for the nondominant hand, and Fingey

Agnosia for the dominant hand.

3. Response as Defined by Performance on RSP3:’

~

The results of the discriminant function analysis

employing neuropsychological test_factor scores -as predictors
of response on RSP3 are presented in Table 18. This analysis
yielded a single discriminant function with a Wilk's Lambda
of .8383 (df 8, p=.063). The standardized discriminant
function coefficients indicate that the highest loadings were

on the Performance Abilities, Motor Steadiness, Finger

Agnosia, and Motor Speed and Strength factor score variables.

The results of the univariate F-tests indicate that
responders and nonresponders differed most on the factor

score variable Performance Abilities. These results are
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UNIVARIATE t~TESTS OF DIFFERENCES BETWEEN RESPONDERS
AND NONRESPONDERS AS DEFINED BY RSP2 :

NEUROPSYCHOLOGICAL TEST (ACTUAL) SCORES

Mean (X)

|

Nonresponders Responders t p=

*** p <,001

WISC Performance IQ 105. 4 ©100.8 1.86 .066 -

Raven's Matrices 56.6 49.4 4,21 ,000%***

TPT Total Time T-Score 43.7 - 48.7 =-2,60 .01l* "

TPT Location T-Score 56.1 47.2 4,05 -.000%**
' TPT Memory T-Score 55.7 49,8  3.02 .003**

bategory Test Errors :

T-Score : 45.3 47.2 -1.02 .312

Maze Coordination Dominant _ k—‘_/,—-—-/“\

Total Time T-Score . 44,6 45.6 -1.16 248

Maze Coordination Nondo-

minant Total Time T-Score 42.6 "46.2 -2.66 .009**

Pegs Dominant Total Time

Pegs Nondominant Total = - _

Time T-Score 44.7 46.9 -1.19 .238

Finge: Agnosia Dominant .

T_Score - 48.-.1 ' 52- 8 "'20 62 . Olo**

. NP ¥
Finger Agnosia Nondominant
T-Score = - 497 53.4 -1.86_ .067
£ :
*p <,05
** p s.01,



Table 18

RESULTS OF DISCRIMINANT. FUNCTION

. . . RSP3 RESPONDERS AND NONRES
: © NEUROPSYCHOLOGICAL TEST FACTOR

PREDICTORS OF RESPONS

NALYSIS OF

NDERS
CORES AS

Performance Abilities

nggg;rdized Can;k@cal Discriminanp/g;nction Coefficients

. 60832

B Verbal Abilities ~.31223 ’
Motor Speedxgnd Strength -.40572
~ " Motor Steadiness ~.47653
) Motor Coordination and Dexterity -,19291
Form Perception Time .18894

. Finger Agnosia

-—.41416 f”//

;
’I

! Form Perception Errors -.30000 L;
Discriminant Canonical
Function Eigenvalue Correlation Wilk'sA df p=
1 .19290 . 402 . .8383 8 .063
Classification Results
' Predicted Group Membership
Actual Group N Nonrespondersf; Responders
—
Nonresponders 64 ' 42 22
' ~ (65.6%) (34.4%)
Responders 26 ) 10 16
(38.5%) (61.5%)

90

Overall correctly classified: 64.4%
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presented in Table 19, ,

Univariate t-tests of the actual test data that had gone ™™

. igto the factor score-variable Performance Abilities are

presented in Table 20.- The results show that responders
performed equaliy (Category Test Errors) or more poorly than
the nonrespefifers on all the variables although they differed

significantly only on the TPT location score.

Summarx . .

Neuropsychological test factor scores were employed in'

discriminant function analyses as predictors of response to

methylphenidate. The predictor variables involved in the
discriminant function analyses that reached or approé;hgd
sndtistiéal significant were explored further by univariate

analyses at two levels; i.e., one-way analyses of variance

for the neuropsychological test fagtor scores;“followed’by

.t-tests of the variables tbag\loaded heavily on the

significant factor scores. These t-tests of the actual
néuropsyshological test sgores“were performed in order to
determine which tests separated the droups (i.e., résponders
from nonresponders). Foq'response defined by RSP3,

résponders and nonresponders did not differ on Category Test

" Errors T-Score. For all other neuropsychological test

variables subjected to t-test analyses, the responders showed

more impaired performance than did the nonresponders, and

many of these differences were statistically significant.

Ve
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Table 19

-

UNIVARIATE F-RATIO FOR EACH VARIABLE INCLUDED IN THE
DISCRIMINANT EQUATION OF DIFFERENCES BETWE RSP3
RESPONDERS AND NONRESPONDERS (1 AND 88 df)
WEUROPSYCHOLOGICAL TEST FACTOR SCORE

- ‘ -\_\
Variable . F-Ratio p=
Performance Abilities 5.067 .027*
Verbal Abilities . .384 . ,537
Motor Speed and Strength .488 . 487
Motor Steadiness ,.2:740 .101
" Motor Coordination & Dexteritf 1.874 . -175
.Form Perception Time .948 .923
Fihger Agnosia 2.334 +130
3.608- . .06l

Form Perception Errors

*p s .05
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Table 20

UNIVARIATE t-TESTS OF DIFFERENCES BETWEEN RESPONDERS AND

NONRESPONDERS AS DEFINED BY RSP3
NEUROPSYCHOLOGICAL TEST (ACTUAL) SCORES

]

Mean (X)

Test Nonresponders Responders t p=
WISC Performance IQ 103.§ 99.6 1,53 .129
Raven's Matrices 53,0 50.4 1.34 .85
TPT Total Time T-Score 45.9 48.9 -1.37 .174
TPT Location T-Score 52.9 . 46.3 2,71 .008%*
TPT Memory T-Score 53.1 - . 50,0  1.36 .179
Category Test Errors )
T-Score - 46.5 46.4 .05  .962

\
\
** b < .01 . .
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~ DISCUSSION
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- v
‘A number of issues were addressed in the presen® study

’gld each will be considered in turn. The first concern of

this study”ﬂas to define response to trea

. /
Trites (1980) demonstrated that usin lfferent criterla for

response resulted in w1de varlaayilty of response rate.\\Thls
finding was cited as a plaus1blq explanation for the varylng
rates of response reported in tge literature. The crit
employed by\Ferguson and Trltes {1980) were: 1mprovement on 5
out of 7 measures of attentlon' 1mprovement on parent “and
teacher global ratlngs of redponse, a«10% 1mprovement 'on
Conners' TRS and PSQ hyperact1v1ty scales, and different
combinations of the three precedlng.cr;terla. The criteria
in the present study were somewnat different than those
employed by Ferguson and Trites. Response on attention
measures was broken downrfurther in the present study, ang
parent and teacher ratings were not combined. | Nevertheless,
the results of the present st\dy also show that the more

‘complex the criteria for response‘(l.e. combined measures),

the fewer children were feund to be responders.

i Barkley (1976) clted ;iﬁ/as*tﬁi\average response rate in
the studles he reviewed. n general lower levels of |
response were found in the present study. This may be due to

the more strlngent criteria for response employed here.

e
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Whereas some studies have definea response as drug condition
showing improvement over baséline, the presenf study
contrasted drug to placebo, and only if a subject performed

‘ better on drug than on placebo hei~!§/;onsidered to be a

' responder. This comparison was possible because each subject

” .
received both drug and placebo. Subjects in this study were
=]

also'required to show a consistent response, befo eftgsy were
designaféd as responders or nonresponder§. This.could be
achieved because an A-B-A (i.e., Drug-Placebo-Drug or
Placebo-Drﬁg—Placebo) desigh was employed, as opposed to fhe
.Eféditional A~B_(i.e., Drug-Placebo, or Placebo-Drug) design.
Another possible reason for the lower response rates reported
in ;Eg.present study, has to do with drug dosage. In this
study, drug dosage was not individually titrated for each
subject. The daily dosage of methylphenidate was based on a
standard ﬁg/kg equation, following the suggestion of Werry
~-anq Sprggue (1971). Although this method is preferable in
| research, due to its objectivity) it is possible that the‘
'standa;d déily doéage of .5 mg/kg was too low for some

would-be responders. The average daily dosage in this study f

was around 16 mg, which is low comparedlto the daily dosage
1

* | ‘/”J

Responders were significantly different from -

recommendations in the literature.

nonresponders (p < .001) on all the dependent variables used
to define response, indicating that real group differences

were pfesent. However, there still remains the problem that
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'hyperact1v1ty scale (35 8%), however, as dlscussed{ this

. 112

responders and nonresponders who fall in the middle ground

- between definite improvement and no improvement may differ

very little from each other. The average number of.

o

responders for the attentlonal measures taken 51%gly, was

achieved when

46.8%, which co res favourably to the response rateee
\(Tijnse was defined in terms of 10%

1mprovement on the PSQ hyperact1v1ty scale (1 e., 50% of

subjects were responders on PSQ hyperactivity). The rate of

response was cqn51derab1y lower when deflned in terms of TRS

flgure wasg, determ ned on wer subjects, and response was

deflned in a di fer fashlon for thls dependent . variable. -

\

L)

The fact. that the dlfferent indivi jual criteria for response_‘\ﬁj
produced such discrepancy in the reported rate of responders
cautions one in 1%terpret;ng\§3e results of other studies
that'have used-only one criterion for response.

In the recent literature on H;g}reétiéity, it has become
more and more apparent that hyperactivity'is not a unitary

disorder, and that all hyperactive children do not respond

. ; _ .
equally well to the same kind of treatment. This prompted

:the postulation of different subgroups of h¥peractive

children.based on\éertafa‘optstsnding features that were felt

- to differentiate 9é§§;1 hyperective children from others

{(Dubey, 1976; Epstein, et'al, 1968; Ferguson & Trites, 1986;

.Lambert et al, 1976; Satterfield et &al, 1973). Brain

dysfunctlon ‘was hypothe51zed to play an ‘important role in the
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~
hyperactivity of some, but not necessarily all hyperactive.
children. Many of the studies reviéwed (Coﬁrad & Insel,
1967; Epstein et al, 1968; Millichap & Johnson, 1974; ’

Steinberg et al, 1971) gfovided evidence for better response

to drug treatment in hyperadtive children with evidence of

brain-dysfuhction. However, definitive conclusions could not
be drawn from this literature. One of the most frequent

difficulties encountered in these studieé was in how a

-

subject was diagnosed as having brain dysfunction. Ferguson
and Trites (1980) provided a more objective measure of brain
dysfunction. Q}aghosié'of presence of brain dysﬁunction was
based on neuropsychological test scores. They found that
when reéponse was defined as improvement on 5 out of 7
aétention‘meaéures, individuals diagnosed as showing evidence
of brain dysfunction demonstrated higher rates of response
tﬁan'those with no evidence of brain‘éysfunction (p < .025).'
The brain dysfunction group showed a higher response rate
when response was defined in terms of the other seven
criteria employed, however “hone of these findings was

s .

significant.

Learning difficulties often accompany hyperactivity.

Ferqguson and Trites (1980) investigated the possibility that

differential resbonse to stimulants may. occur in hyperactive

childrem\with and without learning difficulties. They found

mg¢thylphenidate and learning difficulty. The criterion .

o~



p

114

employed in their study to define learning difficulty was
academic achievement at leasf one year behind expected level
(as measured by the WRAT). This criterion is not very
stringent and perhaps has resulted in too many false
positives (i.e., ¢hildren labelled as having‘learning
difficulties who do not have them). Hence, in the present
study learning difficulty was defined employing different
criteria,as discussed. - '

One goal of the present study was to investigate further
the predictive utility of subgroﬂB&hg'childreh in terms of
brain dysfunction and learning difficulty. Al though the
results of this study showed that in 9 out gﬁ 10 comparisons
there was a higher percentage of responders in the brain u
dysfunction than in the no'braid dysfunction g;oup; the
results of X2 analyses of the relationship between brain
dysfunction and response to treatﬁent failed to reach
significanée. For learning difficulty, in 8 out of 10
comparisons the_learning difficulty group showed a higher
response rate than -the no iearning difficulty group, but
these differences were nbt as marked as for brain
dysfunction/no brain dysfunction, and were in' fact not
significant. These findings suggest that the dichotomies of
braih dysfunction/no brain dysfunction and learning
difficulty/no learning difficulty are not significant
predictors of drug response. This does not mean however,

that brain dysfunction and learning difficulties do not play

-

i
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a role in response to £reatment. The present study simply
shows that brain dysfunction gﬁa\}earning difficulty as
defined, and as dichotomies, were not predictive of responsé
to treatment. These results are compatible with those of
Ferguson and Trites (1980), even though learning difficdlty
and response criteria were different in their study. Only{’
one of their X2 analyées of brain dysfunction and response :
was significant (p < .025). This occurred when response was
defined as improvement on 5 and 7 attention measures. This
ériterion defined 39% of their subjects as responders. The

‘

present study has no directlf comparable measure of response.

RSP2 in the present study defines 60.4% of subjects as

responders; RSP3 defines 28.1% of subjects as responders. It

appears then, that the distinction of brain gysfunctian/no
brain dysfunction and learning df%ficulty/ho learning
difficulty, although suggestive of a relationship with
response, did not have significant predictive utilityl

A secénd approach to the issue of prediction of response
to stimulant medication in the present study involved the use
of the neuropsychological test scores as predictors of
response. A large amount of data was reduced by (1) deleting
variables found to be redundant (i.e., having a Pearson
correlation of greater, than .75 with one or more other
variables) and (2) by factor analysis.of Ehe remaining
variables and the creation of factor scores. The original

heuropsychological assessment data were thus reduced to
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eight factor score variables.

The results of the discriminant function analyses using
the eight neuropsychological test factor scores aé predictors
showed that neutopsychological test scores were significan£
predictors of response, when response was defined as improved
performance on 2 out of 4 attention measures (RSP2). The
discriminant function analyses using nedropsychological test
factor scores as predictors approached signiéicance when
response was defined as improvement.on MFF errors'and when
performance on 3hout of 4 attention measures (RSP3) was
improved. The number of responders dgfined‘by improvement on
MFF errors and on RSP2 was 58; for RSP3, 27 subjects were

responders. It would appear that RSP3 is defining a

“different group of subjects. Except for Category test

errors,'where nonresponders and responders on RSP3 scored the
- h}

same, in all univariate analyses of the actual neuropsycho-

logical test scores, responders performed more poorly than

nonresponders, and many of these comparisons -were

//ijﬁx\significant. The variables that were significantly different

for responders ané nonresponders (t-test) on_MFF errors were
WISC Performance IQ, TPT location and memory scores, Category
test errors, and Fingéf7Agnosia for.both'dominant and
nondominant hands. For RSP2, the following test variables
were significantly different for responders and
nonresponders: Raven's Matficés, TPT total, location, and

memory scores, Maze Coordination {(nondominant), and Finger
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Agnosia for the dominant hand. For RSP3, only the TPT

location score was significantly different for responders and

nonresponders.}

One possibility to consider here is that responders were
ini;ially more hyperactive (i.e.} more impulsive, -
disﬁractible, and deficient in attention) than nonresponders,
and as a result performed more pooriy on the pre-treatmeht

neuropsychological assessment. During treatment, these same
&

children may have improved most dramatically on the dependent

L4

measures, hence were designated as responders. In this way,
initial degree of hyperactivity would be the predictor of"

drug response. If original degree of hypéractivity was the

actual predictor of drug response, one might expect

'significant differences between responders and nonresponders

on the pre-treatment TRS and PSQ hyperactivity scales and on
the baseline measures ofcattention. T-tests of the scores of
responders vs. nonresponders (as defined by response on MFF

1

errors, RSP2, and RSP3) on PSQ and TRS hyperactivity scales

-and the four baseline attentional measures are presented in

Tables E-1 and E-2 in Appendix E. The results show that

responders in fact scored lower on the PSQ and TRS

hyperacti&ity scales given at pre-treatment than did

nonresponders (although only one comparison reached

significance). Of the baseline measures of atteé;;;;, two
were significant; one suggesting poorer initial attention for

responders (MFF errors for RSP2 responders), the other,

»

e
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better initial attention for responders. (CPT omissions for
RSP3 responders). The comparisons that approached
signif}cance suggest poorer initial attention span for
responders. These findings then, do not suggest that
respondexs to methylphenidate are more hyperactive as viewed
by mothers and teachers, although when more objective
measures were employed the results suggest that they may
initially have more deficits in‘attention.

What can wevcénclude from Ehe presept study? Single
measures of response may be unreliable. As the criteria for
response become more stringent, i.é., combined measures, qne
may feel more certain that a real change is being asgessed,.
and that improvement is less likely to be due to chance. A
problem arises when one must decide which criterion to apply.
For example: 60.4% of children responded to 2 out of 4
attention measures, and 28.1% responded on 3 out oﬁ 4
attention measures in the present study. AA criterion of 2
out of 4 may have too many false positives (that is,
equivocal reéponders defined as responders), but a criterion
of 3 on 4 may Yéave ‘out many children who'codld benefit from
stimulant drug treatment. This latter problem appea;s to
have occurred in the presenﬁ study. An average response rate
across studies of 75% has been ciied_in the literature
(Barkley, 1976). RSP3 defines only 28.1%.0f subjects as
responders. Thus the RSP3 nonresponder group likely includes

many false negatives {i.e., subjects that are classified as
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honresponders when theqﬁlly are responding to the
treatment).. This would explain why neuropsychologlcal

P

differences between responders and nonresponders decrease

when going from RSP2 to §SP3. The would-be responders in the

nonresponder group Presumably have poorer neuropsychological
test scores which they bring with them into the nonresponder
group, thus mlnlmlzlng the differences between the two |
groups. Follow—up studies of those chlldren who continue on
a program of stimulant medication, to compare outcome of
those who were responders on RSP2 and on RSP3 would provide
lnformatlon necessary in evaluathg which criteria proved to

o,

be the most useful in the long run. Given what is preseritly

known about response to drug treatment in general, the number

of responders defined by RSP2 is more 1n keeping with what
has been reported in the literature. If we take responders
as defined by RSP2 as perhaps the most effectual measure in
the present study, the results demonstrate that responders
and nonresponders can be 51gn1f1cantly discriminated by -
neuropsychological test scores. The factor scores that
contributed significantly to the difference between
responders and nonresponders ‘were Performance Ability, Motor
Coordination and Dextefity, anq Finger Agnosia. The actual
neuropsychological test scofes that'achieved significance on
t-test comparisons between responders and nonresponders were
Raven's Matrices, the three Scores from the TPT test, Maze -

Coordination nondominant hand, and Finger Agnosia dominant

/
!
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hand. On all these measures, and on those that failed to
reach statistical significance as well, responders scored
md;g poorly than nonresponders. On parent and teacher
ratings of hyperactivity, responders and nonresponders were
not significantly different. On one out of four attention
measures given at baseline, fesponders were seen to perform
more poorly than nonrespondefs. Several conclusions can be
drawn from the preceding. Neuropsychological test scores are
significant predictors of improvement on attention me;sures
"given during methylphe‘idate treatment. Children with
neurppsychological test deficits appear fo be better
responders to treatment. The pre-treatment behavior of these
‘responders was.not rated by mothers and teachérg as being
more hyperactive on the Conners' scales, than hatlof
nonresponders. However, on the measures: attention;
results of baseline p;>iprmance suggested.that injtial
attentional deficits may be more severe in subjec
subéeguently found to be responders to methylphenidate.

A few comments about the present study an@,suggestions
for future research may.be noted. The use of multiple
«criteria for response has po}nted out the great variability
in the number of responders when defined by different
criteria: The results of the present study do not sugggst
that responSf as measured by improvement on behavior rating

scales and on measures of attention are necessarily related.

This raises some questions regarding behavior rating scales



121

and measures of attention. The rating scales contain items
pettaining to attention span, as well as to other 'symptoms of

vﬁ&peracti&ity. Changes in attention likely cannot be judged
accurately by parents and teachers, or other observers for
that matter. Children whose most obvious behavioral symptoms
have been attenuated may erroneously be assumed by raters to
have 1mproved 'in all facets of their hyperact1v1ty, including
attention span. A child who has become noticeably less
disruptive may still maintain his original attentional
deficit. The discrepancy between what observers believe to
have changed and what actually has changed is apparent in
academic outcome studles.' In the1r review Barkley and
'Cunnlngham (1978) found that academlc outcome studies
frequently led to the conclusion that stimulant drugs
increased academic achievement, when change in achievement
was assessee by teacher opinion. However, when objective
achievement tests were employed as*measures of academic
performance, few positive shert—term or long-term drug -
effects were found It appears that teachers assumed

academlc improvement beecause notlceable p051t1ve behaviorai

change had occurred.

+

It seems that with treatment, some children who have
become mere manageable, have not improved in attention:
others m@& have improved attention span, but remain a
management problem. Of course some children may improve in

both ways, or in neither way as a result of treatment. What
[+ 3
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is being suggested here is that different problems aésociatéd_
with hypéractiVity may‘improve as a result of treatment for
different children. Gittelman—-Klein and Kléin (1975) found
little evidence to support the notion that cognitive and
behavioral change occur together. Sprague and Sleator (1956)
found that optimal cognitiwve cﬁange‘and optimal social change
did not bccur togethér, ahd that this was related to drug
dosage. ‘It seems that beha%}or rating scales and measures of
attention-are.sensitive to different aspects of
hyperactivity, and that treétment-may effecﬁ different
aspects of hyperactivity for different children. fhis being
so, perhaps the subsequent school performance of children
treated with stimulant drugs who improve on attention
méasures and children who improve on behaviof rating scale
measures would differ. The literature has ‘shown that
childrén whose behavior has been rated by théir teachers as

improved, do not necessarily show significant improvement on

academic achievement tests. Perhaps the outcome for
responders on attention measures would be more positive.
‘Future long term treatment studies comparing the classrobm
behavior and academfc @chigvement of respdnders as measured
by behavior rating scales and responders on attention
measures would clarify this issue. Neuropsychological test
predictors may be linked to this endeavor as well, due to
their ability to predict improvement in attention.

Why do some children improve on measures of attention

~

ann o
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and others on behavior ratings? It is possible that the
nature of their problems was different to begin-with. %%
béhgvior rating scales and measures of attention coulg/gg
related to actual classroqm performance, this woul//{lkely
provide 1nformat10n on why ;hlldren respond to treatment in
different ways. It would aLso provide a test of construct

1

validity for both thoge types of measu;es, as suggested.by
Barkley (1977).

One of the problems encountered in employing dlchotomq;%‘
suoq{as response/no response, brain dysfunctlon/n? brain
dysfunctlon, and learnlng difficulty/no learning difficulty,
is that subjects who fall between these extremes may not
differ greatly from each other, yet are classified into the
two groups. ﬁesponse towtreatment can be seen as a confinuum
from adverse to optimal response,. This can be demonstrated
in a single subject by varying the drug dosage; which in
fact, is the princfp%e employed when titrating dosage for a
particular child. The medication is increased until an
" optimal level of behavior change fs‘reached, without
accompanying side effects.. Perhaps a graded index of
response would be more reflective of the actual ﬁature of.
response. For gxample: response could be graded as optimal,
good, fair, nonéesponse, and adverse respgnse. Such a graded
scale of response.may also be used to make the diétinqtions

between response and nonresponse using multiple ctiteria less

rigid. For example: a responder on 2 out of 4 measures{méy
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be seen as a fair responder, on 3 out of 4 a. good responder;
Aend on 4 ocut of 4 an. optlmal responder. '

The same kind of problem arises with the iesue of brain
dstunction. Some cases may not be-as eiear-cut‘as others,
‘yet due to the dlchotomy of BD/NBD employed in this study,
must be assigned to one or the other group. Perhaps 1flbrain
dysfunction was subdivided into three groups i.e.,-evidenoe
' of brain dysfunction, equivocal evidence of brain
dysfunction, aod no evidence of brain dysfunction, such-al
subgrouping‘migﬁt prove to have significant predictive (end

hence clinical) utility. .

\]

The nature of learning difficuity mey perhaps be better
represented by taking degree of difficulty ioto'acoount. The
present study.employed different criteria at different grade
levels, in order to consistently'defihe the 'same number of
children as having learning difficulty at the dirferent*grade
;evele; This represé:ﬁs an improvememt over previcus

- research which employed‘e single criterion. However, the
present criteria were still rouoh, being based only on
achlevemenr test scores. .Perhaps subd1v1dlng learning
difficulty to reflect the degree of the problem would be
'1nstruct1ve.£§Another p0551b111ty would be to separate the
children who_are simply behind in school from those who have
problems that"?all under the dlagnostlc category of Spec1f1c

Learnlng Disabilities.

{'

l‘f‘-
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To summarize, the present study shows that neuropsy-

chological test scores are predictive of response 'to
methylphenidate when response is defined in terms of
improvement on ;ertain Measures of attention. However, in
terms of clidical Practice, it would be difficukt to apply
results from a group stuéy of neuropsychological scores to an
individual child, when recommending treatmenf. This is where
the subgroups would have been useful.

When children were simply grouped according to presence
or absence of brain dysfunétion; based on clinical
interpretatiqn of neuropsychological test scores, responders
and nonresponders could not significantly be predicted from
each other. It was suggested ﬁhat this may be due to
subjects with equivocal evidence of brain'dysfunction, and
that would ‘they be classified as such, the subgroupings may

-

prove more productive. Suggestions regarding the defining of

response and learning difficulty were discussed.

R
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TEST BATTERY
(in order -of administration)

.Dynamometer Grip Strength (Dominant & Nondomiiiffi/dst trial

Finger Agnosia (Dominantwand Nondominant)

Tactile Forms (Dominént‘and Nondominant)

Dynamométer Grip Strength (Dominant & Nondominant) 2nd trial
Grooved Peéboard (Dominaﬁt and Nondominant)

Wechs;ef Intelligence Scale for Children Revised (WISC)
Holes Steadiness Test (Dominant and Nondominant) N
Pe;body‘Picture Vocabulary Test ’

Developmental Drawings Test

Finger Tapping (Dominant and Nondominant) ‘ .

Foot Tapping (Dominant and Nondominant)

Maze Coordination Test (Dominant and Nondominant)

~ Raven's Coloured Progressive Matrices

Category Test . \\
Y.
Tactual Performance Test (TPT)

L A N N N N N N N R R EE R R E

Conners' Parent Symptom Questionnaire (PSQ)

"Conners' Teacher Rating Scale (TRS)



CONNERS PARENT'S QUESTIONNAIRE 139

Nama of Child "ﬁ Date

Your Name - " Relationship

Instructions; Listed below are items concerning children’s behaviour or tha problems they sometimes have. Read each item
carefully and decide how much you think your child has bothered by this problem during the past month —
NOT AT ALL, JUST A LITTLE, FPRE MUCH or VERY MUCH
Inditate your choica by placing a check mark {v/) in the a propriate column 1 the right of eachitem,
13

\

ANSWER ALL ITEMS

Observation Not at All | Justalittle [ Pratty Much | Very much

PROBLEMS OF EATING . - . ]

1. Picky and finicky

2.  Will not eat enough

3.  CQverweight
PROBLEMS OF SLEEP .

4, Restless : \

5. Nightmares o~

6. Awakens at night y

7. n f

Cannot fall asleep Qﬁ!

FEAR AND WORRIES

8. Afraid of new situations

9. Afraid ot people

10.  Alraid of being alone

11.  Worries about illness and desth

MUSCULAR TENSION

12. - Gets stiff and rigid -

13.  Twitches, jerks, stc,

14.  Shakes

SPEECH PROBLEMS

15, Stuttering

16.  Hard to undarstand

WETTING

17.  Bed wetting

18.  Runs to bathroom constantly

BOWEL PROBLEMS

19. Soiling self v '

20.  Holds back bowel movements

COMPLAINS OF FOLLOWING SYMPTOMS EVEN THOUGH

DOCTOR CAN FIND NOTHING WRONG ? .
21, .Headaches

22. Siomach sches

23.  Vomiting

24.  Aches and pains

25, Lnou bowels

PROBLEMS OF SUCKING, CHEWING or PICKING

26.  Sucks thumb

27. Bites or picks nails

28.__ Chews on clothes, blankets, or others

29. Picks at things such as hair, clothing, etc.

CHILDISH OR IMMATURE

30. Does not act his age

J1.  Cries easily

32.  Wants help doing things ha should do alone

33. Clings to parents or other adults

34, Baby talk

TROUBLE WITH FEELINGS

35.  Keeps anger to himsa!f

36.  Lets himself get pushed around by othar chtldren

37. Unhappy : s

38. Carries a chip on his shoulder . -




ANSWER ALL ITEMS

¥ Observation Notat All |' Just atittle | Pretty much | Very much
OVER-ASSERTS HIMSELF ' i ' ‘
39, Bullying <‘
40, .--Bragging and boasting .
. |41,  Samy 1o grown-ups
/ © |PROBLEMS MAKING FRIENDS
42. Shy
43, Afraid they do not like him -
" {48, Faelings emsily hurt 7y
45. Hasno triends  / S .
PROBLEMS WITH BROTHERS AND SISTERS, — .
46. Feels cheated L * 3
2[47.  Mean ) T N
48, Fights constantly °
PROBLEMS KEEPING FRIENDS -
49, Disturbs other children
50, Wants to run things i
51, _Picks on other children L
L .
RESTLESS i ’
. 52, Restless or over active 1\
63, Excitable, impulsive . - - \
54, Fails to finish things he starts — short attention span \ »
TEMPER ‘ \ ! .
. £5. Temper outbursts, explosive and unpredictabie behaviour J
58. Throws himself around /
57, 1hrows and breaks things 1
58 Pouts and sulks /
— |SEX \
59, Plays with own sex organs \ |
60. Involved in sex play with others L
61. Modest about his body 1
. PROBLEMS IN SCHOOL b ]
62. Is not leatning
#163. Does not like to go o school
64, |3 atraid 10.90 to schoo!l
65. Daydreams .
68, Truancy
67. Will not obey schoo! rules
LYING )
68. Denies having done wrong =
69. Blames others for his mistakes
70. Tells stories which did not happen i !
STEALING
71. From parents =
72. Atschool .
73. From stores and other places L
FIRE-SETTING
74.  Sets fires
TROUBLE WITH POLICE
jnto le with 1j
Why?
PERFECTIONISM !
76. Everything must be just so
77. Things must be dooe same way every time J)]
78. Sets goais too high : i
ADDITIONAL PROBLEMS
79. Inattentive, easily distracted t
80. Constandy fidgeting .
W Cannat be left alone
iﬁ Always climbing !
[83. A very early riser -
{BA. Wil run sround between mouthfuls at meais 1 L

~

TRITES, OTTAWA
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85.

-D;mands must be met immediately — easily frustrated

86,

Cannot stand 100 much excitement

87,

Laces and zippers are always open

8s8.

Cries often and easily

89,

Unable to stop a repetitive aétivity . N

90.

Acts as if driven by a motor \

9.

Mood changes quickiy and drastically i

92

‘Poorly aware of surroundings or time of day

93.

Still cannot tig his shoelaces

v

sl
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Conners’' Teacher Rating Scale

1V. . Listed below are descriptive terms of behawour Place a check mark in the column which best describes this child.

ANSWER ALL ITEMS,

141

Degree of Activity
Observation Not at all [ Just alittle | Pretty much | Very much
CLASSROOM BEHAVIOUR .
1. Constantly fidgeting
2. Hums.and makes other odd noises
3.  Demands must be met immediately-easily frustrated
r 4.  Coordination poor d
= 5. Restless or overactive \
6.  Excitable, impulsive N
7. Inattentive, easily distracted .
8. Fails to finish things he starts-short sttention span
9.  QOverly sensitive
10.  Overly serious or sad
11.  Daydreams
12.  Sullen or sulky
13._ Cries often and easily
: 14. Disturbs other children
\'\ ® 15, Quarrelsome
- 16.  Mood changes quickly and drastically
Ay 17, Acts “smart”
~71_18, Destructive o~
19. Steals [ \
20.  Lies .
21.  Temper outbursts, explosive and unpredlctable behavigur
GROUP PARTICIPATION
22. Isolates himself from other chlldren\/f
23. ‘Appears 10 be unaccepted by group *
24.  Appears to be easily led
25. . No sense of fair play
26.  Appears to lack leadership
N 27.  Does not get along with opposite sex
28. Does not get along with same sex _
29. Teases other children or interferes with their activities
ATTITUDE TOWARD AUTHOR]TY N
30. Submissive i
31. Defiant d
32. Impudent Id
33. Shy A
34. Fearful . )
35. Excessive demands for teacher’s attention
36.  Stubborn )
37.—Qverly anxious 1o please
- 38.  Uncooperative
39. Amntendance problem
»
How would you rate this child's behavicur compared to other childrén-the same age?
much worse 0O worse O about the same O better O much better O
]
Do you think this child needs special help?
yes O no O _/BW> r/
- ) . i f’.: ! [ )
v—S_l_g’IELure “Y r/Tit!e Date Signed
el
.

TRITES, OTTAW,



I Anxiety

NI Impulsive — Hyperactive

EX

1427w,
TEST #

NAME ‘ . DATE

CONNERS PARENT SYMPTbM QUEST IPNNAIRE

Factor Title _ Items to be Summed

1_. Conduct Problem 30 40 4T 47 48 51 69

B 91011 42 64 43

iV Learning Problem

45 62 63 67
V  Psychosomatic 6521222324
VI  Perfectionism 16 77 78
Vil Antisocial NnN»nmn
VIl Muscular Tension 12 1314 36

Total Score

Tota! Possib.le 279

' CONNERS TEACHER SYMPTOM QUESTIONNAIRE

Factor Title  ltems to be Summed

| Conduct Problem 1215171818 20 21

“

30°25 31 32 36 38

4 7 B112426

11 Inattentive — Passive

11 Tension — Anxiety

IV Hyperactivity 1 2 b6 614-2
Total Score

Total Possible 111 _

NOTE thét these scores are subtracted from the sum,

mmm&%&ﬂm

<.

Tortal
Sum

Total
Sum

Total .
Possible ) %

21
21
24
12
15
9 ’ .
12

12

Total
Possible %

36

15

18

TRITES. OTT
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APPENDIX B ‘2&

PARENT (MOTHER) AND TEACHER RATING SCALE

SCORES AT TIME-OF INITIAL TESTING

“~N
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- Table B-1
PSQ AND TRS AT TIME OF INITIAL TESTING
Scale X 5.D. Range
PSQ
Conduct Problem 1,06 75 0 to 3.00
- N :
(\ Anxiety .68 .49 0 to 2.14
Impulsive-Hyperactive 1. 46 .64 0 to 2.88
Learning Problem .97 .57 0 to 2.50
Psychosomatic .44 T .44 0 to 1.60
s *  Perfectionism .66 .83 0 to 3.00
Antisocial _, .09 .20 0 to 1.00
™ ' Muscular Tension .41 ‘552 0 to 2.25
TOTAL .83 .35 .09 to 1.89
(TRS -
Conduct Problem .83 .68 0 to 2.17
Inat#nt ive-passive 1.71 .64 0 to 3.00
Tension~Anxiety .79 .57 0 to 2.61
Hyperactivity 2.03 .65 0 to 3.00
TOTAL > 1.19 .46 .15 to 2.00




APPENDIX C

.DEFINING RESPONSE:
COMPUTER PROGRAM
!. . TABLES OF NUMBER OF SUBJECTS, MEANS AND STANDARD

DEVIATIONS BEFORE AND AFTER REPLACING MISSING
VALUES WITH GROUP MEAN
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Defining Response

(BDP2 EQ 3 AND
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CPTOML EQ 999 CPTOMI=1.533

6 IF ° (BOP2 EQG 3 AND CPTCOIL EQ 999) CPTCOL=1.767
R o | “({BOP2 EQ 3 AND WFFERRI EQ 995) MFFERREI=I&.133

8 IF (BDF2 EC 3 AND MFFLATI EC $9G) MEFFLATLI=11.6€7

9 IF (3DP2 EQ 3 AND CUNMIMP1 EC 999) CONMIMP1=434000

10 [F (BDP2 EQ 3 AND CPTQM2 EG 9%9) CPTCM2= 1,966

11 IF (BDP2 EQ 3 AND CPTCO2 EQ 999) CPTCC2=1.517

12 IF (BDP2 EQ@ 3 AND MFFERR2 EGC 99%) MFFERR2=11.6€7

13 IF (BDF2 EQ 3 AND MFFLAT2 EC 999) MFFLAT2=12.000

14 IF (BOPZ2 EQ 3 AND CONMIMP2 EQ 995) _ CUNMIMP2=35.26%

18 IF = (BDP2 EQ 3 AND CPTOM3 EGC 999) CPTOM3=2,.167

16 IF (BOP2 EQ 3 AND CPTCO3 EC 999) CPTCO3=1.033

17 IF (BDP2 EQ 3 AND MFFERR3 EQ 999) MFFERR3=10.,033

18 IF {BD 2130467

19 IF . (BDP2 EQ 3 AND CONMINP3 EQ 999) CONMIMP3228.120

20 1IF (BDF2 EC 3 AND CPTOM4 EQ $9%) CPTOMA=2.414

.20 IF . .. $BDP2 EQ 3 AND CPTCO4  EQ 999) . CPTCOA= 1276

22 IF ‘ (BDP2 EQ 3 AND MFFERRa EQ 999) MFFERRa={1.,034

23 IF (BDP2 EQ 3 AND MFFLAT4 EQ 9$9) MFFLAT4=10e103

24 1IF (BDP2 EQ 3 AND CONMIMP4 EQ $59) COUNNIMF4=32,231

25 IF (BDPZ2 EQ 2 AND CPTOMI EC 999) CPTOMI=2.924

26 IF (BDF2 €EG 2 AND CPTCOL EC S99  CPTCUI=2.5818

27 IF (BDF2 EQ 2 AND MFFERRI1 EGC 999) MFFERR1=12.818

28 IF (BDP2 EC 2 AND MFFLATI1 £G $96) MFFLATI=11.924

29 IF (BOP2 EQ 2 AND CONMIMP1 EG 99G) CONMIMP 1247 . 754

30 IF , (BDP2 EQ 2 AND CPTOM2 EC 999) CPTUM2=2.,046

31 IF (BDP2 EQ 2 AND CPTCO2 EG 999) CPTCD2=1.,877

32 IF (BOP2 EQ 2 AND MFFLATZ EGC 9%9) MFFLAT2=11.985

33 IF (BDF2 EC 2 AND MFFERR2 EG_SS5) MFFERR2=10. 258

34 IF (BDP2 EQ 2 AND CONMIMPZ EG 999) CONM IMP2=35,393

35 IF (BDP2 EQ 2 AND CPTOM3 EQ 959) CPTOM3=2,274

36 IF . (BDF2 EQ 2 AND CPTCO3 £Q 96S) CPTCO3=1.403 '

37 IF {BDP2 EQ 2 AND MFFERR3 EQ 959) MFFERR3=9.667

38 IF (BOP2 EG 2 AND MFFLAT3 EG 95$) MFFLAT3=13.8%4

39 IF (BDF2 EQ 2 AND CONMIMP3 EQ $99) CONMIMP3=35.915

40 IF (8DF2 EQ 2 AND CPTOM4 EQ 99S5) CPTOM4=2,250

41_iF (BOFB2 EGC 2 AND CPTCO4 EQ 96%5) CPICO4=1.,297

42 IF (BDF2 EQ 2 AND MFFERR4 EQ 969) MFFERRAGZ7,207

43 IF (BDP2 EQ 2 AND MFFLAT4 EQ $S9) MFFLAT4=10.484

44 IF (80P2 EQ 2 AND CONMIMP4 EQ S$99) CONMIMPA4=28.509

45 IF (BDP2 EQ 2)CONMP3=(CONMIMP3) - (.1 * CCNMIMF3)

46 IF (BDP2 EQ 3)CONMP2=(CONMIMP2) — (o1 * CONMIMF2)

47 IF (BDP2 EQ 3)CONMF&4=(CCNMIMP4A) — (oL * CONMIMPA ) ‘

48 IF (BDP2 EQ 2)MIMPC={ CONMIMFZ * 1) -+ (CONMP3 * -2) +

49 (CCAMINMES * 1)

S0 1IF (BDF2 EQ 3)MIMPC={CONMPZ * ~1) + (CCNMIiNMP3 » 2J 7

51 (CONMP 4 * -1)

(MINPC LT 0 AND NE 999) RSPNFIMPX=1
(MIMPC GE O AND NE 999 )RSPN[MPX=0

CONMP3 TO RSPMIMPX(9%9) ~  +~ -

TEST1=CPTON1.CPTCC1,

-

55 00 REPEAT

S2,IF
_QG/IF ,
ASSIGN MISSING

56 MFFERR 1 +sCCNMIMP 1 +CONTHYP/
57 TEST2=CFTOM2,CPTCO2, :
SE MFFERR2 +CCAMIMP2 , CONTHYPZ/ -
59 TEST3=CPTOM3,CPTCO3,
60 MFFERR3 s CONMIMP3, CONTHYP3/
61 TEST4=CFTOM4,CPTCO4,
62 "MFFERR4 +CONMIMPA,CONTHYP4/
€3 CONTX=CFTCNC,CFTCOC, :
64 MFFERRC s CONMIMPC ,C ONTHYFC/
65 RESFX=CFTOMRxCPTCOR,
66 <~ MFFERRR y CONMIMPR, CONTHYFR/ '
67 IF ‘\\\\\#’/ (BDP2 EQ 2) CONTX=(TEST2%1) + (TEST3*-2) + (TEST4%1)
68 IF (BDF2 EQ 3)CONTX=(TEST2%-1) + (TEST3*2) + (TEST4a%—1) .
_6S IF (CONTX LT O AND NE 999)RESFx=1 -
70 IF . (CONTX GE 0 AND NE 9I9IRESP x=0 T

71 ASSIGN MISSING
72 END REFEAT

CONTX TC RESPX(999)
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73 1F {8DP2 - TCm{MF T12% + (MFFLAT3%— + FELATA*
T4 IF , {BDFP2 EQ 3) MFFLATC= (NFFLATZ%=1) + (MFFLAT3%2) + (MFFLATA %=
75 IF (MFFLATC GT 0 AND NE 996} NFFLATR=1

76 IF {MFFLATC LE O AND NE 999) MFFLATR=0

77 ASSIGN MISSING MFFLATC TO MFFLATR(99Y9)

78 DO REPEAT TESTI=CPTOMi.CPTCO1,

79 : MFFERRL s MFFLAT 1 o CONMIMP14,CCNTHYP/

B0 TEST2=CFTCM2,CPTCOZ, - N

81 MEFERR2y MFFLAT 2, CONMIMP2,CCATHYP2/ :

82 TEST3=CPTGN3+CFTCO3,

83 MFFERR 2+ MFFLAT3 +CONMIMP3,CChNTHYRP3/

B4 TESTA=CPTCM4,CPTCO4, , '

B5 o MFFERRA s MFFLAT4 »CONMIMP4 ,CCMTHYPA/ -

A6 DRUGX=CPTOMD+CPTCOD,

87 . MFFERRD s MFFLATLC s CONMIMPD,CCATHYRD/

as PLACX=CFTOMRP ,CPTCOP,

89 MFFERRP s MEFLATP sCONMIMPP.C CATHYER/

90 IF {BDF2 EC 2 AND NE 999) DRUCX=(TESTZ2#45) + (TESTAa%*.5)
91 IF (BDF2 EQ 3 AND NE .999) DRUGX=(TEST 3%1)

92 IF : {BOF2 EGC 2 AND NE 999)PLACX=(TEST3I*1) .
$3 IF (BDF2 EQ 3 AND NE 999)PLACX=(TEST2#%*.5) + {TEST&4*.5H)

94 ASSIGN MISSING DRUGX TC PLACX(999)
95 END REFEAT . '

1
LIRED 1046 PYTFS OF WORKSPACE,.
96 COMPUTE NUMT=CFTOMR + CPTCOR + MFFEFRRR + MFFLATR .
97 IF (NUMT GE 1 AND NE 999)RSP1=1
58 IF {NUMT LT 1 AND NE 999)RSP1I=0
Q9 IF {NUNT GE 2 AND NE 999)RSP2=1 . ,
100 IF {NUMT 1T 2 AND NE 999)RSPZ=(
101 IF i (NUMT GE 3 AND NE 999} RSP3=1
102 IF (NUMT LT 3 AND NE 999)RSP3=(
103 1IF (NUMT GE 4 AND NE 999)RSP4=1
104 IF (NUMT LT 4 AND NE 999)RSP4=C _
105 IF {RSFMIMPX EQ 1 AND RSP1 EC 1} BEHATT1=1
IF (RSEMIMPX EG 0 OR RSP1 EQ 0) BEHATT1=0
IF (RSPMIMPX EG 1 AND RSP2 EQ 1) BEHATT2=1
IE {(RSPMIMEX FQ 0 OR RSP2 FO 0} BEHATT2=0
IF (RSFMIMPX EQ L AND RSP3 EQ 1) EEHMATT3=1
IF | (RSFMIMPX EQ 0 OR RSP3 EQ 0) BEHATTI=0
IF (RSFMIMPX EQ i AND RSP& EQ 1) BEHATT4=1
if (RSFMIMPX EQ 0 Ok RSP4 EQ Q) BEHATT4=0 ) C
ASSIGN MISSING NUMT TC BEHATT4(999)
IF (CONTHYP EQ 999) CONTHYF=HYFER :
COMPUTE CONTHYDR = 0
IF . (BDP2 EQ 2 AND CONTHYPZ NE $99 AND CONTHYP¢ NE 999)
. _CUNTHYDR = ‘ o )
. i (CONTHYP2 #.5) + (CONTHYPA 3 .5) '
IF (BOF2 EQ 2 AND CONTHYP2 EQ S99 )CONTHYOR= CDNTHYP4
IF {BDP2 EQ 2 AND CONTHYP4 EQ $99)CONTHYDR=CONTHYF2
IF {BCF2 EQ 3)CONTHYOR=CONTHYF =
MISSING VALUES CONTAYDHRI(999)
COMPUTE CONTHYFL = O
IF (BOP2 EQ 3 AND CONTHYPZ2 NE SS9 AND CONTHYP4 NE 999)
CONTHYPL= (CONTHYP2 %*.5) + (CONTHYPS4 % 45) .
IF {BDP2 EQ 3 AND CONTHYP2 EQ S$S9)CONThYPL=CONTHYF4
IF (B0P2 EC 3 AND CUNTHYPA4 EQ S99 )CONTHRYRPL=CONTHYPZ2
1F (BDP2 EQ Z2)CONTHYPL=CONTHYF 3 .

MESSING VALUES CONTHYPL(999)

COMFUTE - TRSFLIO= CONTHYFL — {1 ¥ CCNTHYPL)
COMPUTE TRSC= CCNTHYDR - TRSPL1OQ
IF {TRSC LT 0O AND- NE 999) RSPTFrYPX =

1
. ( TRSC GE_O0 AND NE 999) RSPTFYPX = 0
ASSIGN MISSING TRSPLIO TO RSPTHYPX(999) '

IF (BDLD EC 1)BD=1
iF . {BDOLD EG 2)BD=1
IF (B8DLD EQ 3)BL=0
IF {BCLD EQ 4)BL=0
IF (BOXD ECG 1)LD=1
IF -{BDLD EQ 2)LD=0
} IF o (BDLD EG 3)LD=1
IF {BOLD EQ 4)LD=0

&u&—comﬂmmbwm—oomﬂompumnoomyo Ben-~COD~NO

ﬂillll.fi-‘l—b-l’dl-'p—l-ll-fl-ir-lv-l‘lﬂo——h“r—ﬁ'—nh‘wl—'ﬂ,"‘&l‘ Pl D g gt e et e et ot
PERLPUWWMWWWWUWWWWNNNRNNNRDNRRN e w0 D0 O

ASSIGN MISSING BDO TO LD(999)
SAVE FILE CONFLETESFILE
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Table C-1

NWMBER OF SUBJECTS, MEANS AND STANDARD DEVIATIONS,

MISSING VALUES EXCLUDED
PRUG-PLACEBO-LRUG GROUP (N=66)

Variable Baseline Drug Placebo Drug
CPT Cmissions N=66 X= 2.9 N=65. X= 2.0 N=62 X= 2.3 N=64 ‘X= 2.3
| SD= 4.1 SD= 2.5 SD= 3.6 SD= 3.5
CPT Commissions N=66 X= 2.8 N=65 X= 1.9 N=62 -X= 1.4 N=64 ' X= 1.3
; SD= 3.8 SD= 2.6 SD= 1.6 SD= 2.7
MFF Errors N=66 X=12.8 N=66 X=10.3 N=66 X= 9.7 N=64 X= 7.3
- SD= 6.6 SD= 6.9 = SD= 6.6 SD= 6.1

’ ’
. MFF Latency N=66 X=11.9 N=66 X=12.0 N=66 X=13.9 N=64 X=10.5
- SD= 5.8 SD= 5.0 SD=17.9 SD= 5.1
PSQ Hyperactivity N=61 X= 1.43 N=61 X= 1.06 N=59 X= 1.08 N=55 X= .86
' SD= .62 SD= .54 SD= .63 SD= .53

Table C-2

MEANS AND STANDARD DEVIATIONS

MISSING VALUES REPLACED BY GROUP MEAN
IRUG-PLACEBO-DRUG (N=66) _

N=66
. "Variable Baseline ' Drug - Placebo Drug
—€PT Omissions X= 2.9 = 2.0 X= 2.3 = 2.3
Q\ SD= 4.1 SD= 2,5 SD= 3.5 SD= 3.4
CPT Commissions X= 2.8 = 1.9 X= 1.4 = 1.3
‘ Sb= 3.8 SD= 2.6 SD= 1.5 SD= 2,7 |
MFF Errors X=12.8 X=10.3 X= 9,7 = 7.3
SD= 6.6 SD= 6.9 2:SD= 6.6 SD= 6.0
MFF Latency X=11.9 X=12.0 X=13.9 X=10.5
, SD= 5.8 ~ SD= 5.0 SD=17.9 SD= 5.0
PSQ Hyperactivity  X= 1.43 X= 1.06 X= 1.08 = .86
‘ 52 SD= .59 SD= .48

SD= .60 SD= .
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Table C-3
NIMBER OF SUBJECTS, MEANS AND STANDARD DEVIATIONS,
| MISSING VALUES EXCLUDED
\ PLACEBO-DRUG-PIACERO GROUP (N=30)
Variable ) | Baseline Placebo Drug Placebo
CPT Omissions N=30 X= 1.5 N=29 X= 2.0 N=30 X= 2.2 N=29 X= 2.4
SD= 1.7 SD= 2.2 SD= 2.9 SD= 3.3
CPT Camnissions @ N=30 X= 1.8 N=29 X= 1.5 N=30 X= 1.0 N=29 X= 1.3
SD= 3.4 SD= 3.4 SD= 1.2 SD= 1.5
'MFF Errors N=30 X=14.1 N=30 X=11.7 N=30 X=10.0 N=29 X=11.0
a ’ SE# 6-6 - SD= 6.4 Sl} 7-4 SD= 6-5
'MFF Latency N=30 X=11.7 N=30 X=12.0 N=30 X=13.5 N=29 X=10.1
| SD= 5.0 SD=12.5 Sp=17.8 SD= 4.6
PSQ Hyperactivity N=28 X= 1.29 N=26 X= 1.06 N=25 X= .84 N=26 X= .97
. SD= .68 SD= .65 SD= .69 SD= .75 % .~
Table C-4
— MEANS AND STANDARD DEVIATIONS ’

MISSING VALUES REPLACED BY GROUP MEAN
. PLACEBO-IRUG-PLACEBQ. (N=30)

N=30
Variable Baseline Placebo Drug Placebo
CPT Omissions X= 1.5 X= 2.0 = 2.2 = 2.4
' SD= 1.7 SD= 2.2 SD= 3.0 SD= 3.3

CPT Camissions = 1.8 X= 1.5 X= 1.0 = 1.3
' . SD=3.4 Sb= 3.3 SD= 1.2 SD= 1.5

MFF Errors X=14.1 X=11.7 X=10.0 X=11.0
SD= 6.6 SD= 6.4 SD= 7.4 SD= 6.4

MFF Latency X=11.7 . X=12.0 X=13.5 X=10.1
SD= 5.0 SD=12.5 - SP=17.8 SD= 4.5

PSQ Hyperactivity  X= 1.29 X= 1.06 X= .84 = .97
SD= .66 SD= .60 SD= .63 SD= .69

™~
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NUMBER OF SUBJECTS, MEANS AND STANDARD DEVIATIONS,

MISSING VALUES EXCLUDED

DRUG VS. PLACEBO ALL SUBJECTS (N=96)

Variable _ Baseline Placebo
CPT Omissions v -N=96 X= 2.5 N=90 X= 2.3
- SD= 3.6 SD= 3.3
CPT Commissions N=96 X= 2.5 N=90 X=J1.4
' L SD= 3.7 SD= 1.8
MFF Errors N=96 X=13.2 N=95 X=10,2
SD= 6,2 Sb= 6.1
MFF Latency N=96 X=11.8 N=95 X=13.0
. SD= 5.5 SD=15. 4
P5Q Hyperactivity N=89 X= 1.39 N=84 = 1.06
| SD= .64 SD= .64
B Table C-6
., MEANS .AND STANDARD DEVIATIONS
MISSING VALUES REPLACED BY GROUP MEAN
- DRUG VS. PLACEBO ALL SUBJECTS (N=96 )
Variable . Baseline Placebo
CPT Omissigns X= 2.5 X= 2.2
CPT Commissions .- X= 2.5 X= 1.4
v SD= 3.7 SD= 1.8
MFF Errors X=13.2 X=10.2
SD= 6.6 SD= 6.1
MFF Latency X=11.8 X=13.0
. SD= 5.5 SD=15.3
PSQ Hyperactivity  X= 1.1gj' X= 1.06
‘ SD= .62




APPENDIX D

PEARSON PRODUCT MOMENT CORRELATION OF

NEUROPSYCHOLOGICAL TEST VARIABLES

FACTOR ANALYSES OF THE NEUROPSYCHOLOGICAL TEST VARIABLES
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Table D-1
ORIGINAL DATA GROUPED FOR PEARSON CORRELATION

. -
-

1. General Cognitive and Intellectual Tests

_WISC Verbal IQ (ﬁISCVIQ)

WISC Performance IQ (WISCPIQ)

Peabody IQ (PEABIQ) i

Raven's Matrices T-Score (MATRST)
Developmental Drawings T-Score (DEVDRAWT)
TPT Total Time T—Sciore {TPTOTT)

TPT Location of Blocks T-Score (TPTLOCT)
TPT Memory T-Score (TPTMEMT)

Category Test Errors T-Score (CATOTT)

r

2. Motor Tests

Finger Tapping Dominant Speed T-Score (FINTAPDT)

' Finger Tapping Nondominant Speed T-Sqore (FINTAPNT)

Foot Tapping Dominant Speed T-Score (FOOTAPDT)

Foot Tapping Nondominant. Speed T-Score (FOOTAPNT)

Maze Coordination Test Dominant Total Time T-Score (MAZEDTTT)

Maze Cobrdination Test Nondominant Total Time T-Score
(MAZENTTT) . B

Maze Coordination Test bominant Counter Time T-Score

(MAZEDCTQ_,{



NN

2 R . ‘ o ya

‘Maze Coordination Test ﬁondominant Coqnfer Time T—Séore

(MAZENCT) ' |
Holes Steadipess Dominant Total Time T-Score (STEADDTT)
Holes Steadiness Nondominant Tbtai Time T-Score {STEADNTT)
Holes Steadinéss Dominant Counter Time T-Score (STEADDCT)
Holes Steadiness Nondominant Counter Time T-Score (STEADNCT)
Grooved'Pégboard Dominant T%tal-Time T-Score (PEGDT)
Grooved Pegboard Nondominant‘Total Time T-Score (PEGNT)
Dynamomeéer Grip Strength Dominant T—Score (LDOMDXDM)

~ Dynamometer Grip Strength Nondomlnant T-Scorle (LDOMDYNM)
. ' %

3. ~Sensory Tests . : -1 ' i

Tactile Fofms Doﬁinant Total Time T;Score (TACTFDT)
Tactile Forms Nondominant Total Time T-Score (TACTFNT)
Tactile Forms Domlnant Error T-Score (TACTFDET)
Tactile Forms Nondomlnan; Error T~-Score (TACTFNET)
Flnger Agn051a Deominant T—Score (FINGAGDT)

Flnger Agnosia Nondom1nant T-Score (FINGAGNT)

~ I

o
.
~
e —

-
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Table D4

PEARSON CORRELATION
SENSCRY TESTS .

156 -

TACTFDTX TACTENT

TACTFDET TACTFNET FINGAGDT FINGAGNT

TACTFDT 1.0000
TACTFNT  .5480  1.0000 A
*ik T .-
TACTFDET  .4094 .0840  1.0000
*hk .
TACTFNET  .0158 ~ .0602  .3814  1.0000
KRk
FINGAGDT .0477 .1461 = -.0083 .1282 1.0000
FINGAQIT .1088  .1263  .0829  .2139 .5122  1.0000
* *kk
.
*p 5.05
**% o < ,001
A
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Table D-5

GENERAL COGNITIVE AND INTELLECTUAL TESTS
ASSESSMENT VARIABLES GROUPED FOR FACTOR ANALYSIS

WISC Verbal .IQ

WISC Performance I1Q

Peabody IQ -

Raven's Matrices T-Score

Devélopmental Drawings T-Score : l
TaqtualﬁPerformance Test (fPT) Potal Time T—Scbre

Tactual Performance Test (TPT) Location of Blocks T-Score
Tactual Performance Test-(TPT) Memory T-Score

Category Test Errors T-Score _ 3 -

<,
Table D-6

EIGENVALUES AND PERCENT OF VARIANCE'ACCOUNTED FOR BY THE
) TWO GENERAL COGNITIVE AND INTELLECTUAL TEST FACTORS

~

Factor ‘ Eigenvalue -’ Percent of Variance
1. Performance Abilities 3.337 37.4
2, Verbal Abilities 1.419 15.8 b
' 53.2

e



Table D-7
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GENERAL COGNITIVE AND INTELLECTUAL TESTS
VARIMAX ROTATED FACTOR MATRIX

Variable Factor 1 Factor 2
WISC Verbal I.0Q. .21201 77212
WISC Performance I.Q. .60537 .22325
Peabody I.0Q. ‘ 03524 .76314
Raven‘s'Matrices T;Score .51627 .31554
Developmental Drawihg T=-Score 328030 .29080
fPT Total Time T-Score’ ~.57684 .06596
TPT Location T-Score .68754 ..09553
TPT Memory T-Score .64815 .24019
Category Test Errors T-Score = 47828 -.22918

t
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Table D-8

MOTOR TESTS : :
ASSESSMENT VARIABLES GROUPED FOR FACTOR ANALYSI

Finger Tapping Dominant Speed T-Score

Finger Tapping Nondominant Speed T-Score

Foot Tapﬁing Dominant Speed T-Score

Maze Coordination Dominant Total Time T—Scoré
Maze Coordination Nondominant Total Time T-Score
Holes Steadinéss Dominant Total Time T~Score
Holes Steadiness Nondominant Total Time T-Score .
Grogded Pegboard Dominant Total Time T-Score
Groovéd Pegboard Nondominant Total Time T-Score

Dynamometer GEip ‘Strength Dominant T-Score




160

Table D-9

EIGENVALUES AND PERCENT OF VARIANCE ACCOUﬁTED FOR BY
THE THREE MOTOR TEST FACTORS

i

Factor N ' Eigenvalues Percent:é;‘Variahce

=l
wr

1. Motor épeed and

Strength 2.848 28.5
2.ngtor Steadiness 1.672 . 16.7
3. Motor Coordination Co -

and Dexterity : 1.584 ~15.8

61.0
Table D-10

MOTOR TESTS
VARIMAX ROTATED FACTOR MATRIX

- Variable (T-Seore) o Factor } Factor 2 Factor 3
Finger Tapping Dominant .68957 -.,00940° -,09291
Finger Tapping Nondominant .92408 .05795  -.09141
Eoot Tapping Dominant +33611 -.22154 -.06945
Maze Coordination Dominant

Total Time - -.08200 . .19884 .66939
Maze Coordination Nondominant

Total Time -.16667  .19397  .84641
Holes Steadiness Dominant

Total Time -.08148 .99398 .05358
Holes Steadiness Nondominant '

Total Time -.12452 .72212  ©,10280
Grooved Pegboard Dominant ".

Total Time -~.02284 .03218 .44410
Grooved Pegboard Nondominant '

Total Time +-.15203  -,14665  .41193

Dynamometer Dominant .40110 -.14165 -.11795

e — . - T e T d
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Table D-11

SENSORY TESTS E
ASSESSMENT VARTABLES ‘GROUPED FOR FACTOR ANALYSIS
O

Tactile Forms Dominant Total Time T-Score

s Tactile Forms.Nondominant Total Time T-Score
Taé%ile Forﬁs Dominant Errors T-Score
Tactile Forms Nondominant Errors T-Score

Finger Agnosia Dominant T-Score’

Finger Agnosia Ng;g;ﬁﬁnant T-Score \\\

\.f\‘ N

T T e e e e A ety s U
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< Table D-12

EIGENVALUES AND PERCENT OF VARIANCE ACCOUNTED FOR
BY THE THREE SENSORY TEST FACTORS

Factor ‘ Eigenvalues Percent of Variance
1. Form Perception Time L. 958 32.6
4 ¥
-
2. Finger Agnosia 71,418 . 23.6
3, Form Perception Errors  l.206° 20,1
Table D-13

SENSORY TESTS
VARIMAX ROTATED FACTOR MATRIX

Variable {T-Score) Factor ﬁ Factor 2 Factor 3‘

Tactile Forms Dominant Total

Time .97849 -.03298 .19562
Taétile Forms Nondominant Time

Total Time . 54541 .15186 --01411
Tactile Forms Dominant Errors .23124 —.0875? .83989
Tactile Fbrms Nondominant |

Errors -.04458 .18796 .45850-
Finger Aénosia Dominant .07093 .71371, -.01908
Finger Agnosia Nondominanth - .09377 .74241 .19109

>



APPENDIX E

RESPONSE DEFINED BY MFF ERRORS, RSP2 AND RSP3:

DRUG AND PLACERO SCORES ON DEPENDENT VARIABLES

FOR RESPONDERS AND NONRES PONDERS

UNIVARIATElt—TESTS OF DIFFERENCES BETWEEN ' RESPONDERS

" AND NONRESPONDERS ON PSQ AND fRS HYPERACTIVITY SCALES

AND ON BASELINE MEASURES OF ATTENTION
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Table E-1
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RESPONDERS AND NONRESPONDERS AS DEFINED BY
MFF ERRORS, RSP2, AND RSP3

Drug and Placebo Scores on: the Dependent Variables
(Means and Standard Deviations)*

Nonresponders

Responders

Variable N Drug Placebo N Drug Placebo
MFF Errors
CPT 38 2.0 1.7 58 2.2 2.6
Omissions (3.0) {2.3) (2.3) (3.7)
Commissions (1.5) {(2.4) (1.9)- (1.3)
MFF 38 1ll.6 8.2 58 7.5 11.5
Errors (7.0) (6.0) {(5.1) (5.8)
MFF 38 13.6 13.9 58 10.8 12.4
Latency (lG.Q) {21.7) (4.2) (9.2)
PSQ Hyper—- 38 .9 1.1 58 .9 1.0
activity {.5) (.7) {.5) (.6)
activity (.7) (<87 (.7) (.8)
| RsP2
CPpT 38 2.3 1.1 58 2.1 3.0
CPT 8 L.2 .7 58 1.5 1.9
Cocmmissions (1.3) {.8) (2.0) (2.1)
MFF . 38 8.4 7.3 58 9.7 12.1
Errors (6.4) (5.7) (6.1) (5.6}
MFF 38° 11.3 15.7 58  12.3 "11.3
Latency (5.5) (21.5) (12.9) {(9.2)
PSQ Hyper— 38 .8 .9 58 1.0 - 1.1°
activity (.Q) , («86) {.5) {(.6)
) 4

TRS Hyper- 26 .3 .5 . 41 .2 1.3

activity
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o Nonresponders ‘Responders
Variable N - Drug Placebo . N Drug Placebo
7 ) RSP3 .
CPT 69 2.3 1.5 27 1.7 4.2
Omissions . (2.8) (1.9) {1.9) {4.8)
CPI .69 1.5 1.3 27 1.2 1.7
Commissions {1.8) (1.9) (1.6) (1. 3)
MFF 69 8.8 9.3 27 10.0  12.5
Errors (6.4) ~ (5.8) {(5.7) {(6.2)
MFF 69 12.6  13.8 27 10.3  10.9
Latency (12.3) (17.5) (3.6) {(7.0)
PSQ Hyper- 69 .9 1.0 27 1.0 1.2
activity (.7) {(.9) . (.7)

*

The standard deviations appear in brackets ().
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H
]
P
¥
/ N 1
UNIVARIATE t-TESTS OF DIFFERENCES BETWEEN
RESPONDERS AND NONRESEONDERS CN . PSQ
AND TRS HYPERACTIVITY SCALES AT BASELINE
§
Mean (X)
Response Non~-
Defined by Scale Ibqunder\s Responders t p
MFF Errors  PSQ Hyperactivity 1.47 1.36 .83 .409
TRS Hyperactivity = 2.18 1.83 2.15 .035*
« RSP2 PSQ Hyperactivity 1,36 1.4 ~.51 .608
TRS Hyperactivity 2.15 1.86 1.76 .083 .
. '. / S
L/ RSP3 PSQ Hyperactivity 1.41 1.40 .06 .955
TRS Hyperactivity  2.07 . + 1.79( 1.59 115 .
*p <.05 o
.
b
hS
L

"‘.p"-\



- Table E-3

. e

UNIVARIATE t-TESTS OF DIFFERENCES BETWEEN

RESPONDERS ‘AND NONRESEONDERS ON BASELINE
o MEASURES OF ATTENTICN

Response
Defined by

-

M;ean {X)

Non-~ .
Test . Responders Responders

+ MFE Errors

'CPT Qmissions 2.0 2.8

CPI"Oarmissions T3.1 2.1

L3

-1.18
1.12

. 242
+269

“ i

.
RSP3
*p.<.05
** p <0
Nf

~ .

MEF. latency . 13.3 10.9 1.99 .052

MFF Errors 123 7 139 -L14 .257

CPT Qmissions 2.7 2.4 .34 .734

CPT Commissions 2.3 2.6 - .32 .752

MFF Latency . 13.3 . .10.9 1.9 ,057 -

MFF Errors "11.6 143 -2.05:.043*

Do Cig . . 2 .. - .
'CPT Omissions 2.9 1.3 2.62 010

CPT Cammissions 26 21 .57 .57

» : : Lo 1
MFF Latency 12.4 103 -*1.69 .094
MPFErrors | 124 0 "15.3 o7 Lo52

o . o ot T .
jo 2 N
) 2 N - _ : v
* > ; B : o
- LR : - ’ L o
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