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Food and Drug Administration
8757 Georgia Avenve

bel 12 1955 Silver Spring MD 20810
Clinical Diagnostics, Inc. D.C. Number : KB854903
ATTN: Bruce G. Meyer, Jr. Received . 12-9-85
300 E. Minéral Avenue, #6 Product . Gordon Diagnostic System

Littleton, CO 80122 GDS Data Analysis Program

The Premarket Notification you have submitted as required under Section
510{k) of the Federal Food, Drug and Cosmetic Act for the above referenced
device has been received and assigned a unique document control number
(D.C. Number above). Please cite this D.C. Number in any future
correspondence that relates to this submission.

We will notify you when the processing of this submission has been
completed or if any additional information is required. You are required
to wait ninety (90) days after the received date shown above or until
receipt of a "substantially equivalent" letter before placing the product
into commercial distribution. I suggest that you contact us if you have
not been notified in writing at the end of this ninety {90) day period
before you begin marketing your device. Written questions concerning the
status of your submission should be sent to:

Food and Drug Administration

Center for Devices and
Radiological Health

Office of Device Evaluation

Document Mail Center (HFZ-401)

8757 Georgia Avenue

Silver Spring, Maryland 20910

If you have procedural &
Small Manufacturers As:
me at (301) 427-8162,

policy questions, please contact the Division of
Ance at their toll-free number {800) ©638-2041 or

Sincerely s,
R\ Q
Robett.I. Chissler

Premarket Notification Coordinator
Office of Device Evaluation

Center for Devices and
. Radiological Health

T N e - - - 2‘-\ \
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Food and Drug Administration
B757 Georgia Avenue

JUWN 2 g5 Silver Spring MD 20910
Clinical Diagnostics, Inc. Re: KB854903B
Attn: Bruce Meyer Gordon Diagnostic System Model 1
100 E. Mineral Avenue, #6 Dated: April 30, 1986
Littleton, Colorado 80122 Received: May 1, 1986

Dear Mr. Meyer:

We have reviewed your Sectien s16(k) notification of inteat to market the zbove device sad we have
determined the device to be substantially equivalent to devicss zarketed in interstate commerce prior to
¥ay 28, 197¢, the enactment date of the Medical Device emencnants. You may, therefore, market your device
cubject to the ceneral controls provisions of the Feceral Fzod, Drug, and Cosmetic Act (Aet) until such
time as your device has been classified under Sectien 513, At that time, if your device is piassified
into either class 11 {Perfermance Standards) or class 111 (Premarket ppproval), it would be subject to
scditional controls, Pless® noted This action does not affect any shiieation you might have under tha

Radiatisn Control for hezlth and Safety Act of 1958, or other Federal Laws oT recylatiens.

General centrols presently include requlations on zraual registration, listing of Ccevices, good
A manufactering practice, labeling, and the mishbranding and adulteration previcions of the 4ct. In the
- future, the scepe of general controls may be broadened to include additional regulations.

All raculztione znd information on meetings of the davice advisory committees, their recormencetions, and
the final cecisiens of the Food and Drug Adninistration (FDA) will be publiched in the Federal Recister,
We sugcest you subscribe to this publication o you Can cenvey your views to FPA if you desire znd be
notified of any additional requiremets imposed on your device. Subscripticns may be phtained from the
Superinteadent of Cocuments, U.S, Government Printing Office, Washington, D.C. 29402, gych ipfermation
also may be reviswed in the Dockets Management Branch (HFA-305), Food and Drug Adninistration, Room 4-62,
5600 Fishers Lane, Rockville, Maryland 20857, :

This letter foes not in =zny way denote official FDA approval of your dsuice or its lebeling. Fny
representztion that creates an impression of official spproval of this device beeause of compliznce with
the premarkat notification reculations is mislezding end constitutes michranding, If you desire zdeice on
the lahelizc for your device or ather information on your responsidilities gnder the Act, please contact

the Dffice of Compliznce, Division of Compliance {perations (HFZ-226), 8757 Georgia Avenue, Silver Spring,
Maryland 20210,

Bincerely youre,

77’

Georae €. Murray, Ph.D.
Director
‘Divicion of Anesthesielogy, Neerology,
‘. and Radiclogy Devices
Center for Devices and Radiological
Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Druyg Administration
Canter for Devices and
Radiological Health

2757 Georgia Avenus

Silver Spring, MD 20310

APRIL 30, 1986

CLINICAL DIAGNOSTICS, INC. Ref : K854903

ATTN: BRUCE MEYER - Product : GORDON DIAGNOSTIC
300 E. MINERAL AVENUE, #6 SYSTEM GDS DATA
LITTLETON, CO 80122 ANALYSIS PROGRAM

We are holding your above-referenced Premarket Notification (510(k)) for 30
days pending receipt of the additional information that was requested by
the Office of Device Evaluation. This information should be submitted in
duplicate to:

Food and Drug Administration

Center for Devices and
Radiological Health

Document Mail Center (HFZ-401)

8757 Georgia Avenue

Silver Spring, Maryland 209310

When your additional information is received by the Office of Device
Evaluation the 90-day period will begin again.

1f after 30 days the requested information is not received, we will stop
reviewing your submission. pursuant to 21 CFR 20.29, a copy of your 510(k)
submission will remain in the Office of Device Evaluation. If you

then wish to resubmit this 510{(k) notification, a new number will be
assigned and the 90-day time period will begin again.

I1f you have procedural or policy quesgions, pleac: contact the Division of

small Manufacturers Assistance at their toll-free number (800) 6368-2041 or
me at (301) 427-8162

Sincerely yours,

Robert I. Chissler

Premarket Notification Coordinator

Office of Device Evaluation

center for Devices and
Radiological Health

| 225
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DRPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Admimiztration
Center for Devices and
Radivlogical Health

£757 Georglia Avenue

gilver Spring, WD 20910

FEBRUARY 10, 1986

CLINICAL DIAGNOSTICS, INC. Ref : KB854903

ATTN: BRUCE MEYER ° Product : GORDON DIAGNOSTIC
300 E. MINERAL AVENUE, #6 SYSTEM GDS DATA
LITTLETON, CO 80122 ANALYSIS PROGRAM

We are holding your above-referenced premarket Notification (510(k)) for 30
days pending receipt of the additional information that was requested by
the Office of Device Evaluation. This information should be submitted in
duplicate to:

Focd and Drug Administration

Center for Devices and
Radiological Health

Document Mail Center (BFZ-401)

8757 Georgia Avenue

Silver Spring, Maryland 20510

When your additional information is received by the Office of Device
Evaluation the 90-day period will begin again.

If after 30 days the requested information is not received, we will stop
reviewing your submission. Pursuant to 21 CPR 20.29, a copy of your 510(k)
submission will remain in the Office of Device Evaluation. If you

then wish to resubmit this 510(k) notification, a new number will be
assigned and the 90-day time period will begin again.

i1f you have procedural or policy questions, please contact the Division of

small Manufacturers Assistance at their toll-free number (800) 638-2041 or
me at (301) 427-8162

Sincerely yours,

Robert I. Chissler

Premarket Notification Coordinator

Office of Device Evaluation

Center for Devices and
Radiological Health

233
Questions? Contact EDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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. s - Food and Drug Administration

8757 Georgia Avenue

JWN 2 1994 Silver Spring MD 20910
Clinical Diagnostics, Inc. Re: K854903B
Attn: Bruce Meyer Gordon Diagnostic System Model 1
300 E. Mineral Avenue, #6 Dated: April 30, 1986
Littleton, Colorado 80122 Received: May 1, 1986

Dear Mr. Meyer:

_ We have reviewed your Section T10(k) notification of intent to market the zbove device and we have
determined the device to be substantially equivalent to devices marketed in interstate commerce prier to
- May 28, 1976, the enzotment date of the Medical Device 4mendments. You may, therefore, market your device
© subject to the general controlz provisions of the Federal Feod, Drug, and Cosmetic Act (Act) until cuch
time as your cevice has been classified under Section 513, At that time, if your device is classified
into either class I1 (Performance Standards) or class 11l (Premarket Approval), it would be subject to
additional controls. Plezce note:r This action doez not affect any obligation you might have under tha
Radiation Centrol for Health and Safety Act of 1968, or other Federal Laws or regulatioens.

General controls presently include regqulations on amnual registration, listing of devices, good
manufacturing prazctice, labeling, and the misbranding and adulteration provisions of the Act. In the
. future, the scope of general centrols may be broadened to include additional regulations.

All raqulations and information on meetings of the device advisory committees, their recommendations, and
the final decisions of the Food and Drug Administration (FD4) will be published in the Federal Reaister,
Me suggest you subscribe to this publication so you can convey your wiews to FDA if you desire and be
notified of 2ny additional requirements imposed on your device. Subscriptions may be obtained from the
Superintendent of Decuments, U.S. Government Printing Office, Washington, D.C. 20402, Such information
alzo may be revizwed in the Dockets Management Branch (HFA'QUS) Food and Drug Adninistration, Roum 4-62,
3600 Fishers Lzne, Reckville, Maryland 20857.

This letter does not in any way denote official FDA approval of wour device or its labeling. Any
Tepresentation that creates an impression of official approval of this device because of coempliznce with
the premarket notification reculstions is misleading and constitutes micbranding. If you desire acvice on
the lsbeling for your dewice or other information on your tesponsibilities under the Act, plesse contact

the Office of Compliance, Divicion of Compliance Operations (HFZ-220), 8757 Georgia Avenue, Silver Spring,
Maryland 20810,

Sincerely youre,

ey e
Georqe C, Murrav, Ph.D,
Director
Division of Anesthesieloay, Neurcloay,
‘ and Radiology Devices
Center for Devices and Radielogical
7 Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Memorandumn:
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From

Subject

To

e’ W g FA Y
Lt e S S4V Sl L

EWER(S) - NAME(S) QQ//ZMM

£10(k) NOTIFICATION - }4\ 3 S L/ q O SIZB___

THE RECORD

It is my recommendation that the subject 510(k) Notification:

\/(A) Is substantially equivalent to marketed devices.

(B) Requires premarket approval. NOT substantially
equivalent to marketed devices.

e ———

A Y

(C) Requires more data.

e ———————

(D) 1Is an incomplete submission. (See Submission Sheet).

2dditional Comments:

AR v MRTRRD o et e S bt ~Ei"-f v a3 T el A e n s SO
The submitter requests: - Class Code w/Panel:
/No Confidentiality g4 L@p
. . o ATTENTION TAS,
. Confidentiality for 90 days AN Yo ?L_Cﬁ‘gpﬁg
Continued ] exceeding 90 days
REVIEW: é 2 /é ﬁ/ 4
/(DATE)
FINAL REVIEW: / ' ' 5/ %/ A
- IVISIGNZMRECICRX 7 (EATE)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Review

5490
Company Name Ci/ticg. ?/45,/95 ncg*‘g_zj/@ K3 ¢7 3’2
Device Name_Goepon) Dacaesric Srsrcm Mopee 1

1.
2.
3.

5.

6.

YES NO
-Life-supporting or life-sustaining? v
Implant (short-term or long-term)? v

Similar preenactment device(s):  Cea/rrali) > P&(Faézzﬂcé 7%57’ /?05/042/

7 Z Z?‘U’M {device name, mgnuf;ctureﬂ

~ M/MM o e
= %@/ %”m Wi T 5106

If appropriate: provides comparative in vitro data:
provides a summary of animal testing?
provides a summary of clinical testing? 7 Y.

I believe this is equivalent to device(s): # _22Zne-
Classification should be based aon:

Subseetion M'VCL&SS‘/P?EP i
n m

I believe this is not equivalent to any preenactment device.

g
py

I believe-'clinical testing is required before a determination
can be made.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

I
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Date

Subject

Summary
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MEMORANDUM OF TELEPHONE CONVERSATION

: Mth’a’é Céﬁ—f[@
Ceeatene. | D pswos rics

B23) 775-0k35

Chief, Neurological Devices Branch, HFZ-430
0ffice of Device Evaluation, DARRD

: 2, /75t
NG54z B

y (L /a/%/“w//@zéww

ES
s e T

Robert ?&/Munzner, Ph.D.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

8757 Georgia Avenue

Silver Spring, MD 20910

MAY 1, 1986

CLINICAL DIAGNOSTICS, INC. D.C. Number : K854903

ATTN: BRUCE MEYER Received 05-01-86

300 E. MINERAL AVENUE, #6 Product : GORDON DIAGNOSTIC

LITTLETON, CO 80122 SYSTEM GDS DATA
ANALYSIS PROGRAM

The additional information you have submitted has been received.

We will notify you when the processing of your submission has been
completed or if any additional information is required. You are required
to wait ninety (90) days after the received date shown above or until
receipt of a "substantially eguivalent" letter before placing the product
into commercial distribution. I suggest that you contact us if you have
not been notified in writing at the end of this ninety (90) day period
before you begin marketing you device. Written questions concerning the
status of your submission should be sent to:

Food and Drug Administration

Center for Devices and
Radiological Health

Office of Device Evaluation

Document Mail Center (HFZ-401)

8757 Georgia Avenue

Silver Spring, Maryland 20910

If you have proc or policy questions, please contact the Division of
Small Manufacturers Assistance at their toll-free number (800) 638-2041 or
me at (301) 427-8162

Sincerely yours,

Robert I. Chissler

Premarket Notification Coordinator

Office of Device Evaluation

Center for Devices and
Radiological Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118




Records processed under FOIA Request 2014-6917; Released 10/21/14

STATE UNIVERSITY OF NEW YORK
UPSTATE MEDICAL CENTER

750 EAST ADAMS STREET ——
. SYRACUSE, NEW YORK 13210 ﬁ ) B

COLLEGE OF MEDICINE AREA CODE 315
DEPARTMENT OF PSYCHIATRY AND BEHAVIORAL SCIENCES 473-8100

April 30, 1986

Food and Drug Administration

Center for Devices and Radiological Health
Office of Device Evaluation

Document Mail Center

(HFZ — 401>

8757 Georgia Avenue

Silver Spring, Maryland 20910

DC#: K854903
Product: Gordon Diagnostic System
To whom it may concern:

Enclosed please find materials requested by Mr. Stephen Hin-
ckley regarding our submission for FDA approval.

I would appreciate a rapid forwarding of these documents to

Mr. Hinckley.

Sincerely.,

WMW

Michael Gordon, Ph.D.
Associate Professor of Psychiatry

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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STATE UNIVERSITY OF NEW YORK

UPSTATE MEDICAL CENTER
760 EAST ADAMS STREET
. SYRACUSE, NEW YORK 13210

COLLEGE OF MEDICINE . AREA CODE 315
DEPARTMENT OF PSYCHIATRY AND BEHAVIORAL SCIENCES 473-8100

April 30, 1986

Mr. Stephen Hinckley

Food and Drug Administration
8757 Georgia Avenus

Silwver Spring, MD 20910

Dear Mr. Hinckley:

Enclosed please find a series of reprints regard1ng the
rious issues we discussed today by phone. You will m:atezd-tha’(;""1
I have highlighted sections that would seem most relevanr to
the equivalency issue. Alsoc included are instructichs —man—
vals and advertisements to similar programs that are marketed
for clinical use. Perhaps the most current and useful infor-—
mation for your purposes is found in the short reviews from
Psychopharmacology Bulletin.

The articles by Rapport and Barkely, cited in an earlier
response to the FDA review, are also included. Finally,
there is a basic description of the standardization process
and a copy of a page from a widely—used psychological test.,
which demonstrates the conventionality of our statistical
approach to presenting normative data.

I hope that, in the rush to send these materials to you, we
have not forgotten anything essential. I have tried to be
somewhat conservative in selecting articles so that that the

approval process does not become further delayed by a bad
case of eye strain.

I enjoyed talking with you and trust youw will contact me with

any further guestions or comments.

Sincerely,

el o] foreton

Michael Gordon, PFh.D.
Assuciate Professor of Psychiatry

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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ourssl of Corsulling Psychology
» {%%0, No. 5, 1956

! A Continuous Performance Test of Brain Damage

, H. Enger Rosvold,® Allan F. Mirsky,® Irwin Sarason,*
Edwin D. Bransome, Jr.,’ and Lloyd H. Beck®
Yale University

This paper presents the results of an in-
vestigation using a new instrument for the
sudy of brain damage in human subjects.
The design of the instrument, the Continuous
Performance Test (CPT) was based on cer-
¢ tain electroencephalographic evidence which
+ suggested that brain-damaged individuals

should show inferior ability as compared with
pon-brain-damaged individuals on tasks re-
quiring sustained attention or alertness.
Toe waking EEGs ot brain-damaged pa-
i tients generally show either random bursts of
+  bypersynchronous (high amplitude) activity
mtruding upen the normal activity of the
brain, or a general hypersynchrony (3, 8).
Hypersynchronous activity is also evident in

' 1 The autbors would like to extend their apprecia-
ton to the following individuals and institutions for
| providing advice and/or subjects and testing facili-
, tes for this research: Mr. Samuel Greenhouse of
. the National Institute of Mental Health, Bethesda,
Maryland; Dr., C. Edward Stull and the Southbury
Taining School, Southbury, Connecticut; Drs. Wal-
ter Landmesser and Russell Fuldner and the New-
bgton Crippled Children’s Hospital, Newington,
Connecticut; Dr. Rhoades and the New Haven
Cerebral Palsy Clinic. New Haven, Connecticut;
Drs. Milton Senn. William German, Janice Stevens,
Morris Wessell, Ethelyn Klatskin, and the staff of the
several pediatric and neurological clinics of the Grace-
New Haven Community Hospital, New Haven, Con-
Recticut,

. YSupported in part by grants to- H. Enger Ros-
vwid from the Veteran's Administration, Contract
E-OOI-MJZZZ and the National Science Founda-

e ———

*Now at the National Institute of Mental Health,
Bethesda, Maryland.

$Now at the West Haven V.A. Hosnital, West
Haven, Connecticut.
- -YNow at the College of Physicians and Surgeons,
o umbia University, New York, N. Y.
:'3' 'N_OW at the University of Michigan, Ann Arbor,
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ORGInAL  CFT

the recording from the brain of a sleeping
subject (3). If hypersynchrony is associated
with reduced vigilance or attention, as sug-
gested by its presence during sleep, then the
hypersynchrony of the brain-damaged pa-
tients might also indicate reduced attention.
For example, according to Hebb (1), hyper-
synchrony might interfere with the sequen-
tial firing. of cell assemblies and thereby dis-
rupt the pracess of attention. Other research
strongly suggests that some such relationship
does in fact exist. Thus, on the basis of a
study of 75 prefrontal lobotomy cases, Levin
states:

Immediately following operation the patient usu-
ally lapsed into a drowsy-anergic state {rom which
he could be temporarily aroused by stimuli, only to
lapse once again into somnolence when the stimuli
were removed. During this drowsy-anergic state
EEGs showed diffuse slow activity and 2 good deal
of baseline oscillations of 4 to 2 per second an-
teriorly mixed with slow rhythms of 2 to 6 per
second frequency. As the patient emerged from the
drowsy stage the preoperative pattern usually as-
serted itself (2, p. 422).

The usual measures of attention or alert-
ness such as the digit span and digit symbol
substitution subtests of the Wechsler-Bellevue
have not consistently showed decline follow-
ing brain damage (4, 5, 6, 7). In the case of
the patient who shows intermittent bursts of
hypersynchronous activity, and hence only
momentary lapses in attention, the test per-
formance may be due to the fact that the S
can to a great extent choose his own time to
respond, and may reorganize his attention be-
tween momentary lapses. The lapses would
then not affect his score to any measurable
extent.

In the case of the individual who shows a
generalized hypersynchrony of the electrical
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activity of the brain, the classical tests might
not reflect his deficiency because they do not
require sustained attention over a sufficiently
long period of time.

These considerations suggested that a test
which would not allow the patient to choose
his own time to respond, and which would
require a high level of continuous attention
over an appreciable interval of time might
reflect a deficit that other procedures would
miss. Accordingly, the CPT was designed to
provide two attention tasks, labeled X and
AX, with AX designed to be the more diffi-
cult. This paper presents data on the CPT
performance of comparable groups of brain-
damaged and non-brain-damaged individuals.

If the research demonstrates that there are
indeed differences between brain-damaged and
non-brain-damaged groups on this test, one of
the questions which arises is whether or not
the differences are large enough to be of
diagnostic use. The data also provide a pre-

iminary answer to this question.

Method

Subjects. No attempt was made in this
study to select patients on the basis of either
locus, extent, or type of brain damage. The
term “brain-damaged” is here used to in-
clude any individual for whom there was
medical evidence (surgical notes, neurologi-
cal examination, EEG) of brain pathology.
Three groups were studied, each consisting
of a brain-damaged and a non-brain-dam-
aged subgroup. The Defective group consisted
of 72 institutionalized feehleminded Ss, who

S O L AN T Ry
Y,

&
WA 222521

H. E. Rosvold, 4. F. Mirsky, 1. Sarason, E. D. Bransome, and L. H. Beck

were diagnosed as either of “organic etiology”
(the Brain-Damaged-Defective subgroup) or
of “familial or idiopathic etiology” (the No»n-
Brain-Damaged-Defective subgroup). " The
Child group comprised 4§ children from a
children’s hospital and from various pediat-
ric clinics who were being treated for brain
disorders such as cerebral palsy (the Brain-
Damaged-Child subgroup) or for non-nerv-
ous-system disorders (the Non-Brain-Dam-
aged-Child subgroup). ¥The third group,
designated the Adult group, consisted of 50
adult Ss. Half of these (the Brain-Damaged-
Adult subgroup) were either epileptics being
treated at a seizure clinic or brain surgery
patients being seen at a neurosurgery clinic.
The remaining 24 Ss (the .XNon-Brain-Dam-
aged-Adult subgroup) were either part of the
general medical population of 2 hospital or
were nonpatient Ss.

The age and a measure of intelligence were ob-
tained for all Ss. In addition, the length of institu-
tionabization was optainea lor the Uefective group.,
The Ss in the Defective group were routinely tested
on the Stanford-Binet upon admission to the train-
ing school; all other Ss were tested for ¥Q just prior
to presenting them with the CPT. The intelligence
measure used for the Child group was the Staniord-
Binet vocapulary, while the Ss in the Adult group
were tested on either the Full Scale Wechsler-Belle-
vue, the Verbal Scale of the Wechsler-Beilevue, or the
20-minute modification of the Otis Self-administer-
ing Test of Mental Ability, Form B. Approximately
equal numbers of Ss in each of the Adult subgroups
were tested on each of the three measures of intelli-
gence. The average ages and IQs of the several
groups are presented in Table 1. The mean age of
the Non-Brain-Damaged-Child subgroup was sig-
nificantly higher than that of the Brain-Damaged-

Table 1
Mean Ages and IQs of the Subjects

Group N

Meanage SDage MeanIQ SDIQ

Defectives
Brain-damaged 29
Non-brain-damaged %3
Children
Brain-damaged 19
Non-brain-damaged 26
Adults
Brain-damaged 25
Non-brain-damaged 25

633 7.8
66.8 75

273
25.1

8.1
78

282
212

1019
104.6

9.0%
12.3*

3.0
2.9

15.2
15.0

90.5°
100.0*

12.1
13.9

31.7
31.5

® Indicates a significant differeace

% Indicates a significant differe:

(» <.08).
nce (» <.01).

gy
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‘Fig. 1. Semischematic diagram showing the Con-
thoous Performance Test apparatus, a subject and
mminer in the positions they would oceupy during
4 test,

et subgroup (p < .U1). Also, the IQ of the Non-
Bain-Damaged-Adult subgroup was significantly
tgher than that of the Brain-Damaged-Adult sub-
group (p < .05). There were no other significant
Eferences between the various paired subgroups
with respect io age or IQ. The mean length of in-
sitationalization for the Brain-Damaged-Defective
migroup was 11.4 years, for the Non-Brain-Dam-
aed-Defective subgroup, 9.3 years. This difference
M ot significant,

# dpparatus. The testing instrument is illus-
tated ii. Fig. 1. It consisted essentially of a
Jevolving drum on which two series, each of
31 letters, were mounted side by side.

-Ome series served for the X task, the other for
4X task. The drum revolved slowly, approximately
trikz & minute, in a boxlike case equipped with a
vhor through which the § was required to look. The
R dbifted the task from X to AX by changing the
barizonta] position of the visor. The letters were

ted briefly one at a time. The illum nation
Y provided by a bank of five 0.5-watt neon bulbs

;:“'mtnd intide the case, fired by means of the dis-

g of an 8-microfarad condenser. Tha S per-
formed by pressing a response key when certain

. Yoarzeat® Tetters appeared. In the X task, every X
. F8 2 correct letter; in the AX task, every X fol-

e an 4 was a correct letter. The letters came
% view at approximately 0.92-sec. intervals. A re-
was scored correct if the response key was

" P within 0.69 seconds after the brief illumina-

of the correct lstter. Following this interval,

‘'Was & period of approximately 0.23 seconds

% the next letter was illuminated. Correct and

8CT responses were recorded automatically on

9f comnters facing the back of the machine
-

)

where E sat. The X task was always presented first
and included eight X's in the series of thirty-one let-
ters. The responses occurring over the first two revo-
lutions of the drum served as practice and were not
counted in the S's score. The S3 were then given
either a2 S-minute test (10 revolutions) in which
there were 80 possible correct X responses, or a 10-
minute test (20 revolutions) in which there were
160 possible correct responses. Following a 2-minute
rest period, the visor was moved by E so that the
AX series was in view. There were six correct AX
sequences among the thirty-one letters of the AX
series, As with the X task, the responses occurring
during the first two drum revolutions served as
practice. Then, the Ss received either a $-minute
test in which there were 60 possible correct AX re-
sponses, or a 10-minute test, in which there were
120 possible correct.

Procedure. No attempt was made to keep
the instructions completely identical from S
to S; the typical form, however, did not vary
greatly from this content: . .

“Do you see ibis viewerr When the machine starts,
you will sce letters appearing one at a time. Your
job is to press this key every time you see an X.
Don't press it for any other letter and always press
it when you see an X. Press the key down for a bit
when you see an X; don’t hit it too quickly. Try
holding your eyes different distances {rom the viewer
until you find the one that is most comfortable for
you. Remember, press the key every time you see an
X, but not for any other letter.” Those Ss who had
difficulty in understanding were given further in-
struction of the same sort.

With the X task and the two-minute rest
period completed, the S was instructed as
follows:

“Your job in this next part is again to press the
key when you see an X, but this time, only if the
X follows right after an A. That is, when you see
the series A—X-— press the key on the X. Don't
press the key for any other letter following an 4
except X, and always press it then. Remember now,
when you see the letter 4, get set; if an X comes
right after it, press the key.” Additional instruction
was given to those who had difficulty in under-
standing.

Except for the children, all Ss were tested
for 10 minutes on each of the two tasks. With
children, the time was reduced to 5 minutes
on each task, and in addition, the instructions
were modified to some extent, presenting the
task as a game. For the children under the
age of 10, pretesting was carried out to make
certain that they could discriminate letters,
and to see whether they could follow the in-
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structions by requiring answers to two spe-
cial test sheets. one containing Xs among
other letteirs, the other, As and Xs among
other letters. Those who failed this pretest
were not tested further. No § was tested who
could not perform the minimal motor tasks
of holding his head up unsupported and press-
ing the response key. Since the testing was
conducted at many different clinics and hos-
pitals, it was not feasible to control exactly
the amount of illumination in the testing
room. The ordinary lighting of the room was
used without any modification; care was
taken however, to insure that there was no
glare on the visor of the testing apparatus.
Relinbilitv. Two measures of the reliability
of the CPT were made, using Ss of the De-
fective group. Odd-even reliability was deter-
mined from the scores of 21 non-brain-dam-
aged Ss, by comparing the subtotal of correct
responses on the 10 even revolutions of the
drum with the subtotal on the 10 odd revolu-
tions. Tne Pearson r for the X task was 0.88,
for the AX task 0.86. To determine test-re-
test reliability, 21 brain-damaged and 22 non-
brain-damaged Ss were retested from four to
seven weeks after the initial testing. The test-
retest r for the number of correct responses
of the brain-damaged group on X was 0.90,
for AX, 0.79. The test-retest r for the num-
ber of correct responses of the non-brain-
damaged group on X was 0.88, for 4X, 0.74.
CPT scores. The X and AX responses of
each S were scored in two ways. The absolute
percentage correct was defined as the number

of correct responses the § made divided bv
the number of correct responses (X 100) pos.
sible in the time allowed. The relative per.
centage correct was defined as the number of
correct responses (X 100) the S made di.
vided by his number of attempts (both cor-
rect and incorrect) during the time allowed.
In the event that the two scores differed
markedly, depending on the $’s pattern of re-
sponding, the two measures provided a more
complete description of his performance than
would either of the two taken singly.
Results

CPT scores. Table 2 presents the means
and standard deviations of the absolute per-
centage of possible correct responses on the
X and AX tasks for the six subgroups. Since
there was a significant age difference between
the Child subgroups and a significant 1Q dif-
ference between the Adult subgroups (Table

1), the difercnces between ibe paired sub-
group means on X and AX in these two
groups were evaluated by means of an analy-
sis of covariance. The means of the Child
group in Table 2 have been adjusted for re-
gression on age and the means of the Adult
group have been adjusted for regression on
1Q. The covariance procedure was corrected
for heterogeneity of variance between the
subgroups when the analysis required it. The
mean differences in the Defective group were
evaluated by means of the ¢ test.

The differences between the subgroup means
were highly significant on both the X and

Table 2

Adjusted Means and Standard Deviations for Child and Adult Groups, Means and Standard Deviations for
Defective Groups, .X and 4 .X Absolute Percentage Correct Measures

Brain-damaged Non-brain-damaged
Adj. Adj. .
Group N mean SD N mean SD # diff.

Children

X . 19 41.61 28.39 26 82.57 14.65 <.0005

AX 19 46.46 28.20 26 79.41 1744 <.0005
Adults

X 25 78.53 28.26

25 88.00 1721 >30
78.77 .

67.86
5474
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of Performance, All Groups
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C e et

Significance Levels of Dlﬁm Between Mjustad
AX Mean Scores of Brain-Damaged and Non-
Brain-Damaged Subgroupe, All Groups  +~

Non-
Brain-damaged brain-damaged
Group Absolute Relstive  Absolute Relstive
Children >.70  >30 >50 >.70
Adults <001 <.01 <01 <.05

<.001 <001 <001

Delectives <N

Performance measure

Group Absolute Relative
Children >20 <.05
Adults <01 >.05
Defectives <.05 -~ <08

e

AX tasks in the Defective group (p < .01
and p < .005, respectively) and also in the
Child group (p < 0005 in each case). In the
Adult group, the brain-damaged subgroup
was significantly inferior to its controls on
AX (< .01), but not on X (p > .30).

When the relative percentage scores of the
paired Child and Adult subgroups were com-
pared by means of an analysis of covariance,
and those of the Defective group by means
of the ¢ test, the paired subgroup differences
were all in the same direction and of approxi-
mately the same magnitude as those reported
in Table 2. The levels of significance were in
no case less than the corresponding levels re-
ported in Table 2. The only difference was
that the relative scores on the X task dis-
criminated signihcantly (p < .03) Dbetween
the Adult subgroups, whereas the absolute
scores on the X task (Table 2) did not.

In order to determine if the AX task was

in fact more difficult than the X task, the
mean X score was compared with the mean
AX score for each of the six subgroups.
Table 3 presents the significance levels from
the ¢ test of the differences between X and
AX scores for both the relative and absolute
measures of performance in all six subgroups.
Each of the Defective and Adult subgroups
performed significantly worse (at ¢ < .05 or
less) on the AX than on the X task. With the
children, none of the differences between X
and 4X was significant. To determine if the
brain-damaged subgroups had relatively more
difficulty on AX (i.e., independent of their
performance on X) than the non-brain-dam-
aged subgroups, an analysis of covariance
was run on the 4X scores of the paired brain-
damzzed and non-hrain-damaged subgroups
with X scores as the covariate. Table 4,
which presents the results of the analysis,
shows that in terms of the absolute measures

Table 5 _
Percentages of Correct Identification of Diagnostic Category by CPT Scores, All Groups
Group
Defectives Children Adults
Brain- Non-brain- Brain- Non-brain- Brain- Non-brain-
Subgroup damaged damaged damaged damaged damaged damaged
AY 29 13 19 26 25 25
X—-R 75.9%" 674 §4.2%* 16.9*** 68.0° 68.0°
N—4d 62.0 $8.1 89.5%°* 76.9°* 64.0 61.0
AX-R 72.4°* 65.1* 84,2° 76.9%* 66.7* 66.7*
AXN—-4 75.9%0e 67.4°* 84.2%*" 76.9°* 65.0t 65.0t
*p <.08.
S*hH <0l
L

005
1 Based on 23 subiects.

Note,—p-values reser to the probability that the percentage differs from chance (507). Nonstarred percentages do not differ

sign:ticantly from chance,
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of performance, the Brain-Damaged-Adult
and -Defective subgroups had significantly

. greater difficulty on the AX task than thejr
respective nondamaged subgroups, even when -

the paired subgroups were adjusted to equal
levels ofi performance on the X task. Simi-

* larly, in terms of the relative measures of
- performance, the Brain-Damaged-Chiid and

-Defective subgroups had significantly greater
difficulty on AX than their respective non-
damaged subgroups.

Correct identification of subgroup. Table §
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presents the percentages of correct identifica.
tion of diagnostic. category of all the sub.
groups on all measures:yielded by the CPT.
These were determined Tor each subgroup on
each CPT measure fmm the over-all median
of scores of a group on:tbat measure. For ex-
ample, considering the:X scores in the De-
fective group, the percentage of brain-dam.
aged Ss scoring below the: combined Defec.
tive group median defines the -percentage of
correct identification of’ bram-damaged defec-
tives on the X task. Sumlarly, the percent-
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Fig. 2. Frequency distributions of subjects by percentage correct score intervals, all groups, all cPT
measures. Black columns represent frequencies of brain-damaged subjects, white columns, frequencics

of non-brain-damaged controls,
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age of non-brain-damag?d defectives scoring
gbove the over-all. medxan _deﬁnes the per-
centage of correct identification of non-braix-
damaged defectives on the X task. These

rcentages were computed to provide an
estimate of the potential usefulness of the
several scores of the CPT as diagnostic indi-
cators in various clinical groups. In Table §,
x-R and AX-R refer to the relative meas-
ures of performance on these tasks; X-4 and
AX-A refer to the absolute measures of per-

formance. The relative measures provided

more significant percentages of correct identi-
fication than did the absolute measures; all
of the six X-R and all of the six AX-R sub-
group percentages were significant at p < .05.
The Child group had more significant per-
centages of correct identification thar any
other (eight of eight) all of which were sig-
nificant at p < ,005. There were equal num-
bers of significant percentages of correct
identification among the non-brain-damaged
and brain-damaged subgroups; however, these
percentages tended to be higher among the
brain-damaged subgroups.

Firure 2 presents for each group and CPT
measure, the distribution by percentage score
of brain-damaged and non-brain-damaged Ss
{uncorrected for age or IQ differences be-
tween subgroups). Figure 2 emphasizes in
general the great range in scores achieved by
brain-damaged S» a3 compared with non-
brain-damaged Ss. The scores of the non-
brain-damaged Ss are usually concentrated
near the upper end of the distribution; in
fact. the modal score for non-brain-damaged
Ss is in the 91 to 1007 interval in every case
except for the AX -4 measure in the Defective
group. In contrast with this, the scores of the
brain-damaged Ss span the entire distribu-
tion, or the entire distribution excepting one
score interval, in every case.

Discussion

The results of this study indicate that brain-
damaged individuals perform poorly relative
o non-brain-damaged centrols on a task re-
quiring continuous attention. The results also
indicate that on a task designed to require
even more sustained attention the brain-dam-
ared jndividuals perform even more poorly.
The score distributions of the various sub-

groups (Figure 2) and the percentages of in-
dividuals cotrectly identified by diagnostic

category (Table 5) suggest that the CPT is. . 3

sufficiently sensitive to the effects of Sbrain
damage so that it might prove usefuliclini-

cally. The data of Table § suggest that the *

relative measures are more discriminating
than the absolute measures, that the-test is
somewhat more reliable in reflecting .the
presence than the absence of brain damsge
and that it is most discriminating when ap-
plied to the children of this study. -

These findings are of course preliminary,
Use of the CPT in the clinic must await
standardization on a wvariety of diagnostic
groups, to. ascertain whether brain pathology
only and which types of brain pathology
lead to deficient performance. For example,
some data which bave not been reported here
indicate that schizophrenics perform no dif-
ferently from normais of comparable age and
1Q. More information concerning other groups
is required. Standardization on a variety of
diagnostic groups is also necessary in order
to have a reliable diagnostic score for each
subgroup. Thus, in the present study, cutoff
points which included most brain-damaged
children missed ‘many brain-damaged adults
(see Figure 2).

Diagnostic considerations aside, the ques-
tion remains as to whethe> the impaired per-
formance of the brain-damaged Ss on the
CPT is in fact due to an impainnent of at-
tention, whether in the form of momentary
lapses, or of a lowering of a general level.
Clearly, the available information does not
rule out alternate interpretations of the defi-
cit. To make certain that it is attention that
is impaired would require more extensive in-
formation about the S's test behavior than
the present instrument provides, It is clear,
furthermors, that the available information
does not permit the conclusion that the im-
paired CPT performance is indeed related to
hypersynchrony as evident in the EEG.
Nonetheless, the results of this study do lend
support to these hypotheses suggesting that it
mizht now be profitable to make a more di-
rect test of the original formulation. This test
would be provided by simultaneously measus-
ing CPT performance and brain activity to
determine whether errors on the CPT are

_ iiestions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

PSR R G

4Nt am——t

MRS SN LV P - = S T

- .

v ey Lt
CeesTik XLIiors X

-t dam

e —

. e atm—— ——————

— e 2 L

MG RIS 4 12 G M a0 S R LD A

—— .

e ;','(_.’l.lp.o‘:).»-:;. e e . N




e e e o

- L0 Rnadbem i TARNEGP TS

i

Records processed under FOIA Request 2014-6917; Released 10/21/14 .

350 H. E. Rosvold, A. F. Mirsky, I. Sarason, E. D. Bran:a;ne, and L. H. Beck

coincident in time with hypersynchronous
patterns on the EEG and whether thers is a
correlation between degree of deficit on the
CPT and degree of hypersynchrony.

Summary

1. The Continuous Performance Test, a
procedure for the detection and study of brain
damage in humans, is described.

2. Three groups of Ss, each including a.

brain-damaged and a non-brain-damaged sub-
group, were tested on this procedure,

3. The brain-damaged subgroups were sig-
nificantly inferior to their non-brain-damaged
controls on the measures yielded by the CPT,
and these differences were increased when the
difficulty of the task was increased.

4. The CPT is sufficiently reliable and
yields sufficiently large differences between
subgroups to suggest that it might ultimately
prove useful as a dlinical instrument for the
diagnosis of brain damage. ‘

S. An interpretation of the inferior per-
formance of the brain-damaged Ss was offered
in terms of impairnient in attention or alert-

ness and sugge;tions were made about future
research relating cerebral events and CPT
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SUCHOPHAR M.

*Measures of Cognitive Functioning
Appropriate for Use in Pediatric
Psychopharmacological Research
Studies

James M. Swanson, Ph.D.!

Introduction

Six types of cognitive tasks, each of which
has been used previously in several studies and
by several investigators, were selected for de-
scription in this paper:

I. Continuous Performance Tasks

2. Choice Reaction Time Tasks

3. Single-Trial Recall Tasks

4. Matching-to-Sample Tasks

5. Paired-Associate Learning Tasks

Analogue Classroom Tests
These cognitive tests may be considered to be
ordered on a dimension of complexity or dif-
ficulty (from “low-level” to “high-level” cog-
nitive tasks, according to Weiss & Laties, 1962),
or on a dimension of effortfulness (from “au-
tomatic” to “effortful,” according to Hasher &
Zacks, 1979). Thus, each measures a different
aspect of attention or cognition. Each type is
available in a computerized and non-comput-
erized version.

The Six Classes of Tasks

¢

l. The Continuous Performance Task (CPT)

The CPT is a monitoring task in which the
subject watches an experimenter-controlled
sequence of stimuli (e.g., letters) to detect an
infrequently occurring target. A “vigilance
decrement” in performance occurs within rel-
atively short (5 to 30 min) periods of time.
Several versions of the CPT are outlined in

'Child Development Center, University of Califomia, irvine, CA
92717.

*PLEASE NOTE: All references in this paper are presented in
a single reference section to be found on pages 1111-1124.

BvLLeTiN

Table 2. Detailed descriptions of these CPTs
are provided by Nuechterlein (1983). This test
has been used to document attentional deficits
in hyperactive children (e.g., Sykes etal., 1971,
1973) and children at risk for schizophrenia
(Nuechterlein, 1983; Rutschmann et al., 1977).
The CPT has a long and distinguished history
of use with children, dating back to Rosvold
et al. (1956); auditory versions, requiring little
equipment (e.g., a tape recorder), to visual ver-

sions requiring special purpose projectors and

computers are available; it is sensitive to med-
ication effects. However, most versions pres-
ent a “low-level” task, and the more sophisticated
versions may be required to measure psycho-
pharmacological effects on effortful cognitive
processes (Nuechterlein, 1983). A related per-
ceptual test, the Span of Apprehension test, is
described by Asarnow (1984).

2. Choice Reaction Time Tasks

Choice reaction time tasks have been used
to study stages of human information pro-
cessing (Callaway, 1983; Sanders, 1983; Stern-
berg, 1969; Welford, 1960). The Sternberg
(1966) and Shiffrin and Schrieider (1977) scan-
ning tasks, which address four stages of infor-
mation processing (stimulus encoding, memory
comparison, response selection, and response
execution), use digits or letters as stimuli.
Memory load and display load are the major
independent variables, and the dependent
measures are reaction time (RT) and error rate.
The slope and intercept of a linear RT-load
function are interpreted and used to estimate
the time required by component stages (e.g.,
memory comparison time). Sprague and Slea-
tor (1977) used a version of this task with large
display loads (up to 15 items), and found that
the optimal dose for performance (RT and
errors) on it were lower than for subjective
rating of behavior. Sergeant and Scholten (1983)
and Sergeant (in press) have shown clear dif-
ferences between normal ai:.d ADD/H children
in the intercept of the RT-memory load func-
tion, but no slope differences, and Callaway
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Tests Source - Selected References

Continuous Performance Tests Dr. Keith Nuechteriein ' Nuechterisin, 1983
UCLA-Neuropsychiatric Institute .- Sykes et al., 1971, 1973
Box 18 " Rosvoid et al,, 1956
760 Westwood Plaza

Los Angeles, CA 90024 _ g 5

Dr. Joe Sergeant _
Laboratory for Experimental
Clinical Psychology

Choice Reaction Time Tests

Turfsingel 46

~Sergeant & Scholten, 1983
+ Sprague & Sleator, 1977
Stemberg, 1969

Groningen, The Netheriands

Single-Trial Recall Tests

Dr. Herbert Weingartner
Lab. Psych. & Psychopath.
National institute of Mental Health

Waeingartner et al., 1980
Rapoport et al., 1978
Craik & Lockhart, 1972

Bldg. 31, Room 4C-35
9000 Rockville Pike
Bethesda, MD 20205

Matching-to-Sample Tests

Behavior

Dr. Robert Spregue
Institute Child Development &

Sprague, 1984
Campbell et al., 1971
Kagan et el., 1964

University of iilinois

51 Gerty Drive

Champaign IL 61820

Paired Associa®» Learning Tests

Dr. James Swanson
Child Development Center
University of California

Swanson et al., 1983
Gittelman-Klein & Kiein, 1975
Conners et al., 1964

19262 Jamboree Road

Irvine, CA 92717

Dr. William Petham
Dept. of Psychology
Florida State University

Analogue Classroom Tests

Peiham et al., 1985
Stephens et al., 1984
Douglas et al., in press

Tallahassee, FL 32306

~
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(1983) and Klorman et al. {in press) have used
evoked potential latencies as well as RT to show
that methylphenidate does not affect the slope
of the RT-memory load function. These find-
ings suggest that ADD/H children have func-
tional, not siructural deficits associated with
the memory comparison process, and that
methylphenidate affects post-evaluative pro-
cesses, perhaps at the motor selection and ex-
ecution stages of processing.

3. Single-Trial Recall Tasks

Cognitive psychologists (e.g., Craik & Lock-
hart, 1972) have developed tests to study spe-
cific input (encoding) and output (retrieval)
processes of human memory. Lists of words
are used as stimuli; the words are typically pre-
sented one at a time to the subject, who then
attempts to recall them in any order. Inde-

Questlons'? Contact FDA/CDRH/OCE/DID at CDRH FOI STATUS

pendent variables related to encoding and re-
trieval are established by requiring subjects to
process the words in different ways during en-
coding (e.g., semantically or acoustically), and
by guiding the subject with cues (in both en-
coding and retrieval phases, in one phase but
not the other, or in neither phase). Both recall
and recognition tests are given, to probe for
the availability (recognition) as well as the ac-
cessibility (recall) of information in memory
(Craik & Tulving, 1975). The studies of Ra-
poport et al. (1978) and Weingartner et al.
(1980) demonstrate the use of this test for as-
sessing the encoding and retrieval strategies of
hyperactive children, and the effect of medi-
cation on recall. These tests focus on the p-
cessing of episodic information in short-term
or working memory (on\.-tlme recall) and typ-
ically do not require “learning” or reorgani-
zation of information in semantic memory.
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Analogue Spelling Word lists

4. Matching-to-Sample Tasks

The Matching Familiar Figures (MFF) test
(Kagan, 1966; Kagan et al., 1964) is a simple
version of this test in which a standard or tar-
get picture is presented, along with a set of
similar pictures which contains one that is
identical. The subject’s task is to find the exact
match. The usual dependent measure is the
time-to-first response (a measure of reflection
time) and the number of errors made before

a match is found. In some studies (e.g., Camp-"

bell et al., 1971) stimulant medication has pro-
duced a pattern of more reflective responding
(longer latencies and fewer errors). In other
studies of medication (imipramine and meth-
ylphenidate), latency has increased, but errors
have not decreased (e.g., Rapoport et al., 1974).
Flintoff et al. (1982) used computer-generated
forms and recorded eye mevements in a Ka-
gan-like MFF test. They found that stimulant
medication produced an increase in systematic
comparisons of the variants to the standard
(an 1ncreased selective attention), but no im-
provement in performance as measured by la-

tency to first responses or errors. Sprague (1984)
has developed a sophisticated, computerized
version of the matching-to-sample task de-
signed to measure individual differences in
strategies as well as levels of performance. It
utilizes letter-like stimuli (Gibson figures) which
can be systematically transformed to vary dif-
ficulty, and computerized monitoring of the
subject’s selection of stimuli to inspect. Spra-
gue (1984) has shown that the inspection ratio
(the number of times each stimulus window is
opened per irial) is sensitive to the beneficial
effects of low doses, and shows the behavioral
toxic effects of high doses in the same way as
his earlier memory scanning test (Sprague &
Sleator, 1977).

5. Paired-Associate Learning Tasks

In the paired-associate learning (PAL) test,
stimulus-response pairs of common, well-known
items (e.g., picture-letter pairs, or word-word
pairs) are used. The subject’s task is to learn
the arbitrarily assigned response to each stim-
ulus item, through rote repetition and

o
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Table 2
i H Computerized and Non-Computerized Tests.Recomn}ende'd for Use in Pediatric
Psychopharmacological Studies —
0 3 PO
3
% Tests Computer Investigator
3
£ Computerized R
; i CPT-Degraded Stimulus IBM PC Nuechterlein, Lindgren
b
’E. CPT-Playing Card Commodore Taylor, Lindgren
£y CPT-AX Apple lle Garfinkel
‘é Span of Apprehension Appie lle Asarnow
i‘» Recall Atari, Apple Sandman, Swanson
5 Memory Scanning Apple Il +e,c Swanson
% Pursuit Tracking Apple ll+e,c Swanson
% l’;ﬁ:;-cl;ng-to-Sample Appie lie . Sprague
: icture-Letter Apple lle Deutsch
¢ PAL Word-Word Apple I +e,c Swanson
Arithmetic Tests Apple il +e,c Swanson
: Non-Computerized Equipment Beference
CPT-Auditory . Tape recorder Campbel! et al., 1971
Etch-a-Sketch Tracking Etch-a-Sketch Humphries, 1979
Recall Free-Cued ‘ Word lists Swanson, 1985
Recall Categories Word lists Kagan, 1966
Recall Encoding Word lists Weingartner et al., 1980
Display Scanning . Letter lists Neisser, 1967
MFF-20 Notebook Douglas, in press :
PAL Picture-Letter Slides Swanson, 1983 3
PAL Word-Word Word lists Douglas, in press
Pelham et al., 1985 3
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rehearsal. Each trial consists of a new study-
test-feedback sequence, and error scores are
calculated for each trial.

Typically, subjects are required to continue
the task until reaching a criterion of perfect
performance. In one of the earliest series of
studies of the effects of stimulant drugs on
hyperactive children (Conners, 1973; Conners
et al.,, 1964), and in one of the most recent
series of studies (Douglas et al., in press), the
PAL test was found to be a good test for dis-
tinguishing hyperactive from normal chiidren
and for monitoring the effects of stimulant
medication. The PAL test has been used by
Swanson and Kinsbourne (1976; Swanson, in
press-b; Swanson et al., 1978) in more than a
dozen studies, and by at least 10 other inves-
tigators in studies of ADD/H children (see
Swanson, in press-b). The paired-associate
learning test is a “high level” or “effortful” test,
and because of task-specific effects of stimu-
lant medication, lower doses may produce in-
dications of “behavioral toxicity” on this, like
on other effortful tests (see Sprague, 1984),
than on “low level” or “automatic” tests (see
Rapport et al., in press; Swanson, in press-a).
It is one of the best tests for showing differ-
ences between ADD/H and normal subjects
(Douglas, in press). Medication-induced changes
in performance on it are correlated with be-
havioral changes reported by teachers and psy-
chiatrists (Gittelman-Klein & Klein, 1975).
However, some ADD/H children who show
clear behavioral improvement may show no
improvement or impairment on the PAL test
(Swanson et al., 1983).

6. Analogue Classroom Tests

Recently, tests of reading, spelling, and
arithmetic have been used to document the
effects of medication on academic productivity
in the classroom. Pelham et al. (in press; Ste-
phens et al., 1984) used an analogue spelling

Questlons7 Contact FDA/CDRH/OCE/DID at CDRH FOISTATUS@fda.hh
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test, in addition to reading and math tests, to
monitor academic production and medication
effects in ADD/H subjects. Douglas et al. (in
press) have used arithmetic tests to show short-
term effects of medication on ADD/H children
in the classroom. These tests border on being
achievement and psychometric tests, and are
for that reason somewhat out of the realm of
this paper on cognitive tests for use in pediatric
psychopharmacology. However, the analogue
spelling test is a laboratory-like classroom test
(Pelham et al., in press)

Summary

Table I summarizes the six types of cogni-
tive tasks recommended for use in pediatric
psychopharmacological studies. These tests are
designed to measure different aspects of at-
tention and cognition, but all have been shown
to be sensitive to the effects of medications in
children, and useful in documenting deficits
in clinical groups of children. In general, the
“low level” or automatic tests are more sensi-
tive than the “high level” or effortful tests for
documenting effects of medication, but the
“high level” or effortful tests are more specific
than the “low level” or automatic tests for dis-
tinguishing groups or subtypes.

The studies by Sprague and Sleator (1977)
and Rapoport et al. (1978) are recommended
as two of the most important studies in pedi-
atric psychopharmacology of the past decade.
The artcles by Conners (1973), Gittelman-Klein
and Klein (1975), Callaway (1983), and Doug-
las et al. (in press) are highly recommended
and should be useful to anyone planning a
study of cognition in pediatric psychophar-
macology. Computerized batteries of tests are
available from Keith Nuechterlein, (U.C.L.A.)
Scott Lindgren (Univ. of lowa), Barry Garfin-
kel (Univ. of Minnesota), and James Swanson
(U.C., Irvine).
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*The Computerized Continuous
Performance Test

C. Keith Conners, Ph.D.!

The CPT has been used in many studies as
one operational definition of “attentional” dys-
function in children. The test consists of a se-
ries of visual or auditory stimuli, some of which
are designated as targets to which a button-
press is required. Usually the test includes an
easy version in which a single target is desig-
nated, and a more difficult version in which
the same stimulus can be a target or nontarget
depending upon whether it is preceded by an-
other particular stimulus (such as an “X" when
preceded by a “B”). What the test actually
measures has never been adequately studied,
and investigators are cautioned that such con-
cepts as “sustained attention” and “attention
span” are inappropriate for the task when used
over brief periods. Generally, the CPT records
errors of omission and commission, but not
decline in vigilance over time (though there is
no obstacle to extending the task and record-
ing such changes).

Unfortunately, no standard version exists.
Parameters which need to be considered are
total number of stimuli, total test duration, in-
terstimulus interval (ISI), probability of target
occurrence, stimulus duration, and method for
calculating scores. Omissions and false alarms
can be used to calculate signal detection pa-
rameters of d' and Beta, the former measuring
threshold sensitivity, the latter the response
bias or criterion for making a response. Var-
iations in response style, such as cautiousness
or impulsivity, affect the speed-accuracy trade-
off. While mechanical or computerized meth-

'Children's Hospital National Medical Center, Washington, DC
20010.

*PLEASE NOTE: All raterences in this paper are presented in
a single reference section to be found on pages 1111-1124,

ods are desirable, paper-and-pencil methods
such as cancellation tasks or “checking” have
been standardized (Keogh & Margolis, 1976).

The following are computerized methods
which are readily adaptable to a wide age range
for drug studies and sample selection.

1. NIMH Version

This early version test has been developed
and standardized upon a normative sample. It
presents 800 visual stimuli (*/s" high digits) se-
quentially presented for 100 milliseconds (ms)
on a LED display. The task requires the de-
tection of infrequent two-digit sequences (6
followed by 4). The ISI is automatically re-
duced by 5% following each correct identifi-
cation and by increasing the ISI by 5% following
each error, thus adjusting the rate according
to the subject’s performance. d' and Beta are
calculated (Sostek et al., 1980). The apparatus
was designed and built by NIMH, but is not
available for sale.

An AX version of the task, currently in use
by Rapoport and associates at the NIMH, has
a sequence of single letters presented on an
LED display. The child pressed a button if X
appeared, only if preceded by A. Failure to do
sO was an omission error; pressing the button
for a letter outside the critical sequence was a
commission error. Children were instructed to
work to maximize the stimulus-presentation
rate. A total of 800 digits was presented; there
were 32 A-X combinations (4%), 96 A (12%),
and 96 X (12%). The mean interstimulus in-
terval for the last 400 stimuli formed a third
summary score. The child is usually tested for
approximately 10 minutes.

The adaptive version of the task in which
the speed is increased or decreased by 5% fol-
lowing a correct or incorrect response, re-
spectively, permits testing over a wide age range
using the “sure” task. For younger children (6
and below) the adaptive version often becomes
toc slow, becoming instead an (extremely) de-
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layed reaction time task. For such subjects, the
fixed interval version must be used. While not
currently for sale, the NIMH Adaptive AX task
is being developed by Michael Gordon and will
be available to the public.

2. Klee and Garfinkel (1983)

This version is programmed in PASCAL for
the Apple-1I computer. Ten letters flash on a
video monitor for 130 ms with an ISI of 600
ms. The target is the letter T preceded by the
letter S. Ten percent of 500 letters are targets.
Errors of omission and commission are cal-
culated.

3. Behavioral Medicine—CPT

This is a program written for the Apple-II

computer in BASIC. The stimuli are large al--

phabetic block letters with a display time of 50
ms. ISI is 1.5 sec. Three hundred trials are
presented of which 50 are targets for each task.
A training session is optionally usable for
standardized practice and instructions. In-
cluded with the same diskette is a computer-
ized version of the Sternberg test of short-term
memory, and a visual sequential memory test.
Available from Behavioral Medicine, Inc., 3904
Cleveland St., Kensington, MD 20895 ($150).

4. Life Sciences Associates Tasks

This is a signal detection task which calcu-
lates standard signal detection parameters. The
rogram is written in BASIC and is available
for both Apple-1I and IBM PC computers.
Stimuli are small letters which may be dis-

Hetrer mezous are

played anywhere on the video monitor. Tar-.
gets are the letter X which occurs as specifiable
frequency, duration, and rate amidst distrac-
tors (letter Z). The ISI can be varied across a
wide range. Available for $49 from Life Sci-
ences Associates, 1 Fenimore Rd., Bayport, NY
11705.

_—

5. The Gordon Diagnostic System (GDS)

This system provides researchers and prac-
titioners with a means of obtaining accurate
data on a child’s ability to delay and to sustain
attention. The portability and ease-of-opera-
tion of the GDS has enabled large-scale data
collection (Gordon, 1979; McClure & Gordon,
1984).

The GDS allows for the administration of
two tasks, the Delay Task and the Vigilance
Task, a version of the Continuous Perform-
ance Task (Rosvold et al., 1956). A new pro-
cedure, the Distractibility Task, is currently
being developed to assess the effects of dis-
traction on the child’s ability to sustain atten-
tion,

A microcomputer software package is avail-
able that automatically receives data from the
GDS, tabulates the various scores, stores the
information, and prints out an interpretive
summary of the performance. Included in the
report are educational recommendations and
suggestions for pharmacotherapy.

Readers interested in further information
on the GDS may contact Mictiael Gordon, Ph.D.,
at Upstate Medical Center, 750 East Adams
Street, Syracuse NY 13210 (Tel. 315-473-8145).
Information about purchase of the GDS may
be obtained from Clinical Diagnostics, Inc., 300
E. Mineral Ave., Suite 3, Littleton, CO 80122
(Tel. 800-521- 4503, 303-795-0438 in Colo-
rado).




Records processed under FOIA Request 2014-6917; Released 10/21/14

VOL. 21, NO. 4, 1985

*Measuring Activity Level in
Children

C. Keith Conners, Ph.D.,! and Sandra
Kronsberg, Ph.D.?

“Activity” has become a central concept, both
in the understanding of normal development,
and of childhood psychopathology. Activity
level at a given age, rate of development across
the age span, and patterning of activity are
parameters which show important relation-
ships with measures of personality, behavioral
style, learning, and maladaptive functioning.
Activity in man, as in most mammalian species,
is a recognizable trait with strong evidence of
high heritability (Buss & Plomin, 1975; Buss
et al,, 1973; Guilford & Zimmerman, 1956;
Owen & Sines, 1970; Scarr, 1966; Schoenfeldt,
1968; Thurstone, 1951; Willerman, 1973). It
is to be expected that biological variation alone
would ensure that some children would be
strongly characterized as either under- or
overactive, traits which may be predominant
in their behavior over much of their life.

However, stable individual differences in ac-
tivity level are only one part of a more complex
picture, Activity level changes over the age span.
Almost all methods of measuring activity show
a decline of activity level with age, whether by
global impression of parents or caretakers, dis-
crete samples of behavior, or mechanical trans-
ducers of physical energy. Again, by general
principles of behavioral ontogenesis, one can
assume that there will be pathologies of de-
velopment, such as a failure to modulate the
level of activity in accordance with normative
standards at a particular age. As with pathol-
ogies of activity level, developmental deviations

'Children's Hospital National Medical Canter, Washington, DC
20010,

*PLEASE NOTE: All references in this paper are presented In a
single reterence sectlon to be tound on pages 1111-1124,
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in activity can simply be the extremes of a nor-
mal distribution (in this case, of rate of change
in activity); or these deviations can be the con-
sequence of a variety of biological insuits and
environmental stressors.

Activity is not merely a genetic expression
of a stable trait, nor simply a parameter of
normal development. It is, in fact, not a uni-
dimensional construct, but cne which requires
specification of environmental variables which
act to inhibit, exacerbate, or modulate the be-
havioral acts of the child—acts which are
summed together by one method or another—
and labelled “activity.” Activity is a resultant
vector whose origin may involve the social, ed-
ucational, and perhaps nutritional environ-
ments interacting with the biological substrate
of activity. There is great variability in the de-
gree and rate at which raw energy becomes
tamed by the socialization process.

It is the environment, most of all, which pat-
terns activity level. We may suppose, then, that
there will be meaningful categories of envi-
ronmentally caused pathologies of activity level,
which will be best described in terms of an
abnormality of pattern; of fit between environ-
mental press and temperamentally based ac-
tivity. Thus, undersocialization is one
environmental hazard which may lead to im-
pulse disorders whose expression can resem-
ble hypermotility. Such disorders are, of course,
fundamentally different from impulse disor-
ders which derive from the inability to apply
restraint in the context of normally adequate
socialization. Another type of “hyperactivity”
is the profound curiosity which sometimes
drives the talented child to continually chal-
lenge the bounds of boredom, perhaps along
the way incurring the displeasure of some adult
who finds him “hyperactive.” Nor is the un-
deractivity of the dreamy genius the same as
the hypoactivity of the forlorn child. These are
distinctions which can be made only as part of
a pattern of findings, and for this task the hu-
man observer far surpasses mere quantitative
recordings of changes in physical energy by
means of the motion actometer or couinis of
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small units of behavior. Some authors speak
of this as motivated activity, and relate it to the
goals and purposes of the actors within a social
context.

It is not surprising that there should be dis-
agreements among different operations for as-
sessing activity level. The human observer may
think he or she is as sensitive as the pendulum-
driven watch spring which records changes in
acceleration. The observer is really sensitive to
different dimensions; to the meanings, goals,
proprieties, and social codes which constrain
behavior. The observer can detect when an
event is a reward, a punishment, or a coercion,
and grasp the nature of physical or social pain
which drives and constrains particular behav-
iors. Whether the observer is the actor or the
other, the patterned appropriateness of activ-
ity is best judged by them. When the mother
says her child is overactive, she may mean, “For
me, in this house, at this time of my life, with
my level of patience, and my expectations of
behavior, this kid is driving me nuts.” Excel-
lent, then, as a measure of social appropriate-
ness and expectatioii, such judgments may be
meaningless with regard to quantitative meas-
ures of energy expenditure.

These measures make independent contri-
butions to the prediction of behavior. It is per-
fectly appropriate to ask parents whether their
child is up and down at the dinner table a lot,
but it is cultural norms which prescribe when
a certain level of ambulation during dinner is
too much, and which also govern the sanctions
that shape the expected behavior. The abso-
lute level of energy consumption is only dimly
related to many of these social variables. We
may well expect to find, then, that corr;lations
among measures of socially defined inappro-
priate activity and counting methods (“meter
reading”) of physical energy are low. Barkley
and Ullman (1975) found that activity meas-
ures tended to correlate with each other, but
the relationships were small in magnitude, and
differed according to the type of sample. In
general, though, hyperactives tended to show
a globa! hyperactivity which generalized across
settings, but this was not true for nonhyper-
active clinic patients and controls.

We believe, then, that there is a role for
quantitative measurement of activity level as a
trait whose interactions with drugs is quite
meaningful, both as independent and de-

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

pendent variable. There is also a role for self
or other judgments of risk-taking, drive, sen-
sation seeking, and curiosity behaviors which
need to be considered equally carefully, Lack
of restraint, or inhibitory capability may not
be the same thing as innately high drive level
towards activity., The rubric of “activity” sub.
sumes many distinguishable notions.

Researchers in psychopharmacology need
to be aware of the properties of the various
measurement methods and make a judicious
choice based upon the requirements of the
specific problem and setting. The study of ac-
tivity is, unfortunately, a methodologic mine-
field. (Though slightly outdated, one of the
best reviews of methodologic issues in activity
level research is the comprehensive chapter by
Cromwell et al., 1963.)

Rating and Self-Report

Ratings are the method of choice when cost
and feasibility are severely limiting factors, and
when what is required is an estimate of the fit
between the temperamental trait of activity level
and the family, Little will be said here regard-
ing these methods since they arc discussed
elsewhere in this volume.

The Werry-Weiss-Peters checklist (WWP) has
been successfully employed as a drug-sensitive
measure in a number of studies (Werry, 1968,
Werry et al,, 1966). This scale records the
impressions of parents regarding a child’s ac-
tivity in a number of settings, such as mealtime,
television watching, play, sleep, and social set-
tings. The scale has been factor analyzed (Routh
et al., 1974), and there is little agreement be-
tween activity levels displayed in one home sit-
uation and those in another. Rated activity was
found to show an aimost perfect linear de-
crease in scores across the age range from 3
to 9 in normal children. Interparent agree-
ment ranged from 0.16 to 0.58 (median = 0.33),
and sex was nonsignificant as a variable. Al-
though a similar monctonic decrease in activity
was found for direct observation in a play-
room, there was no significant relationship be-
tween the two types of measures. A similar
finding was reported by Barkley and Ullman
(1975). These findings imply that one should
use this scale not in place of other methods,
but as a complement to them. In the absence
of more sophisticated (and costly) techniques,
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it provides a straightforward assessment of ac-
tivity in the home setting which makes it at-
tractive in psychopharmacologic studies.

The Conners teacher and parent rating scales
each have a “hyperactivity” factor which has
proven drug-sensitive and diagnostically use-
ful. Along with the 10-item abbreviated scale
these methods have been extensively studied,
and their ease of use makes them irresistible
as “quickie” measures which allow comparison
with a large normative database and many pre-
vious drug studies. But extensive use has also
documented the variable and inconsistent re-
lationship of such ratings to other methods,
and caution is recommended in exclusivel: re-
lying upon ratings since they are sensitive to
context, informant, practice effects, age, and
SeX.

Buss et al. (1980) have provided a Q-sort
method for descriptions of children at the pre-
school level, including energy, restlessness,
fidgetiness, caution, aggressiveness, and asser-
tiveness, which shows good validity with ac-
tometer measures.

The concept of “impulsiveness” has a close
relationship to activity level. Eysenck et al. (1984)
have recently published a comprehensive nor-
mative study on 1,505 7- to 15-year-old normal
children, using a self-report questionnaire.
Factor anaiysis showed that the same factors
emerged for boys and girls, and confirmed the
expectation that impulsiveness consists of two
distinct factors: impulsiveness in action or
speech, and venturesomeness (including risk-
taking and sensation-seeking). Reliabilities and
factor homogeneity are excellent, and the scale
may prove useful as a descriptive measure for
subject samples, though it seems unlikely to be
drug-sensitive given its trait-criented nature.

Direct Observation

Recording of free-field activity in playroom
settings has provided valuable information re-
garding both nnormal and hyperactive children
(Hutt & Hutt, 1970; Milich, 1984; Pope, 1970;
Routh et al.,, 1974). Generally, these methods
require that the room be marked off into grids
from which crossings can be calculated. An
excellent guide to the development of such
methods may be found in Hutt & Hutt (1970).

As described elsewhere in this volume, the
observational scale by Abikoff et al. (1980) is

recommended as a reliable and valid measure
of gross and minor motor behavior within a
classroom setting when tramed observers are
available.

Mechanical Methods

Schuiman & Reisman (1959) were among
the first to apply the actometer to clinical child
studies. The actometer is a wristwatch which
has been modified so as to be sensitive to changes
in acceleration. The validity of actometer
measurement has been seriously questioned by
Johnson (1971) who reported that when two
actometers were attached to the wrist of some-
one using a hammer, the more distal actom-
eter nad significantly higher readings, sug-
gesting that arm length may be a confounding
variable. However, methodological studies have
shown that arm length in young children shows
no relation to results, and that although re-
cordings from a single actometer are some-
what unreliable, reliability increases rapidly as
more than one actometer is measured and sev-
eral samples are recorded (Eaton, 1983).

Considerable data support the validity of ac-
tometer measurement, though there are some
conflicting data. Following a suggestion by Bell
(1968), Halverson and Waldrop (1973) studied
indoor and outdoor play activity in preschool-
ers, finding significant correlations across set-
tings as well as significant relationships with
teachers’ ratings of activity. Importantly, the
sex differences in activity were detected with
the actometer but not with teacher ratings. Sex
and age effects were found for staff ratings as
well as actometer scores. Actometer and teacher
scores were also significantly associated in a
study by Buss et al. (1980), who found that
actometer measures remained consistent across
a 4-year age span. Stevens et al. (1978) also
found that actometer scores correlated strongly
with mother and trained clinical staff ratings
of activity level. Milich (1984) found good in-
tra-subject stability coefficients for actometers
over a 2-year period, but only for restricted
settings (r=0.47) and not free-play.

Kendall and Brophy (1981) examined the
interrelationship of teachers’ ratings (Conners
Hyperactivity factor), a stabilimeter chair, and
wrist actometers. The rating factor was signif-
icantly but modestly associated with the acte-
meter (r=0.26) but not with stabilimeter or
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behavioral observations. The actometer cor-
related well with the stabilimeter (r=0.65) and
the behavior observations (r=0.53). The sta-
bilimeter also related well to the behavioral
observations (r=0.58). It should be noted that
the sample was normal school age children
(N=49), of whom only 10 would have quali-
fied as hyperactive on the Conners scale. Again,
age and sex effects upon activity level were
noted.

Actometers have been used successfully as a
drug response measure by Rapoport et al.
(1980), who measured truncal activity in a cog-
nitive testing situation with amphetamine-
treated normal and hyperactive boys, and nor-
mal adult men. This actometer uses a solid-
state memory and allows continiious measure-
ment over time, with readouts at selectable time
intervals (Colburn et al., 1976). The sensitivity
of this instrument was indicated by the fact
that the normal adults showed activity de-
creases with drug, even though they had low
levels to begin with.

One of the most important applications of
this actometer was by Porrino et al. (1983a),
who used the continously recording actometer
over a l-week period with hyperactives and
normal controls. Using recordings from con-
secutive 1-hour periods, they found that the
hyperactives were more active in all situations,
including sleep. The breadth of sampling made
possible by this method effectively eliminates
much of the unreliability which occurs from
sampling in short intervals in unrepresentative
situations. They found that activity during
school was the best overall discriminator of the
clinical groups. Importantly, this method al-
lowed the investigators to demonstrate that ac-
tivity and attentional (CPT) measures were
independently contributing to the discrimi-
nation between groups, misclassifying differ-
ent subjects: the motor measure misclassified
older hyperactives who tended to move iess,
while the CPT misclassified younger controls
who had difficuity with the CPT. In addition,
the measure was highly sensitive to stimulant
drug effects, with powerful interaction be-
tween situation and effect (Porrino et al., 1983b).

Resources for Actometers

Several sources are available for continu-
ously recording actometers:

PSYCHOPHARMACOLOGY BULLET]y

m

1) The NIMH actometers developed by Col-
burn et al. (1976). These are apparently not
directly available but could conceivably be
manufactured according to the specifications
reported in the original article.
2) Mr. Gary Mathews

KFM Corporation, Inc.

c/o Western Psychiatric Institute and Clinic

3811 O’Hara Street

Pittsburgh, PA 15232

(412 624-2353)
Have the rights to the NIH patent for non-
government use.
3) Precision Control Design, Inc.

646 A. Anchors Street

Ft. Walton Beach, FL 32548

(904 224-1923)
Advertises complete monitor and microcom-
puter readout support.
4) Ambulatory Monitoring, Inc.

731 Saw Mill River Road

Ardsley, NY 10502

(914 693-9232)

5) Vitalog Corporation

1058 California Avenue

Palo Alto, CA 94306

(415) 365-1100)
In addition to the cost of the actometer, a mi-
crocomputer is required for displaying and
analyzing the data.

Several versions of the wrist accelerometer
have been available in the past from Timex.
However, Timex no longer markets these. They
are presently available from:

Kaulin & Willis
282 Watertown Road
Middlebury, CT 06762

The model 100 is a wristwatch which is sen-
sitive to motion along the 6 to 12 o'clock vector.
They sell at a cost of $130, with reductions in
price for larger quantities. A more useful ver-
sion for children, the Model 101 motion re-
corder, is identical to the Model 100 except
that the recorder hands cannot be set. This
renders the recorder tamper proof from un-
supervised children (who generally will wish
to try and fiddle with the hands).

To those researchers embarking upon the
mechanical measurement of activity level, some
cautionary notes are indicated. First, most of
the recorders need to be independently cali-
brated, and in the case of the watch varieties.
this may need to be done often. Second, equip-

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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gl particularly sensitive to environmenta] condi-
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ment breakdown is frequent and somewhat
unpredictable. The electronic versions are
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tions; and showers, fights, and miscellaneous
mishaps of childhood render their unsuper-
vised use both costly and frustrating.
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The hyperactive syndrome in school-aged children has become
one of today’s major mental health problems. Estimates of the
prevalence of the syndrome indicate that from 5% to 20% of the
viementary school population are affected (Cantwell, Note 1).
Evidence is beginning to accrue that links hyperactivity in
childliood with later disorders in adolescence and aduithood
(Menkes, Rowe, & Menkes, 1967). In school and at home children
with hyperactive behavior are extraordinarily difficult to man-
age and cemand an inordinant amount of a parent’s and a
teacher’s time. Although many children may be treated success-
fully with stimulant medication, this practice has been hotly
debated in the press and in professional publications (Grinspoon
& Singer, 1973).

Over the last fifteen years an extensive body of studies on the
tqpic of hyperactivity has accumulated, most of which have
either described the condition or have evaluated the effective-
ness of various treatment regimens for helping children control
and change their behavior. Research will undoubtedly continue
In this area as new treatments are devised, e.g., diet regulation
(Conners, Goyette, Southwick, Lees, & Andrulonis, 1976), and as
new medications come onto the market. Other research trends
are the prediction of response to medication and the determina-
tion of subgroups of hyperactive children on the basis of etiology

or other diagnostic information.
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cvaluations of medications for use with hyperactive children.
ftecause of this focus, extensive information on reliability and
nlidity is not present in research reports. In many cases the
mstruments are used because they are 2 part of a standard
assessment battery given to each child admitted to a clinie, and
were not especially selected as instruments to study.

Dimensions of the Hyperactivity Syndrome

The hyperactive syndrome consists of the following pattern of
symptoms: high activity level, low attention span, impulsivity,
apgressive behavior, excitability, and emotional lability
(‘antwell, Note 1). In addition many children have learning
Jifficulties, although others do not. These traits are most com-
monly listed in clinical descriptions of hyperactive.children
{Lambert, Windmiller, Sandoval, & Moore, 1976) and are the most
usual child characteristics assessed in clinical trials of medica-
tion with hyperactive children. Activity level is the most
straightforward attribute to measure because hyperactivity in
children implies excessive and uncontrolled physical movement.
The attentiveness-distractibility dimension is seen by many in-
vestigators to be the key factor in describing hyperactive chil-
dren (e.g. Conners, 1972b; Douglas, 1972). Conners, for one, feels
that all other symptoms in hyperactive children can be traced
back to a deficit in this area. Impulsivity is often differentiated
rrom distractibility as acting without thinking and has been
documented by the Montreal group as being & critical aspect of
hyperactive children (see Douglas, 1972). Other investigators
have identified poor social relationships, excitability, mood
swings, and aggressiveness as peing key defining traits of
hyperactive children (Conners, 1970).

Organization of the Review

Measures of all these attributes have been used in studies of
hyperactive children. The measures themselves can be classified
into five types: (1) behavioral ratings, (2) observation schedules,
(3) direct physical measurements, (4) simple performance tests,
and (5) higher-order cognitive tests. In the following pages, T will
review the reliability and validity of instruments of cach type as
they have been established in a variety of research investiga-
tions with hyperactive children.

This review does not exhaust the list of all of the measurcs that
have been used to evaluate hyperactive children. Instead, the
most commonly used simple procedures have been emphasized in
the review, and procedures using elaborate equipment have been

deemphasized.
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The Validity Problem

The validity of an instrument for assessing an aspeet of
hyperactivity in children may be established by its ability to
distinguish between normal! and hyperactive children, by its
ability to distinguish between children taking medication and
those receiving a placebo, by its correlations with other concur-
rent measures, and by its internal dimensional structure. In all
cases, the instrument in question must have face validity with
respect to one or more of the symptoms of the syndrome.

The first validity criterion is obvious. A measure must dis-
criminate between children labeled hyperactive and children
who are not. However, to be a thorough test, the group of
hyperactive children must be so categorized on the basis of a
score on a measure or on the basis of a completely independent
procedure that has nothing to do with the measure being vali-
dated. In most instances children are considered hyperactive on
the basis of the physician’s diagnosis. The fact that an instru-
ment discriminates between two particular groups means little
until the inctrument can be cross-validated with different
groups. Anotner consideration for validity evidence is that the
hyperactive children must be off medication at the time of
testing. In many of the studies reviewed, it is not clear that this
drug-free condition was obtained.

The second and most common method of establishing validity,
that of comparing the scores of medicated children with placebo
or nonmedicated hyperactive children, is informative but de-
pends on the assumption that a particular medication is effective
in changing hyperactive behavior. The danger here is that most
medications are evaluated on the basis of change scores on the
instruments. The circularity of definitions may be entrapping.

Aside from the physician’s diagnosis of hyperactivity, another
form of concurrent validity is the extent to which an instrument
correlates with other measures of hyperactivity. This is a useful
method of establishing the utility of a measurement technique as
long as the second measure has established validity. The fact
that two measures of behavior correlate does not mean that
either measure necessarily has any relation to hyperactivity
unless one measure has been independently validated. '

The sensitivity to active medication is just one form of con-
struct validity. But construct validity, always difficult to estab-
lish, is even more difficult to establish with the hyperactive
syndrome. There is little consensus and less unchallenged re-
search about the condition that permits the prediction of rela-
tionships. For example, should hyperactive children perform
better on an instrument as they grow older? Several inves-
tigators (e.g., Mendelson, Johnson, & Stewart, 1971) have ques-
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xment, and even lower, nonsignificant correlations with actome-
tor leg movement and a measure of the amount of time the child
wns in motion in the playroom. In the same study, the BRS was
not correlated with the Davids (1971) scale or the Bell scale (Bell
of al., 1972) although these latter two scales correlated .74.

The factor structure of the BRS scems to be consistent with
our notions of hyperactivity except that factor IV includes items
reflecting both activity level and impulsivity. In many situations
it would be preferable to keep ratings of these two attributes
separate. In addition, the factor labeled Anxiety (1) is lacking
in validity and adds unnecessarily to the length of the scale,
Recently the ATRS rather than the BRT has been used in
clinical trials, perhaps because it is shorter and excludes many of
the Anxicty and Sociability items. The global score from this
rating would probably be a sensitive measure for use in drug
trials, but it is too undifferentiated for other usas.

The second rating scale that has good reliability and validity
data for hyperactive children is Greenberg’s Hyperactivity Rat-
ing Scale (]IRS) (Blunden, Spring, & Greenberg, 1974; Greenberg,
¢t al,, 1972; Spring, Blunden, Greenberg, & Yellin, 1977). The
carlier version of this measure consisted of 40 items divided into
10 categories of four items each rated on a 4-point Likert scale.
The categories are: Restlessness, Impulsiveness, Distractibility,
Low Concentration, Low Perseverance, Irritability, Resentful-
ness, Cheerfulness, Social Participation, and Verbal Expression.
These categories are not indicated on the rating form, and the
items appear in a random order. The ten categories when factor
unalyzed yielded three interpretable factors: I, Hyperactivity,
composed of items in the first five categories; II, Hostility,
composed of Irritability and Resentfulness category items; and
111, Sociability, composed of items in the last three categories
(Blunden et al., 1974). This factor analysis was performed on a
group of normal kindergarten boys, not a hyperactive sample,
and perhaps, as a result, like the Conners BRS, impulsivity is not
differentiated in the factor structure from activity level or from
attentiveness. Aggressiveness (Hostility) and Sociability, how-
ever, are defined by items on the scale, but this last factor has
poor interrater reliability.

The earlier version of the HRS was revised by Greenberg and
Spring (Spring et al., 1977) to eliminate as much as possible items
related to the factors of Hostility and Sociability. The new
version consists of eleven categories, each containing three
items. New items in the categories of Work Fluctuation, Excita-
bility, Poor Coordination, Fatigue, and Rapid Tempo have been
added to the scale; the categories Irritability and Resentfulness
have been collapsed to Negativism; and Low Concentration,
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Fé’lf:ll fxggel;lmo white children on each categoi;cl?;sgisa;g‘ﬁ hid :L:\%lt;n;g and has shown that the first of thlegr? Oxs drug S(:;itél,tl\?\{s
evel. ew version, when it was facto lyzed, did yi Ay 3 J-" , (Conners ct al. 1969). In his 1970 paper
Sought-after Hyperactivit N rana yzed, dld yle!d th(' o DUXC( rine ) . ,. < 1 P b N n]ade up Of SiX
y factor (51% of th ‘i el .t. Conners reports the scale as being ot _up of
ther factor labeled Ext " 9 e variance) and one Drvelopmienits ; isorder, 11 Anxious-inhibited,
h raversion (15% of th iz m tors. 1, Aggressive Conduct Disorder, ti, X10
Interteacher reliabilit S e variance). The (actors, 1, Ag . e tics, and VI
y coefficients for six teacl i | Antisocial 1V, Enuresis, V, Psychosomatics, L
rooms for the Hyperactivit eachers in two class. | b, ! Lo+ in his 1972 - (Conners et al., 1972) he
) e o y factor (computed b e \nyious-Immature, but in his 1972 papet N .
b:therf.he 1at.m.g;s on Restlessness, DiStracfibility {Vo?licdllc‘%ctm '.-l‘uin;cd cight factors, adding an Impulsiveness {actor, d]:r;l Obsg?s
a‘xc;]n, mpulsivity, and Excitability) were as low’ as .15 and U; "~ dve factor, and a Hyperactivity factor and dropping the }nuf?sl
;)g als.d'71 for d¥fferen't pairs of teachers. Further ew/:idence fa“ : factor. All but the Obsessive factor of a short form oét 1e b‘l.c,;lei
.&va idity of this version of the scale comes from significant ox were influenced by Dexedrine and Cylert treatment ( on{\e’ od ¢
;de;gccizslm rlafil'?fgs on the 11 categories 3s well as ethnié grgs'; a1 1972). Arnold and Smeltzer (1974) have ulfscgé_act:%:s:xuz;iﬁt {:
-ievel dillerences o 3 g vordd i a, attractiveness 0 1S st 2 ;
n various categories. version of this scale. The e ¢its nature. Aforcover,

ouded by the inconsistent descrip

Besides validity evidenc
e from the factor str 3 .
structure, Green- ite length, its unknown reliability, and the techmqal nature o

erg's HRS has been shown to be d iti
i _ ) rug sensitive (Yelli i i
g Gllggg)beé}%é I;I;g:e 3) and, in elm observation stufiye(lBl?dr?;(:rllngf: the wording (Sprague & Sleator, 12'63) ma\;e : t;l}?ew\‘r\’c}edt)llv Weiss-
ey YL egory “impulsivity” correlated wi \ The most widely used parent rating scoe o o5, -
mpulsivity although other categories were ated with observed puters Home Activity Rating Scale (TARS) (Werry, Weiss, Doug-
?i?ﬁsen?;):servat}ogal categories. Data are beginning to ac:crIuL1 lus. & Martin, 1966; Werry, 1968). The(H)olr)ne Actlvmylf"-ﬂ(g)n&vi(tg}:
ure, indicating its utility for use in clini i g wntains 31 items in seven settings: (1) During meals, ‘ N
r other purposes, like the Con se in clinical trials; but contailis o "= o) Doi b (4) Playing, (5) Sleeping, ()
e ] ! ners scale, it m if- ‘ner Lalevision, (3) Doing homework, (4) Playing, L2
iloei]nt;xatid t}(; use alone in studying hYp’eracti%i lc):ﬁiiltggelrxln%- Nahaving away f{rom home (except school), and (1) Behaving at
oug e HRS has not been used as widely as the BRS, it school.

ould be considered a contend i . oned to be completed by mental
er for futur : The HARS was orl inally designed to be combl= o, X
e research uses. i nals %luring an interview with a child’s parents.

{One other teacher rati .
I, eacher rating scale has been used in clini X health professio
ilrllrs‘,?tliizttmw;;c‘ation Calmd has sometimes begrfhsnﬁ(c)zgrtl;ntzglsgé l‘,‘sing ihis method, two long-time Cglgoa%‘%es wcrte :lxbllegécg) dILn
o active medication. i s i water reliability of . erry et al .
ion. This scale, the Peterson-Quay monstrate an interrater retia y olres have L ompleted

havior Problem Checklist (P . : _
t ; 4 ; . the parents them
(Peterson, 1961; Quay & Peterson, many studies, however, &e}%)inton, e poport et RETII0)

d Personality Problem. Th i i i
@il ' . The 66 items may be totaled or questionnalre ve . e ;

kis;hbtsscg:]eds }ipcéudxa%egonduct, personality, anda iemrilatl:)\ﬁ?'icg? L:f 33 for 140 pairs of parents of n}ormal chl}di.en].sTg\{)strfilggge};;
: 1d Hinton (19 ) did not find the total d ' comparable to the low interteacher correlatiol g
g sensitive, but others have found t rug scora to be S oring (Spri t al., 1977). The HARS measure has been shown
related with the activit und the total score to be Spring (Spring L & : . Knichts & Hinton, 1969;

X y recorder (pedometer) readi iotor to be drug sensitive (Conners et al., 196Y9; hnig > R
g/em] sg_n, Inoff, & Buczkowski, 1973). Other tha)n the]srégp(izézgoéf" Rapoport et al., 1971; Werry ct al., 1966). According to K;{“t;,,hlti
uttz} ion, there is very little reliability or validity evidence and Hinton, the items most sigmflcan.tly changed under Ritatl
ol 1¢ 5_°a1‘~‘¢ for hyperactive children. were related to distractibility and activity level. od thei
ehavior ratings by parents. The rating scales that have been Routh and his group (Routh et al,, 1974) factor analyze eir

reloped for use by parents are not promising devices for use in short form of the scale and obtained seven factors that accounte
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child “blind,” not knowing whether or not he is in a placebo grg

or an active medication group. The purpose of concealing the
. tatus of the child is to obtain an unbiased rating. But usually
the teacher is asked to rate only one child in the class and cannot
evoid becoming more sensitive to that child’s behavior. As a
result, most studies show the “Hawthorne” or “Placebo” effect in
he fact that, compared to the initial rating, the placebo group is
rated as improved (e.g. Knights & Hinton, 1969). This placebo
offect is particularly true of parent ratings (Rapoport et al,
1971). The change in the placebo children may represent a real
change attributed to the attention of parents and physician, but
it may also result from changes in teacher sensitivity to the rated
characteristics. The difference between the placebo group and
the active drug group may be statistically significant, but the
real difference in terms of meaningful behavior differences may
be quite small.

Most of the ratings consist of leading questions (Stewart &
Haller, 1975) and cover only symptoms that are clearly negative,
none that are positive or positively stated. A better method of
collecting rating data would be to ask teachers to rate the entire
vlass or a subgroup of the class, including the hyperactive child,
on a scale that contained items related to hyperactivity and
items unrelated to hyperactivity.

Ratings may also be improved by providing raters with more
concrete descriptors than the usual Likert scale options of “Of-
ten,” “Somewhat,” or “Not at all” (Mischel, 1968). It is not
surprising that interrater reliabilities are as low as they are,
griven the vague terms used in most scales.

Observation Schedules

From time to time investigators have used observational
techniques to study hyperactive children, usually to assess the.
effeets of stimulant medication. Observers have most often
counted the occurrence of various categories of events. Observa-
ltions have been made in classrooms (Blunden et al., 1974; Dou-
bros & Daniels, 1966; Patterson, James, Whittier, & Wright, 1965;
Sprague, Barnes, & Werry, 1970); and in play settings (Ellis, Witt,
Reynolds, & Sprague, 1974; Rapoport et al, 1971; Schleifer,
Weiss, Cohen, Elman, Cvejic, & Kruger, 1975; Victor et al., 1973;
Whitchead & Clark, 1970) with observers either making fre-

e B e g s, .
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uency counts on the spot or later through viewing a film or
videotape (Ellis et al.,, 1974; Lee & Hutt, 1964; Victor et al., 1973).
Fhe observation variables consisted of high inference global
l'g}tings by observers in some instances (Rapoport et al,, 1971;
Victor et al,, 1973), but usually the variables were counts of the
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gccurrence of specifie low inference be
0 seconds,

The rating scales generally are multidimensiona] and
several different chil attributes, i

served by
areas, then counting the number of times

the imaginary grid (Rapoport et al., 1971, 1974; Routh et al,

19874). Other Mmeasures of activity level were “Velocity of Mov.

ment” (Ellis et al., 1974), “Restlessness” (Blunden et al.,, 1974),

“Number of times up ang out of seat” (Schleifer et al., 1975

Sprague et al., “Whole Body Movement” (Whiteheay &
Clark, 1970), and “Vigor of Play” (Victor et al., 1973), Attentive.
hess was measured by counts of ratings of such variables gy
“Length of Visit to Play Equipment” (Ellis et al., 1974}, anq
“Change of Activity” (Rapoport et al, 1971). Impulsivity has been
included only on one observation instrument (Blunden ot al,,
1974), Mood, excitability, ang sociability havye been observed by
such categories ag “Cheerfulness,” “Social Participation,” “Ver-
bal Expression” (Blunden ot al., 1974), and “Withdrawa]”
(Whitehead & Clark, 1970). Aggression has been measured by
counts of “Aggressive Acts” (Schleifer et al.) ‘and “Physical
Contact” (Sprague et al.,, 1970). No single observation instrument
has been constructed that measures a]] hyperactive child attyi.

haviors recorded every 5,

|
!;.
i
|

1€ interrater reliabilities reported have been high (» = g0
1.00) for such 1

ow inference behaviors as number of grig Cross-
. 1ngs, change of activity, aggressive acts, or times child moves
away from a work table. Reliabilities were moderately high

(71—78% agreement) fop moderately inferential judgments such
as beginning of “impulsive acts.” Highly inferentiy] observationg

such as “mood” have shown lower interrater agreements (50%
agreement or lower),

Two studies attempted to identif
n th i

leagues (1975) were unable to ob
{ mal and hyperactive children in

they were required to play at a table under supervision, the
observationa] measures of activity leve] and aggressive acts did
characterize hyperactive children. Victor and his colleagues

(1973) observed elementary school-aged boys in a free play set-
‘ting but not in 4 structured situation, The;j i

» although in the same study
the activity recorder reading did. Routh et g, (1974), however,

grid erossings may he used to dif-

. i
H = (@ - g 0 = 6'8 8
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rood (_()l:)& the activity recorvder (Victor ¢ -‘\--.’Lin o Jof activity
ted with have corrclated with teacher u; ->i?v-1tions have
observations rt( ot al., 1971, and impulsl}’l_ty O)SL'a‘)‘ilitV atton.
jevel (Ragoppth teacher ratings of impulsw(’ty, Scicl the Blunden
Cf)1-1~e13t§ :Z:‘,ivity level (Blunden et al., 1.)741). ~ilt1ability Cheor-
o a{] v;ever ohscrvatious of Restlessnelssfa -nl-esdon ’did not
?3Tz(xlgs,smSocia1 ’ Participation, ang irYeI;‘é)l?th’%hs;’Zudi;s grid cross-
o i : ratings, an . ‘ ot al., 1974;
Fmreg":ger?:;tthcg:ﬁg&iz with parent ratings (Routh ct a
ings .
X . » studying
ROUH?’ I'\JOtteigzml methods are valuable t_otoliosf&ly.s()bsewer
eractive ehildren They ere, however, quite costl reliability.
i\)’p(ﬂ.d; :Xist be extensive to obtuml}}tlgh ltmﬁ;;:eacontext of the
ramning . ‘eful to note .
P S, s must be care X ;ervation
Putm.e]?i\i;ftlfsflorshould include operatxoncz;liv;)tf;se
?fbs\c: vr?es covering all the attributes of hy;')enrda Fowler (1967) in
categor res of physical activity. Mx!hchapha’ ractivity suggest
;1"'_w.su t{ﬁodological review of stughes on :\pc\ uation stadies
their r‘n‘e t measures of activity be included in L\tfd 't':f in children
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care {t “in a helmet worn by the chi. Lo Sbrague, ©
tl;;anslm q%lf) Herron & Ramsden, 1967). MOht-OI estigators of
):vlclz;’(,én used with retarded children, however. Inv
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dvity in settings requiring attention, The results with the three
measures might have been similar if they had been used in the
ental contexts.

are, respectivel : o '
ter), a two-dimgﬁ a modified self-winding wristwatch ( § iame experim
child's shirt back (il}?nal pedometer-type device att:acheé1 Ctt"mc- Because of the possibility of instrument unreliability, the
with sensitive mic e activity recorder), and a cushion emb Od the cxpense of the equipment, the obtrusive nature of some instru-
seated. The act roswitches to detect any squirmi edded onts, and the problem of determining or controlling the context
machin.e (Saxog gnéster is very reliable when att;‘éﬁ%dwth”o of measurement in a field study, direct measures of physical
when attached to a ﬁ?l’(‘les, Note 2; Schulman, & Reisman 19.9(]’ wctivity are less attractive than other diagnostic instruments.
device was unreliaf)k: h};%\:eve{, Johnson (1971) concluded Zh)e

port et al. (1971) noted that the Simple Performomnce Tests

sual-motor or performance measures. Four stan-
motor measures have been used in the assess-
ment of hyperactive children: the Bender Visual Motor Gestalt
Test, the Frostig Developmental Test of Visual Perception, the
fluman Figure Drawing Test, and the Porteus Maze Test. Since
these measures are often used by psychologists in the schools,

horizontal and verti

late .49, whi rertical measures of the activit

e }%ﬁgsénilgggisr e«;nly' moderate reliabbi’lirti’cofz%ezhcizrirﬁ.

haTvtlxr:ag q;: estionable reliabiiit? a result, must be regarded as

ac .

tions by ﬁ!irllﬁtcirahaad 'L?ﬁgn used in three clinical tests of medi

earlier study wi ! with mixed re S

small nu;bi;v ;tfhsgg;ngy’thﬁ .fOUnd an incrcase igsztlﬁ'wi; h}l‘”‘ they are of particular interest although other performance mea-

taking a pl ects taking Ritalin com n e surcs also have been used.

instrumegtag?dbo' In }_HSOSecond study (Miuichfpazd lto subjects The Bender Gestalt, commonly scored with the Koppitz system,
id not distinguish between children -~ 1998) tfhe seems to be a measure of both perceptual accuracy and motor

on medication coordination. In addition, receiving a low (good) score on the test

and the same subj :
jects taking a
g a placebo 8 though scores did seom anning and monitoring of behavior and atten-

Common Vi
dard perceptu al-

. todistinguish .
 ctady t fe Chilbdfit;;eirlloclglldrqn on and off medication. In his 1974 requires some pl
were less active on st active before treatment with Rit 1.‘ tion to detail. Of the various aspects of hyperactivity, the Bender
on medication, whereas some children 223 . score is perhaps loosely related to attention and impulsivity.
%) \{ost investigators, however, have included it in their test bat-

f mptor-coordination. (Others, such as Page,
& Michelli, 1974, have used the Lincoln-
gure of motor development.) Large scale

teries as a measure o
Bernstein, Janicki,

at the start di !
Ritalin, id not have different actometer readings und Oseretsky as a mea
The activity recorder h er \udics using the Bender Gestalt have not shown the measure to
er has been validated with h Y he sensitive to medication (Conners & Rothschild, 1968; Conners
yperactive et al., 1969; Conners et al., 1972; Conrad, Dworkin, Shai,

child i S dioes

Eyperraeéréi\:: aﬁha;olghg;s;;zc%pis%es between teacher-judged
oes not ive boys (Victor et al. .
Stab ilimeat.;gipce%utsc;l be drug sensitive (Rapoport eiléllgfg,;’l)b ‘f&’t Millichap et al., 1968; Rapoport et al., 19713 Winsberg et al., 1972)
(Sykes et al., 197! ion not only differentiates bet y - he or to differentiate normal children from hyperactive children
stimulant Ri 71), but it also seems to be d etween groups (Palkes & Stewart, 1972) Dykman and his colleagues (Dykman
e i R e e evart, 1912, DY, hovever, wore sle i
Although th.ése th; Sprague et al,, 1974). ) 1dazine d{!monstrate that the test could differentiate between learning

| use in research sebti ee measures are superficially similar, thei disabled children and normal children but warned that the
} ter and Activit ettings has been quite different. B , their difference occurs most in younger children who draw the figures
%situations ;X‘Oi”g‘e:o;ger measurements have been &t:déf:orlne: “too rapidly, leading to careless reproduction (p. 47)." Evidently
| however, has been em l-hour p.erlod.; The Stabilimetric CUShpi a,f the test has value to the extent that it measures impulsivity in
 psychologi ployed with children enga i o some children; however, there are perhaps better measures of

gical tests. As Sroufe (1 ngaged in engrossing } ivi

e (1975) has pointed out, it may well impulsivity. £ d dination is th
y erception and coordination is the

be that stimulan i
c! t, 3
medication has the effect of increasi et . Another test of visual-motor p
sing activity Mavianne Frostig Developmental Test of Visual Perception. The

in situations demandi i
ng little concentrati i
tion but decreasing ac- _ Frostig yields an overall perceptual quotient based on scores on

Tobiessen, 1971 Greenberg et al. 1972; Knights & Hinton, 1969;
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fx.ve subtests: eye-motor coordination, figure-ground diseriming.
tion, fgrfn constancy, position in space, and spatial relatiny.
F.actorlm.spudles of the test indicate that the jtems are tapping ;
single ability, global visual perception skills (Mann, 1972). 1p,
three out of four instances where the Frostig was used the
perceptual quotient wag drug sensitive (Conners, 1972¢; Con’n(nrq
et al., 1969; Conr_ad et al,, 1971). In the fourth study (Millichap 0',
al.,_ 1968), _the _ figure-ground subtests, differentiated betwuer;
active medication and placebo. This subtest was not drug sengj.
tive in t;hg s_tudies by Conrad and Conners and his associates buy
tests, Position in Space (Conrad et al., 1971), and Spatial R'elu-
tions (both Conrad et al., 1971 and Conners et al., 1969) were drug
sensitive. (It should be noted that Conrad selected his subjects on

' the basis ofg low Frostig perceptual quotient.) The Frostig scoms
to be re_flectmg Some aspects of the attributes of hyperactivity,
Inspectlon. of the test indicates that attention to detail in the face
of“dlstractmg stimuli is at the core of the figure ground test. byt
glomg well on all of the tests depends on refraining from resp’ond-
Ing impulsively.

The Human Figure Drawing test has long been used as a
nonverbal measure of intellectual functioning as well as a clinj-
cal tool for assessing various intra- and interpersonal dynamics,
The test, when scored by the Harris—Goodenough method, {rivcsh
chllq credit for recollecting and including in his drawing various
_detaﬂs of a human figure. When the performance on the drawing
IS given an 1Q score, the test was sometimes drug sensitjve
(Conners, 1971; Millichap et al.,, 1968) and sometimes not (Green-
berg et al,, 1972; Page et al,, 1974; Rapoport et al., 1971; Rapoport
et al., 19'74). W_hen the measure is used in clinical trials with
hyperz}ctlve children, bresumably it is used as a measure of
attention to detail rather than as an intelligence test. There is no
reason to suspect that short-term drug therapy would affeet
ability per se (Conners, 1972a), although it may affect attention,
concentration, and impulsivity, which would lead to improved
performance on the measure, This notion is supported by the
fm_dmgs of Palkes and Stewart (1972) who found that hyperactive
chllfjren scored lower on the Figure Drawing Test than normal
subjects .when WISC I1Q was partialled out. In addition, in one
study (Millichap et al., 1968) the drug effect was strongest for
children who had initially scored low on this measure, but were
othersze average in intelligence. ’

T\Yo Investigators have departed from the Harris-Goodenough
scoring n_uet}}od with mixed results. Conners (1971) found a

communication organ” score to be drug insensitive. Crowe
(1972) using a “fo'rmal accuracy” score, found the Figure Draw-
Ing test could distinguish hyperactive children from normal

children and wag drug sensitive., Presumably Crowe'’s results also
reflect attention to detail,
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Although the Human Figure Drawing may.be u§eful in drug
studies as a measure of attention r;tther t}_xan mtelhgen.ce, there
are more direct measures of attention available fox: use in follow-
ing the progress of hyperactive children. The clinical usc of. the
test will probably continue in the scarch for new understandings
about these difficult children, .

The other common standardized pgrformance test used to
aesess hyperactive children’s behavior ls.the Porteus Maze Te§t.
This performance test consists of a series of mazes graded in
difficulty that yield an 1Q score (variously known as the quan-
titative score, the Test Quotient, the Test Age score and the
T-score), and a Qualitative or Q-score. Both scores have been
used to evaluate hyperactive children. Pot:teus mamtnm_s.thut
the IQ score is a measure of foresight, planning, and the le]lty t‘:o
profit from experience. A reviewer (Horn, 1?72) descylbe.s this
score as the “capacity or inclination to sustain attention in the
fuce of the difficulty involved in resolving moderately compl(.:x
spatial relations” (p. 756). The T-score.has been_ shown to dif-
ferentiate hyperactive from normal subjects (Spring et al_., 1976)
and in clinical trials with cerebral stimulants, the T-score is drug
sensitive (Conners, Eisenberg, & Sharpe, 1963; Conners &

Rothschild, 1968; Conners et al., 1969; Conners et al.,, 1972;
Epstein, Lasagna, Conners, & Rodriguez, 1968). .

The Q-score, on the other hand, is generally Juc;ged to be
“indicative of impulsivity or impetuousness—an inability or un-
willingness to refrain from behaving in a ha;;ty, slapdash man-
ner” (Horn, 1972, p. 756). A child may reccive a high Q-scgre
because of several different types of performance such as going
too rapidly, not following instructions, or general c:'n‘elessness in
motor performance. Some of these behav;ors fall into the cate-
gory impulsiveness, others do not. Thus a high Q-score may reflfect
various qualitative behaviors in contrasttoa high 'I_‘-scoz'e, which
is purported to be a measure of planning or atter}txon.. )

When the Q-score has been used as a variable in chmgal drug .
studies, it has not been found to be drug sensitive {Epstein et al.,
1968; Rapoport et al., 1974). Palkes, Stewart, and .Kahana (1.968)
in an interesting study illustrated that byperactlye boys given
training in verbal mediation to inhibit impulsive behavior
showed improvement as reflected in the Q- and T-scores of t.he
test. This was, however, the only evidence of construct validity
discoverable.

In sum, these four common psychological tests seemn only
indirectly to measure attention and/or impulsivity. Tl}ey are not,
of course, measures of aggression, sociability, activity level,
excitability, or mood.

Laboratory measures. More specialized performance measures
have been explored in laboratory settings. A group of inves-
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awasures of attention. Spring, Yellin, and Greenberg (1976) have
mpgested two alternative measures on which hyperactive chil-
dren differ from normal children, and which could be used in field
dudies. They are extended versions of the Digit Span Forward
and Coding subtests of the Wechsler Intelligence Test for Chil-
dren. As they are longer than the versions on the standard WISC,
each becomes a measure of short-term memory and sustained
stiention, but one, Coding, is drug sensitive, and the other, Digit
Span, is not. Spring argues that Digit Span may tap an aspect of
attention and memory that is an enduring characteristic of
hyperactive children whether or not they are treated with medi-

ration.

Higher-Order Cognitive Test Performance

Numerous studies have related hyperactive behavior to cogni-
tive test performance. Although other tests have been used, 1
will concentrate on the Wechsler Intelligence Scale for Children
(WISC), the Matching Familiar Figures Test (MFF) and the
FEmbedded Figures Test (EFT). The WISC, of course, is a widely
vsed measure of intellectual functioning that is routinely ad-
ministered to children experiencing difficulty in school or enter-
ing child guidance clinies. As a result, it has been included in
many studies on medication, not as a measure of intelligence,
usually, but as an index of improvement in attention and con-
centration. The MFF and the EFT are measures of the cognitive
stvles of Reflection-Impulsivity and Field Dependence-
Independence.

Because of its common use as a clinical instrument, it is
surprising that more investigators have not sought subtest
patterns on the WISC to use in differentiating hyperactive
children from other populations as well as examining the Per-
furmance IQ score, the Verbal IQ test score, and the Fuli Scale IQ
score, for different groups. Keogh and her associates (Keogh,
Wetter, McGinty, & Donlon, 1973) divided the WISC subtests into
& Verbal-Comprehension score made up of the Information,
Vocabulary, and Comprehension subtests; an Analytic-Field-
Approach score, made up of Object Assembly, Block Design, and
Picture Completion; and an Attentional-Concentration score,

made up of Arithmetic, Digit Span, and Coding subtest. Hyperac-

tive subject’s scores were depressed on the Attentional-

Concentration score, but not on the other scores (cf. Spring et al.,

1076).

In another study examining subtest patterns, Palkes and
Stewart (1972) found that Similarities, Picture Completion, and
Mazes scores of a control group were significantly higher than
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" The problem of susiained aftention and |mpu|so

con!rol in hyperactive and normul chlldren"’r

VIRGINIA I. BOUGLAS .“ o
McGil! University and the Montreal Childrcn's HOspital o o

'ABSTRACE

.

A research programme was undertaken to investigate the specific disabilities of hyper-
active children and to evaluate the effectiveness of one of the stimulant drugs on the
measurcs found to differcntiate between hyperactives ind normals, It is argued that a

core group of symptoms involving inability to sustain attention and to control impulsi-
vity can account for most of the deficits found in the hyperactive group. It also appears
that the stimulants exert their maip cffect on these deficits, Corrclational and factor
analytic studies suggest that the same constellation of abilities underlies the behaviour
of normal children in several areas of cogaitive and social functioning,

Over the past several years, together with psychiatric colleagues at the
Montreal Children’s Hospital,! my students and I have been studying
children whose presenting symptoms have led to a diagunosis of “hyper-
activity” or “hyperkinesis.” Typically, the parents and teachers ‘of these
children complain that they are “always on the move,” seem unable to
concentrate, and are overly impulsive. Typically too, the hyperactivity has
been present from infancy or very early childhood. I would like to review
for you some of the things we have lcarned and some of the questions we
have mot yet been able to answer, because I belicve that these children
present a challenge not just for the clinical psychologist but for the devel-.
opmmtnl educational, and physiological psychologist as well.

One of the first difficulties involved in trying to talk about the hyper-
active syndrome is the problem of establishing a diagnosis. The literature
has relicd heavily on clinical descriptions and; to complicate maticrs
further, these descriptions often overlap considerably with those given for

° Pres:dcntml Address, presented to the Canadian Psychologital Association, St -
John'’s, Newfoundland, June 1971,

b ‘This rescarch was supported by Medical Rescarch Council Grant No. 3a-1577,
Canada Council Iesearch Grants Nos. 60-0664 und 68-1590, and a grant from the
Ciba Pharmaceuticul Company, Dorval, Quebec.

1 In the early years of the project we worked in close collaboration with Dr G,
Weiss and Dr |, Werry of the Department of Psychiatry at the Montreal Children's
Hospital. In more recent years Dr K, Minde and Dr G. Morgenstern, also from the
Department of Psychiatry, joincd our research team. T have found this a most rewarding
venture in “interdisciplinary researcli” and I wish to express my sincere thanks to all
of these colleagues.

Canap. |. BEntav, Scr./REv. cANAD, Sci. coxr., 4, (4), 1972
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children suffering from “minimal brain dysfunction” and “specific learni:

pular, . -

We had hoped that it‘might be possible to ﬁn.'d'reasonably obieéti' St

ve

measuring activity level are now available. However, as we have learned .

" more about hyperactive children, we have come to belicve that hyper- -3 /7
' activity is only one of a constellation of critical symptoms. I hope to con: v
- - vince you that t;llié_.;i‘nability;pf these_ children to sustain attention and to': A
keep impulsive Tesponding under control may be even more important -
symptoms. Other investigators { Cromwell, Baumcister, & Hawkins, 1963; -
. Werry & Sprague, 1970) have also expressed doubt about relying too

heavily on simple measures of activity level. It appears that it may be just " :;

TS

‘ * eriteria for making the diagnosis, particularly since many techniques for -} .

]

i
’

as important to consider the quality of the hyperactive child’s behaviour- o

as its quantity. Because of his short attention span, he tends to flit from -
- one goal to another. As a result, his behaviour is often fragmented and dis-- =
-~ organized and these qualities may contribute to the impression of excessive ., -

activity. Thus, we decided that, at least in our carly work, we would rely

~ on the reports of parents and teachers and the judgment of experienced

clinicians in choosing the subjects to include in our studies.

We have tried to keep our samples as homogenous as possible. In each
case, hyperactivity had to be thé major presenting complaint and the
hyperactivity had to have been present from very early childhood. Both
the children’s parents and teachers had to report that it was excessive
enough to be interfering seriously with adjustment. Children who were
rotarded were excluded, as were those diagnosed as ncurotic or psychotic.
We also ruled out children who had historics or clear symptoms of brain
damage. Because brain damaged children are often hyperactive (Rosen-
feld & Bradley, 1948; Burks, 1960; Levy, 1959; Strauss & Lchtinen, 1947),
it has frequently been assumed that hyperactive children must have some
kind of subtle brain injury. As we shall sce, however, there has been
considerable controversy over this assumption. Thus, we felt that it was
important to check it out with a group of children who were frce of the
more obvious signs of brain injury.

Our first goal was to definc as accurately as possible the specific disa-
bilities that characterize the hyperactive child, Although a large number
of cognitive and lcarning deficits have been attributed to them, including
difficulties with reading, spelling, arithmetic, visual motor problems, and
deficiencies in conceptual skills (Burks, 1960; Clements-& Peters, 1962;
Laufer, Denhoff, & Solomons, 1957, Rosenfeld & Bradley, 1948), there
have been disappointingly few studics in which their performance has
been compared with that of a matched group of normal controls. As a

v,
N
[
“

kN

§
|

 result, a kind of clinical folklore has sprung up about the disabilities that

are peculiar to hyperactive children and there has been no way to separate -

fact from fiction. -

Ano_tlﬁr,p_rgblcm_hns—arisen_from_the_kinds_of_intellsc_mal, _cognitive,

and personality measures that have been used-Most of the-clinical instru-
ihents employed by investigators ip_t}_x_ig_g‘rga-t_a;l}_u‘gl_xly__c_:gmpl.ex, functions
whitlrdepend upon several poorly defined abilities: many, of these mea-

el

surcs also have a good deal of crror variance. This is true, for example, of
tm\@echsler Intelligence Scale for Children, one of the
tosts which has been most popul popu 57 with climcians ( Cohen, 1959). Unfor-
tunately, there is no casy solution to this problem. Our owa approacl.x ?ms
been highly cclectic. We have chosen tests commonly uscd by chmr:'al
psychologists and we have also borrowed extensively from the batteries
that have recently been developed by educational psychologists and
special educators in order to diagnose specific learning disabilities. Some
of our measures are drawn from the cognitive and personality areas within
developmental psychology and others are rclatively well-known tec?x-
niques from the experimental laboratory. We have also gone to the chil-
dren’s schools to find out more about the kinds of problems they are
experiencing there. What I would like to do is take you along on an abbre-
viated version of the search that we have carried out thus far. I will begin
with the more global measures and then move on to describe some of our -
attempts to study these children under more controlled laboratory con-
Jitions. Each study that 1 shall report on has involved 20-50 hyperactive
children and an equal number of controls matched with the hyperactives
on age, sex, overall 1.Q. and socio-economic status. In each study th.e
subjccts ranged in age from 6 to 14 ycars and 1.Q.8 rangt?d frorrT approxi-
mately 80 to 125 with a mean of approximately 100. It.is-alse-important
to 1at 80 to 90 per cent of the hyperactive children referred to us
have been males.

e

INFORMATION OBTAINED FROM SCIIOOLS ,

One valuable source of information on our children has been their school
records and the reporls of their teachers. Two honours students, Doba
Lewin and Henry Lavigueur, analysed data from teachers’ rat.ings an.d
report cards and from achicvement and intelligence tests administered in
the school, They found a high incidence of failed grades among the hyper-
actives. By the time they werc 12 years of age, 70 per cent of th.cm hafd
failed one year, and 20 per cent had failed two years. The hyperactive chil-
dren also had significantly lower grades than the controls on almost all
academic subjects. The teachers ratings which showed the highest differ-
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ences were concerned ma.inly with frustration tolerance, concentration,
and ability to organize one’s own activitics. On group adxmmste.red %
" nchievement tests, the hyperactives did significantly more poorly than the

normal controls on the Stanford Arithmetic Test and the reading specd - - .
score of the Gates Reading Test. They did not do more poorly than the

controls, however, on either the comprehension or vocabulary scores of

- the Reading Test. They also received lower 1.Q. scores than the controls on
- group administered intelligence tests; their scores on these group tests =
were significantly"lower than those obtained on individual mtelhgence'

tests administered at the hospltal T "

Another group of students has taken on the task of collecting observa- .

tional data on the children’s behaviour in the classroom. Sandra Witelson
did most of the original work involved in developing the observation sche-
dule and the study of hyperactive-normal comparisons was done by
Christine Bradley. She studied two groups of hyperactive children - the
mean age of the younger group was 7 years, 9 months and that of the

. older group was 12 years, 8 months. She obtained the most consistent

differences between hyperactives and normals on a ¢oding category that
included “purposive (or goal-directed) behaviour not rclated to the
classroom activity.” It is important to note that we are not talking here
about random or aimless behaviour. The problem scems to be, rather, that
the child’s goals and the teachet's goals differ. We also observed various
kinds of “fidgeting” behaviour but our findings on this category have not

" differentiated reliably between hyperactives and controls, The differences

between the younger and the older hyperactives were also interesting, The
younger ones moved around the classroom and vocalized more than their
controls. They also showed more disorderly behaviour toward the teacher
and attracted morc attention from her. The behaviour of the older group
on the other hand, was less disrupting: although they also engaged in more
purposcful behaviour that was not the classroom activity, in their case
this behaviour took place while they were sitting in their seats. They were

frequently observed, for example, to be working on the wrong assignment
or playing with a toy.

CLINICAL AND LEARNING DISABILITY TESTS

I would like to review next the results we obtained from the clinical and
learning disability bdttery. From time to time the clinical literature has
reported that hyperactive children have difliculty on particular subtests
of the Wechsler Intelligence Scale for Children (Burks, 1960; Clements
& Peters, 1962). However, we found no consistent subtest pattern nor did
we find the differences between the verbal and performance scctions of the

i R —— e«
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test which have sometimes been described. We have.r'epcatedly found,
however, that the hyperactive children show more vanabihty from sub- :

their performance on other tasks. The hyperactives have also consistently
scored lower than the normals on the Goodenough Harris Draw-a-Person
Test, the Bender Visual-Motor Gestali Test, and the Lincoln- In-Oseretsky
Schedule of Motor Development. They had some difficulty, too, with the
Frostig Developmental Test of Visual Perception; this showed up in a
significantly lower overall score and a poorer score on the eye-motor
co-ordination subtest. This last group of findings seems to suggest that the
hyperactive children have unusual difficulties on visual motor tasks and
tasks requiring fine and gross motor co-ordination, Similar reports appear
in the literature (Clements & Peters, 1962; Laufer, et al,, 1957). I would
like to point out, however, that besides testing visual-motor ability, all of
thesc tests require the child to perform a task with care and concentration;
the Bender is also thought to require an analytic approach I will retimn to
this point later.

It is iniportant to note that on the remainder of the rather extensive

~ battery used, there were almost no differences betwcen the hyper-

active and control subjects. This included an individually administered
rcading test, a tes® tapping several different abilities in the language arca,
and tests of such abilities as auditory discrimination, right-left discrimina-
tion and short term memory. In all, there were 41 measures on which we
found no differences between the hyperactive and normal children.

AUTOMATED CONCEPT LEARNING TASK

In her doctoral dissertation, Vaira Freibergs (Frcibexgs 1965; Freibergs
& Douglas, 1969) focused on concept learning in these children. The
clinical literature had suggested that they would have difficulty function-
ing at a conceptual level (Burks, 1960; Rosenfeld & Bradley, 1948). Frei-
bergs used a concept learning apparatus and several ¢oncept problems
developed by Sonia Osler at ]olms Hopkins University (Osler & Fivel,
1961). The machine delivers two pictures at a time, One is an exemplar of
a concept such as “lflower” or “bird” or a number concept such as “two”;
the other is a non-cxemplar of the concept. In the case of the bird or
flower coneept, for example, the non-cxemplar may he any one of a varicty
of objects such as a house, an animal or an acroplane; in the case of the

“two” concept it is another number. The child is told that if he looks at the
pictures very carcfully he will find that there is something in them; like an
idca, which will tell him which one to choose to get a marble as often as
possible, He makes his choice by pressing a lever. It is thus possible to

ISTATUS@fda.hhs.gov or 301-796-8118
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.+ cbserve, step by step, the child's attempts to solve a new problem. A
record is kept of the number of errors he makes and the number of tnals'- Sk

to criterion.

Performance on these tasks was studied under three condmons acon-
~ tinuous reinforcement condition in which every correct response was

rewarded, a 50 per cent partial reinforcement condition in which every

. other correct response was rewarded and a delay condition in which the
" interval between presentahon of sbmulﬁ was increased from 4 to 8 seconds.
Under continuots reinforcement, the hyperactive and normal children

reached criterion equally quickly, although on the first problem there were

differences in the shapes of their learning curves which suggest possible *

differences between the groups during the presolution phase. The per-
formance of the hyperactives was highly erratic, showing wide fluctuations
from their own mean performance. By the second problem, however, this
kind of fluctuation seemed to disappear. In both Freiberg's study and a
later study by Sheila Macklin, they also showed excellent transfer from

- problem to problem. We were struck by the way thiat leaming in the

hyperactive children seemed to thrive under the circumstances provided
by this teaching device in the continuous rcinforcement condition. The
stimuli were colourful and interesting and they remained on the scrcen
until the subject made his choice. Perhaps even more important, the
machine provided immcdiate feedback and reinforcement for correct
responses.

Freibergs also investigated the children’s ability to reverse concepts.
After the subjects reached criterion the machine was switched so as to
deliver a marble when the non-exemplar of the concept appeared. There
were no differences between the hyperactive and control children in their
abih’ty to reverse. Thus, on this task, we find no evidence to support reports
in the clinical literature that hyperactive children tend to perseverate, It
should be noted, however, that on this particular task the non-cxemplars of
the concept provide more varicty and novelty than the exemplars; we have
other data which suggest that the hyperactives may have a greater pull
towards novelty, Doubling the intertrial interval from 4 to 8 scconds did
not produce significant differences between the hyperactive and normal
subjects although there was a tendency for the hyperactives to do less well.

The most striking difference between the two groups appeared under
the 50 per cent partial reinforcement schedule. Although both hyperactives
and normals had more difficulty under this condition, the performance of
the hyperactive children was much more severely impaired. Sixty-five per
cent of them failed to reack a solution within 300 learning trials. There are
scveral possibilities which might explain why the hyperactives did so
badly when the ratio of rejnforcement was reduced. Unfortunately, it is

Questions? Contact FDA/CDRH/OCE/DID at CDRH-

gy, et = e =

-

c————— g

— ——,

STOP, LOOK AND LISTEN . ' 285

difficult to sort out the effects of motivational, attentional, and information
feedback variables. However, Penny Parry is currently making an attempt
at accomplishing this as part of her doctoral thesis. We are hoping that

what she learns will provide some valuable msxghts that may help in
training these children. . :

STUDIES OF ATTENTION

Donald Sykes’s doctoral dissertation (Sykes, 1969; Sykes, Douglas, Weiss,
and Minde, 1971; Sykes, Douglas, and Morgenstern, 1972) was designed
to focus on some critical aspects of attention and followed up earlier work
done by Edgar Zurif for his master’s degree. There are numerous reports
in the literature which suggest that attention is impaired in hyperactive
children. Little has been done, however, to define empirically the kinds

of attentional problems they demonstrate. Sykes's studies were designed o

to point up some of the factors that might affect their performance in
learning situations.

In one task of choice-reaction-time the child was required to respond to
speeific stimuli but was warned each time before the stimuli appeared: on
this task the hyperactive children had no difficulty. A second task, a serial
reaction task, also required responses to particular stimuli but in this
casc the child had to continue responding over a prolonged period of time
(15 minutes). The task was sclf-paced, that is, each stimulus appeared
only after the child had made his response to the previous stimulus, Here
the performance of the hyperactive children was somewhat impaired:
they made more incorrect responses (responses to wrong stimuli) than the
controls but they apparently worked quickly enough to make a similar
number of correct responses.

The attention task on which the hyperactive children had most difficulty €=

was a continuous performance task. This was a vigilance task developed by
Mirsky and Rosvold (1963). It was experimenter-paced and the subject
was required to perform over a 15-minute interval. He had to respond
to particular stimuli, for example, the letter X when it was preceded by
the letter A. The stimuli arrived automatically on a sereen or through

carphoncs. On both the visual and auditory forms of this task the hyper-«

active children identified fewer of the correet stimuli and also responded !

more {requently to incorrect ones; several of these latter crrors appeared

to be of an impulsive nature. The performance of the hyperactives also v

I .

deteriorated more seriously over time than that of the normals, This
deterioration scemed to be accompanicd by increased motor restlessness
which was measured by a stabilimetric cushion (Sprague and Toppe,
1966) attached to the child’s chair.

‘:OISTATUS@fda.hhS.gov or 301-796-8118
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"~ Sykes also looked 2t the effect of pipiug intermittent white noise (80 S
.. decibels) into the experimenial rocia at frequent tandom intervals while - ..
“\7"."the subjects were performing 0. the continuous performance test. This
. attempt to distract the children did not affect the hyperactive subjects -
* . more than the normals. An attempt was also made to introduce conflictin

cues on the choice reaction time test; in one series of trials the coloured - -
- background of the stimuli appearing on the screen was discrepant with *

the colour of the background of the target stimuli. This procedure also

B  failed to affect the hyperactives dxfferentmlly : -

- Nancy Cohen was also interested in attentional processes in cln]dren
and her dissertation involved the monitoring of autonomic components of
the orienting response and its habituation while the children were respond-
ing to different task demands (Cohen, 1970; Cohen and Douglas, 1972).

She took skin response and heart rate measures under a variety of condi- . 5
- tions: first during a rest period, then while the child was listening to stimuli .. - <
to which he was not required to respond and, finally, while he was reacting " -

to warning and reactxon signals w}ule performmg on a delayed reaction
time task. :
Let me give you a brief summary of her results. I‘xrst, there were no
idmexenccs in the tonic levels of skin conductance or of heart rate during
relaxation periods. Secondly, when the Ss were simply required to sit and
listen to a series of tones which were presented through earphones there
were no significant differences between hyperactive and normal subjects
‘either on tonic levels of skin conductance or on the orienting response to
the first or later tones. I would like to mention, however, that Cohen has
some preliminary data which suggest that there may be differences when
the toncs are piped into the room through a loud speaker rather than
through carphones. We plan to look more carcfully into these effects.
When we look at the orienting response (or) mcasures during the
Dclayed Reaction Time Task, where the Ss were required to make active
responses to discrete stimuli, significant differences between the hyper-
active and normal subjects emerge. The controls exhibited a significant
incrcase in both tonic and plnsxc or measures while the hyperactives
remained relatively unresponsive, Performance on the reaction time task
itself was also clearly deficient in the hyperactive children; compared with
controls they exhibited slower reaction times and a greater amount of
variability in performance. It would appear as if, for the hyperactive
children, the warning signal given at the onsct of cach reaction time trial
did not have the intended eflcet of 7 lerting the child and preparing him to
respond to the reaction signal.
It is important, however, to emphasize the extreme variability in the
performance of the hyperactive children on this task. If we look at their

;“
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best trials, we find that they are capable of reacting as quickly as the
normals; it is the erratic nature of their performance that reduces their
scores. It is probably this kind of behaviour which inspires the-lament so
frequently heard from tcachers: “He can do it if he wants to.”" :

Cohen also attempted to improve the hyperactives’ performance by
reinforcing them for performing well. She did this simply by saying “good”
on every trial on which the child surpassed his own basal reaction time
score. After 15 trials with reward, the child was told that the examiner
would no longer say anything but that he should still try to respond as
quickly as possible. The reinforcement produced faster reaction times in
both hyperactives and controls. There was also a decreasc in variability in
performance in both groups. However, when reward was withdrawn, the
reaction times of the hyperactives tended to slow more quickly than those
of the controls. The autonomic records during the reward condition also
show differcnces between the hyperactives and controls. Although tonic
activity incrcased for both groups when reward was introduced. and
stayed at the increased level when it was withdrawn, the pattern for the’
on to the warning signal was quite different in the two groups. For controls,
on frequency increased significantly when reward was given and when it
was withdrawn the frequency was still significantly higher than in the :
initial non-reward period. For hypcractives, on the other hand, or fre-
quency remained relatively low and did not change with the altered
reinforcement conditions. While the tonic response is thought to measure
a general increase in alertness or mon-specific activation, the phasic
responsc is thought to render the subject more sensitive to specific incom-
ing stimuli (Lynn, 1966). It is this more specific response that scems to
have been lacking in the hyperactive group. We fcel that these findings

underline the importance of training hyperactive children to concentrate
on the critical aspects of a learning situation: it is apparently not suflicient
just to increase general motivation, Recent findings by Penny Parry have
also emphasized this point. She has discovered that a high level of general,
non-contingent praisc can even lead to a deterioration in performance.
Cohen alto recorded other irrelevant movements whild the subjects were
performing on her task, The hyperactive children showed a strong tendency
to press and release the response button after the appropri: lt(‘ response
liad been made: they also exhibited more intense movements in the left
hand simultancous with the appropriate response to the reaction signal
with the right hand. One might think that such movements would inter-
fere with the performance of these children. However, during reward, the
frequency of these responses increased along with the nnprovcd per-
formance. Thus, there does not scem to be a simple negative relationship
between efficieney in attending and the amount the child moves. This and
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other observations we have made on these children have led us to questloﬁ: -
. the importance that some educators and investigators have attached to.." ‘

making them sit still in order to get them to attend.

Susan Campbell's dissertation (Campbell, 1969; Campbell, Dauglas, & ;' :

Morgenstem, 1971) concentrated on variables quite different from the:
ones already discussed. Here, interest was in the style or approach that
hyperactive children typically employ in problem solving. There has been

a growing body of literature in the field of developmental psychology that
has revealed the pervasive influence of several different cognitive styles . -

on the approach that individuals take to a variety of problem salving
situations. Several of the styles are relatively unrelated to intellectual

. ability. We felt that an understanding of the cognitive styles of hyperactive ™ -
children might shed some light on their learning and behavioural problems

‘and might also suggest directions for training and educational planning.
Campbell studied four of the cognitive styles but I shall concentrate on
two: field dependence-independence and reflection-impulsivity,

Kagan and his associates (Kagan, Rosman, Day, Albert, & Phillips,
1964) have demonstrated that one factor contnbutmg to dxﬂercnces in

specd of dec:sxon makmg_n situations with high ; response unccrtamty The
impulsive child makes his decisions too quickly and, as a result, is likely
to make errors, while the performance of the reflective child is clnracter-
ized by long latencics and few crrors . Normal children scoring Ing,h on
impulsivity measures have been found to make more errors of commission
on a serial learning task and to have higher error scorns on tests of induc-
tive recasoning. They have also been observed to be more distractable, less
attentive, and more physically active than their mo:e reflective peers
(Kagan, 1965; 1966: Kagan, Pearson, & welch, 1966). sure
reflection-impulsivity, Campbcll used Kagan's Matching Familiar Figures
Test whi res of common objects and animals. The

child is shown a standard stimulus and six similar_ong; oncs and 1s req I'is required to

choosc the one picture from among the six alternatives which is identical
with the standard. This is not particularly casy to do — many of the possible
choices are so close to being correet that the child must Tiold back his
tendency to respond long enough to look over the pictures very carefully.
The test is scored for lateney to first response and number of errors.
Witkins' dimensiori of ficld dependence-independence ( Witkin, Dyk,
Faterson, Goodenough, & Karp, 1962) reflects individual differences in the
ability to scparate an item from the field in which it is embedded. This
dimension is also conceptualized in terms of differences in the degree to
which perception is global and diffuse or structured and analytic. The
field-independent mdxvxdual is better able to overcome a confusing,
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embedding context when isolating figure from ground. Witkin and his
associates have demonstrated that field independent boys are more emo-
tionally independent and display better control over impulses than field
dependent boys (Witkin et al,, 1962). Ficld-independent boys are also
more concerned with intellectual tasks. Campbell used the Children’s
Embedded Figures Test {Karp & Konstadt, 1963) as her measure of field-
independence. It consists of two series of simple figures embedded in more
complex designs; the score is based on the number of figures correctly
located.

Campbell found that both of the cognitive style measures differentiated
mqn'ncantly between hyperacti\ cs and controls On the MatchmeF amiliar

mormthe L‘mbeddcd Flgures Test they isolated fewer embedded
figures. Thus, they would be classified as being more impulsive and more
ficld- dependent than the normal controls. In her discussion of these results,
Campbell suggests that it may be possible to modify the cognitive styles
of hyperactive children. Training could be centred on teaching the child
to delay responding until he has examined the various response alterna-
tives in a situation. One could work up gradually from a few simple alter-
natives to several more complex ones. It might also be possible to use
materials similar to the embedded figures so as to help him learn to focus
on the essential fcatures of a situation. He could be taught organized stra-
tegics of scarch for discovering the figure, first with simple examples, and
Jater with more complex ones. Successful approaches for training children
with attentional and impulsivity problems have been developed by Palkes,
Stewart, and Kahana (1968), Santostefano and Stayton (1967), and,
more recently, by Meichenbaum and Goodman (1971). We have also
begun some preliminary work with a group of highly unpulsxve disad-
vantaged children. We have used games such as “May L,” and a variety of
card games and interesting projects in which the child can only succeed if
he keeps his impulses under control. The teacher tries to teach and demon-
strate “reflective” strategics and cncourages the child tg verbalize them
and carry them out.

Before I leave Campbell's study, I want to mention just briefly that she
also looked at a cognitive style called constricted-flexible control (Klein,
1954). She used the Colour Distraction Test developed by Santostefano
and Paley (1964) which requires the child quickly to name the colour of
obicets arranged on a card, while ignoring distracting and contradictory
stxmuh There was no evidence that the performance of the hyperactive
children was impairced under either the distracting or interference condi-
tions. Thus, this is onc of several times we have failed to show any signifi-
cant efect of distracting stimuli on our hyperactive children. We obviously
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EFFECTS OF 'I'HE STIMULANT DRUGS

Now that we have established a pretty clear picture of some of the disa- - %
* . bilities of hyperactive children, I would like to turn to a consideration of - .

how drugs effect their performance’on these same tasks. I am going to *
concentrate here on our studies using methylphenidate (Ritalin) which is

one of the stimulants. We did do some earlier work with chlorpromazine

(Freibergs, Douglas, & Weiss, 1968; Werry, Weiss, Douglas, & Martin,

1966), but found no evidence that it improved cognitive functioning. In the
studies that I shall report the sample size varied from 20 to 50 subjects. Most
of the studies used a double blind, cross-over design. The psychiatrist was
allowed to control dosage to achieve a maximum effect. The dosagn of

* methylphenidate was gradually increased from 5 mg/day to a maximum of

100 mg/day. Mean dosage was approximately 60 mg/day Test-retest
interval was two wecks.

The drug produced some positive cffects on the tests in the chmcal

and learning disability battery: there was a significant increase in overall -

1.Q. and also on a few of the other tests in the battery; however, we could sce
no particular pattern in the kinds of tests affected. There was also signifi-
cant improvement on several of the attention mecasures used by Sykes
(Sykes, 1969; Sykes et al,, 1971; Sykes «t al,, 1972). On the Continuous
Performance Test on which the hyperactives had shown their most serious
impairment, the number of corrcct responses increased, the number of
incorrect responses decreased, and therc was considerably less ‘detcriora-
tion in performance over time when the children were receiving the drug,
On the Serial Reaction Txmc Tack, there was improvement on Loth correct
and incorrect response ‘measures; on the Choice Reaction Time Task,
reaction time decreased. Thys, the drug produced positive changes on the
measurcs on which the hyperagtives had been most deficient but it also
produccd significant improvement on some measures on which there had
been no significant differences between hyperactives and controls, On
Cohen’s delayed reaction time task (Cohen, 1970; Cohen, Douglas, &
Morgenstern, 1971) the mean reaction times were faster and less variable
and task-irrclevant motor responses were less frequent when the hyper-
actives were receiving the drug. On Campbell’s cognitive style measures
(Campbell, 1969; Campbell ct al,, 1971) the hyperactives became signif-
cantly less impulsive while on mctf) iphenidate. This “wids “Felested in
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longer reaction times and fewer errors on the Matching Familiar Figures
Test. The differences on the Embedded Figures Test of Field Dependence-
Independence did not reach significance. Taken together, these results
suggest to us that methylphenidate exerts its main effect hy helping the
hyperactive child sustain attention and control impulsivity, Similar results
are being reported from several other laboratories (e.g., Conners & Roths-

child, 1968; Knights & Hinton, 1969; Sprague, Barnes, & Werry, 1970).

SPECULATIONS ABOUT AETIOLOGY

There has been a good deal of physiological speculation about how the
stimulants produce their apparently “paradoxical” effect and these thco-
ries, in turn, are tied to further speculations about the actiology of the
hyperactive disorder. Many clinicians and investigators believe that the
hyperactive child has undergone some kind of brain damage; birth injuries
appear to be the most frequently cited explanation (Laufer & Denhof,
1957; Martin, 1967; Gross & Wilson, 1964; Rosenfeld & Bradley, 1948;
Levy, 1939). It is, however, commonly recognized that no evidence of
brain damage can be found in many of these children and so the more
ambiguous notion of “brain dysfunction” has become popular (Clements
& Peters, 1962; Stevens, Boydstun, Dykman, Pcters, & Sinton, 1967).
Recently, several writers have suggested the possibility of a biochemical
defect (Shetty, 1971; Stewart, 1970; Silver, 1971); norepincphrine is the
chemical most mentioned, partly because its release is thought to be stimu-
lated by the amphetamines (Carr & Moore, 1969; Stein & Wise, 1969).
Several of the investigators who have adopted a biochemical explanation
believe that hyperactivity  is a hereditary trait (Stewart, 1970; Silver,
1971). The fact that it is so much more common in males than in females
suggests the possibility that it is a sex-linked or sex-influenced character;
males, however, are also known to be more vulnerable to brain injuries.
There has been a good deal of theorizing about the nature of the brain
mechanisms underlying the disorder. Among the possibilitics that have
been mentioned are the failure of some cssential inhibitory control or
filtering mechanism (Laufer, et al, 1957) and an imbalance between
cortical and subcortical structurcs “hx(.h results in the cortex having insuf-
ficient control over subcortical centres (Knobel, Wolman, & Mason, 1939).
The reticular activating system plays an important role in several of these
theories. Many of the theorists also think of the hyperactive child as suffer-
ing from cither an abnormally high or abnormally low level of physio-
logical arousal (Laufer, ct al, 1957; Werry, Sprague, Weiss, & Minde,
1969; Stewart, 1970; Snttcrﬁcld & Dawson, 1971). These beliefs are based
on the children's high level of bebavioural activity, the fact that they
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- Our own research has added little that is definitive to these speculations! L
" Members of our team have failed to find substantial evidence of brain~. "
damage in our children’s birth histories, electroencephalograms or neuro- -3

logical examinations (Werry, Weiss, & Douglas, 1964; Werry, Weiss, . 1.
Dogan, Minde, & Douglas, 1969; Minde, Webb, & Sykes, 1968), although, = =,
like the psychological tests, the neurological examinations have shown' I
them to be poorly. co-ordinated. It is important to remember, as I men- - ",
tioned earlier, that we excluded from onr samples children with clear evi- |
dence of brain damage: however no initial screening was done for more -
subtle signs. These studies have clearly emphasized to us the importance
of proper control groups and follow-up studies in work of this kind; a sur-
prisingly large number of our controls for example, had “abnormal” £Ecs.
We were also struck by the poor reliability of the electroencephalographic
data over time. It should be noted, however, that we have not worked
with the more sophisticated EEG techniques such as evoked potentials and
contingent negative variation. ' . -

Although I am a little reluctant to add further to the rather loose physio-
logizing that has been going on, I would like to mention that Penny Parry
has becn experimenting with two tests which have been found to differen-
tiate patients who have undergone frontal lobe surgery from patients who - -
have lesions in other areas (Milner, 1963; Milncr, 1964; Porteus, 1939).
These arc the Wisconsin Card Sorting Test which requires the ability to
switch sct and the Porteus Mazes which measure the ability to plan and
follow rules. The hyperactives are doing very poorly on both of these tests,
though at this point we arc not sure that the reasons are always the same
as those put forward by Milrer (1964) to explain the poor performance
of her frontal-lobe patients. I can only say at this time it is our impression
that attentional and impulsivity problems contribute greatly to their per-
formance. So far as “physiological arousal” is concerned, T am well aware
of the complexitics mvolved in using this term. However, for what it is
worth, let me remind you that Cohen found no differcnces between resting
levels of hyperactives and normals on cither skin conductance or heart rate
measures. Rifflerences between the two groups showed up only-on orient-
ing rcsponsé measures when the children vere required to attend and
respond to stimuli. However, this matter is far from scttled. Although the
findings of some other investigators (Stevens, Boydstun, Ackcrman, &
Dykman, 1968; Boydstun, Ackerman, Stcvens, Clements, Peters, & Dyk-
man, 1968) have tended to agrec with our results, Satterficld & Dawson
(1971) have reported first abnormally low and morc recently (personal
communication) abnormally high arousal levels in their hyperactive

S W

. %,
Questions? Contact FDA/CDRH/OCE/DID at CDF,éP
!

20146917 Released 1012114~ _

£TOP, LOOK AND LISTEN ’ © . ’ 273

groups, They have suggested that their conflicting findings may be ex-
plained by differences in the laboratory conditiors in their two studies. As

I mentioned earlier, physiological recordings in these children'seem to be
unusually sensitive to relatively minor changes in methodology. I suspect
that this is duv to the attentional problems I have described and also, per-
haps, to a high degrze of lability in both their behavioural and physiologi-
cal responsivity. Their cverreaction to praise which I mentioned earlier
may be one example of this, '

WIIEN TO USE TILI.‘. STIMULANTS?

It must be clear by now that although the physiological speculations about
the hyperactive child raise many intriguing questions, they cannot offer
any definitive answers. So far as the stimulant drugs arc concerned, they
secm to “work” with at least some of these children but we do not know
why. This leaves the clinician open to severe cthical conflict about when
the drugs should be used. Unfortunately, the question is in danger of
becoming a political issue. I recently found myself embroiled in a debate
with John Holt on this topic in the New York Review of Books (13 August,
22 October, and 3 December 1970). Not surprisingly, Holt places a good
deal of blamc for the problems of hyperactive children on the shoulders
of unimaginative middle-class teachers; he also accuses the physicians who
prescribe the drugs of “fashionable quackery.” As one reads what he has to
say, it becomes clear that no dull, middle-class professor ever taught him
to do a literature review before allowing him to pontificate on a subject.
Nevertheless, Holt and others who have voiced concern do raise a valid
point. Although many of our children have expresscd relief at finally being
-able to control themselves, I and most of my colleagucs have come to
believe that these drugs should be used only if the child’s symptoms are
extremely debilitating. Some of the stimulants are known to be addictive
in adults and, though no cascs of addiction have been reported by clini-
cians working with hypcractive children or adolescents, the possibility
cannot yct be dismissed. We have also found greatly increfised heart rates
in some of the children in our short-term studies (Cohen & Douglas, 1972);
we have no data as yet on long term eflects. We find, too, that a few of
our children become extremely depressed and show strangely flattened v
affect while they are on the drugs. Thus, we belicve that the drugs should
be uscd only after a very carcful evaluation of the child’s problems and if
they are used, the physician should stay in close contact in order to titrate
dosage and to monitor the youngster's response. Tt is to be hoped that, as
sur diagnostic techniques arce sharpened, psychologists will be able to
provide more help both in identifying children who may beneft from the
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" DOES THE HYPERACTIVE CHILD OUTGROW IS SYMPTOMS? ‘ - RS
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developmental history of the hyperactive disorder. As I have said, in the " o
children we have studied, the symptoms have been present since infancy
or early childhood. But what about the progress of the disorder as the child
matures? There have been many clinical reports suggesting that these -
children “outgrow” their symptoms. If this were so, it might provide some
evidence for the theories which suggest that the symptoms are a result of
a “maturational lag” in the development of some critical part of the central
nervous system ( Lytton & Knobel, 1958; Solomons, 1965). Gabriclle Weiss
has tried to stay in touch with our hyperactive children as they grow
towards adolescence and we now have some data on a group of 13 to 16
year olds. There is some evidence, as there was in the school observations,
that the hyperactivity has decreased; however, it is clear that impulsivity
and inability to attend remain 2 prablem. Cohen stayed on with the project
after completing her degree and has run several of our tests in the longi-
tudinal study (Cohen, Weiss, & Minde, in press). These young, adoles-
cents were still making more errors than their controls on the Continuous

Familiar Fig-m&ﬂﬂdﬂ@%ﬂm%%\mom
quickly and they also made more errors than the controls on the Fmbedded o
Figures Test. Thus, they remained more impulsive and more ficld de-
pendent. Cohen found no dilferences between normals and eontrols on
the Stroop Colour:Word Interference Test. This, like Santostefano’s Colour
Distraction Test, which I mentioned carlier, is a measure of constricted-
flexible control and is thought to measurc the extent to which individuals
are susceptible to cognitive interference from conflicting cues. This, then,
represents another failure to prove that the hyperactives arc unusually
distractible. Psychiatric interviews revealed that 30 per cent of the chil-
dren were described by their mothers as having no steady friends and 25
per cent had a history of fairly serious acting-out and anti-social behaviour
(Weiss, Minde, Werry, Douglas, & Nemecth, 1971), Teachers’ ratings and
school reports analysed by Doba Lewin and Henry Lavigucur revealed
that the children were still doing significantly worse than their controls nt
school, both acadc}mically and socially. Thus, these first follow-up investi-
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* gations provide little hope that maturation is restoring these children to
normality. :

STOP, LOOK AND LISTEN!: AN UNDERLYING DIMENSION?

Let me try to summarize what we think we have learned thus far about the
pattern of our hyperactive children’s deficicncies. First, we_should not
forget that there are several arcas of functioning that are relatively un-

impaired in these children. Many of our subjects obtain average or even
well above-average 1.Q:s on standard intelligence tests, particularly if the
are individually administered. As a group, they show no significant dif-
ferences from normals in terms of language abilitics, comprehension, or
conceptual thinking, Neither is there any evidence of difficulty with short-
term memory, even though we tested for this with several different kinds
of materials. They appear, too, to be less disrupted by outside distractions
than many of the reports in the literature would suggest; nevertheless they
can be led astray by stimuli that are highly attractive to them. Although
they do move more than other children, most of their behaviour seems to be
directed to obvious goals, albeit their own. There is some suggestion, too,
that activity level may not be the most critical aspect of the symptom
picture of these children. For example, when they grow older they become
less active but attentional and impulsivity problems remain.

As I looked back over our various studies, it struck me that one closely
rclated group of characteristics can pretty well account for all of the de-
ficiencies we have found. These youngsters are apparently unable to keep
their own impulses under control in order to cope with situations in which
care, concentrated attention, or organized planning are required. They
tend to react with the first idea that occurs to them or to those aspects of a
situation which are the most obvious or compelling, This appears to be
the case whether the task requires that they work with visual or auditory
stimuli and it also scems to be true in the visual-motor and kinacsthetic
spheres. These same deficiencies ~ deficiencies which 1 have come to think
of as the inability to “stop, look and listen” — scem alse to, influence the
children’s social behaviour. Penny Parry has shown that on a story com-
pletion task, they are unable to react realistically to a potentially frustrat-
ing situation, and, in real life, several of our older hyperactives are begin-
ning to get into trouble with the law because of their inability to control
their impulsive tendencics.

We have been struck by the degree to which our measures that tap
attention, impulse control, and the ability to take an analytic approach to
problems scem to go together in these children, These congruences were
found in our carly testing and the same constellation of deficiencies is pres-
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e ent in our follow-up study Furthermore, met.hylphemdate scems to exer{ K :’é :
+.2 .~ its effects on these same measures, Since Sykes, Cohen, and Campbell d&
. used ‘the same sub)ects in their studies we were able to run correlations % b 553
among their various measures; as expected, we found rather high inter-.: ,‘ﬂ.
correlations. For example, corrcct responses on the continuous perfor. ¥
mance test correlated 0,68 with mean delayed reaction time and alm 308
=0 66 with errors on the Matching Famxhar Fxguxes Test. ' L3

' RELEVANCE OF FTNDINGS TQ NORM.AL POPULATION

Al of this made us wonder whether scores from these same tests would be

intercorrelated in a normal population. We were encouraged to think thaF

this might be so by some findings which Campbell had obtained from a

group of normal children (Campbell & Douglas, 1972). Her data had re-.""

vealed significant correlations between her subjects’ fleld dependence -

scores and their scores on the reflection-impulsivity measures. Furthermoze,

2= .. ' both measures were significantly correlated with scores on a story comple-
.. tion test that gauged the children’s optimism about their ability to cope
* with a difficult, potentially frustrating situation, These correlations were in-
dependent of the effects of both intelligence and age. We therefore decided

to investigate the possibility that the attention-impulse control constellation
. which seemed so important in the functioning of hyperactive children
_might also be an important factor underlying the cognitive and social
functioning of normal children. We tested this out by administering to a
group of 41 eight- and nine-year-old normal boys the same tests that we had
found to differentiate between hyperactive and normal children. We also
included in the test battery four 1.Q. measures and predicted that these
would be relatively unrelated to our hypothesized dimension. Finally, we
added two anxiety measures which we also expected to be independent of

our attention impulse control factor.

The results were. extremely interesting. The correlational matrix re-
vealed a very clear pattern of significant intercorrclations among most of
the tests which we thought would tap our underlying “stop, look and listen”
dimension. Verv few of the measures correlated significantly with the 1.Q.
measures: there were also few significant correlations with the anxiety
measurcs. A factor analysis was then performed; a varimax rotation pro-
duced four factors. The first of these looks very much like our hypothesized
dimension. The tests loading significantly on it (in order of their loadings)
included: the Porteus Mazes, the Children’s Embedded Figures Test of )
Field Dependence-Independence, teachers’ ratings on a hyperactivity — *
scale, the eye-motor co-ordination subtest of the Frostig Motor Develop-
inent Schedule, aggressive responses on a story completion test, the Bender
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Visual-Motor Gestalt Test, a list
tion, the Matching Familiar Figures Test of Reflection-Impulsivity, the

. Continuous Performance Test, and responses to d story completion test

which demonstrated the child’s ability to cope realistically with a frustrat-
ing event. The second factor seems clearly to be an intelligence factor.
Three of the intelligence tests loaded on it as well as two of the story

completion test scores. The third is probably an anxiety factor, It loads on

our two anxiety mcasures but also on the Lincoln-Oseretsky Schedule of
Motor Development and the Bender Visual-Motor Gestalt Test.

These results have been obtained only recently and we have not had
much chance to follow up their implications. At the moment we are in-
clined to think that our *Stop, Look and Listen” dimension is not unique
to children diagnosed as hyperactive but is, rather, an important factor
influencing the capacity of al all_children to cope effectively with a wide
range of situations. We are re interested in leammg more about what the
distributions of normal and hyperactive children look like on the various
tests that define this factor. At the moment, I can only say that the distri-
butions of scores of the “normal” sample on several of the tests seem to

rcveal considerable skewness on the “bad” end. It is as if something is -
responsible for producing more children who do badly on these tests than .

one would expect by chance.

Perhaps it may seem that I am pushing my “Stop, Look and Llsten
dimension too far. However, before I conclude, I would like to try to
stretch its implications te one more behavioural arca - the area of moral
behaviour. Michael Schleifer’s doctoral dissertation (Schleifer, 1971;
Schleifer & Douglas, in ptess; Schleifer & Douglas, unpublished manu-
script) dealt with moral judgments in young children. His measures are
based on Piaget’s approach to moral development which parallels closely
his theorizing about cognitive development. Piaget believes that the child's
carly moral judgments are limited by his cognitive capacities. For cxample,
he tends to be very much influenced by the behaviour of authority figures
because he sees moral rules as fixed laws, It is only later shat he realizes
that rules arc made by parents who are not necessarily infallible. The
young child is also limited by his “egocentrism.” He is unable to take the
viewpoint of another person and thus to take that person’s intentions into
account when he is making judgments about the goodness or badness of
the person’s acts. Piaget speaks also of “syncretism” a term which refers
to the child’s reacting globally to a situation rather than analysing its
clements; the related concept of “centration” refers to the tendency to
focus on some striking but superficial aspect of a phenomenon. By now
it can be seen that we are approaching morality from the point of view of
the ego rather than the superego. I hope that there can be detccted in the
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above descriptions certain similarities with the kinds of abilities I have: .
already discussed. - : S : S
= Schleifer took on the job of seeing whether there was, in fact, a relation- " f
ship between our measures and the stages of moral development posited ™ -
by Piaget. His test instruments were stories very similar to those used by .
Piaget and also, for his younger subjects, films which depicted situations *~

similar to the ones in the stories. The storics and films portray situations in".";

which a child commits an act such as breaking something, The subject is

questioned about the goodncss or badness of the child in the story and is _-'.'_:':
asked to give the reasons behind his judgment. For example, there is one bl
film in which a boy breaks several glasses while trying to help his mother - .:

with the dishes. In another film, a boy breaks a single glass while trying

to steal cookies. Young children are likely to consider the first boy to be

the really bad one because they fail to take intentions into account and also
because they tend to be overly influenced by the amount of damage done.
The children’s responses to a series of storics (or films) were used to yield |
a “moral maturity score.” The other measures included tests of reflection-
Impulsivity and ficld dependence-independence, as-well as teachers’
ratings on several behavioural scales.

Now for a brief summary of Schleifer's findings. In thrce different
samples, significant correlations were obtained betwcen moral judgment,
ficld-dependence-independence and reflection-impulsivity scores. Most of
the correlations ranged between 0.4 and 0.6. Tt is also important to note
that none of the three measures correlated significantly with intelligence as
measurced by the Peabody Test of Verbal Intelligence. The data from
teachers’ ratings also lend support to our previous findings. In one sample,
corrclations between teachers” ratings of the child's propensity towards
aggressive behaviour and the measures of moral judgment, ficld indepen-
dence and reflectivity were negative and significant. In another sample,
children high on the morality measure were also rated by their teachers as
being more attentive and less impulsive,

Lest it is heginning to appear that T'have got myself out on a limb, let
me just say that I have some company. We recently discovered an article
on “Conscicnece and Attentional Processes” by Grim, Kohlberg, and White
(1968) in which the authors indulge in reasoning very similar to ours.
They report on the chance mecting of two studies which happened to be
going on in the same school. One group of investigators was studying
attentional processes in children, using a reaction time task and associated
galvanic skin response measures; their methods and measures were very
similar to the ones used by Cohen in her dissertation. The other group of
investigators was studying cheating behaviour, using situational tests of
cheating and teachers’ ratings of the children’s ability to resist temptation,
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As we would have predicted, there were several significant correlations
between the measures obtained from the two studies. In discussing their
results, the authors suggest that children who can maintain stable attention
are also able to resist the quick, effortless solution obtained by cheating,
The authors themselves are sufficiently honest and morally mature, how-
ever, to admit that they are not the first psychologists to sce the theorctical
connection between attentional processes and moral behaviour. Perhaps
you will recognize the author of the following quotation: “If a brief defini-
tion of ideal or moral action were required, none better would fit the
appearance than this: it is action in the linc of greatest resistance ... We
rcach the heart of volition when we ask by what process it is that the
thought of any given object comes to prevail stable in the mind. Attention
with effort is all that any case of volition implies. The essential achievement
of willis to attend to a difficult objcct and hold it fust before the mind.”

I am sure you will have guessed that the author is William James (1690).
So, like many psychologists pushing their theories, I have discovered that
Jamics got there before mel

RESUME

Exposé¢ d’un programme de recherche pour étudier les déficits spécifiques des enfants
hyperactifs et V'efficacité des agents psychoanaleptiques sur les mesures prises en vue
de distinguer normaux ¢t hyperactifs. Il &st allégué quun noyau de symptdmes centrés
sur l'incapacité de maintenir I'attention nécessaire & contrdler ses jmpuhions explique-
raient la plupart des déficits observés dans le groupe des hyperactifs, 1l semble égale-
ment que ce soit sur ces déficits que les stimulants exercent leur effet principal. Des
études corrélationnelles et factorielles sugyérent gue In méme constellution d'habileteés
imprégne le comportement des enfants novmaux duns plusicurs domaines du fonction-
nement cognitif et social.
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: Sex diﬁereﬁées in 6enohu|ity structure at age 14°

PHILIP E. VERNON L -
~ University of Calgary '

ABSTRACT . .

. Though much work has been published on differences between the sexes in Western
countries on tests of abilities, intcrests, and personality traits, little attention has been
paid to the organization or structuring of psychological variables among males and
females separately. An investigation of nearly 400 Crade 8 students in a Canadian city,
including some 10 hours of testing, indicated that the ability factors in the two
sexes are closely similar, though their rclations to other variables such as age, artistic
and scientific interests, social attitudes, and personality tendencies, often differ
markedly. For example the psychological significance of ficld independence and of
divergent thinking in the adolescent personality, and the orgunization of carcer and
otlier interests, were so diffcrent that mixed-sex studics should be discouraged.

Most textbooks, or chapters of books, on individual differences devote
considerable space to differences between the sexes in abilities, interests
and personality traits (e.g. Anastasi, 1958; Tyler, 1965), and there is no
need to recapitulate the well-established facts. Many published tests, at
least for adolescents or adults, also provide separate norms for the sexes.
Yet it is generally assumed that the main dimensions or factors of ability
or personality have the same significance in males and females, and are
similarly organized and structured. For example the Primary Mental
Abilities batterics, the asaspr, the Study of Values, and Cattell's personality
questionnaires are presumned to measure the same abilities or traits in cach
sex. Counselling or clinical psychologists would, however, be more likely
to deny that anxicty, say, or interest in a scientific carcer, do mean the same
thing psychologically in a girl as in a boy, or in a woman as in a man.
Likewise, the developmental psychologist tends to find different influences
operating in the personality development of boys and girls (cf. Honzik,
1967). and much has been written ou the dilfering identifieation processes
in the acquisition of male und female sex roles (e.g. Kacan, 1961). Rather
generally it seems possible to trace fairly stmiZ;l'ntIm'\\-.lrcl connections
l'n.t\\'m-n. say, maternal warmth or rejection and the personal character-
istics of boys; whereas in girls, personal behaviour depends more on the
immediate social context (cf. Schacfer & Bayley, 1963). Different per-
souality patterns, again, are associated with verbal, number, and spatial
abilities in boys and girls, according to Ferguson and Maceaby (1966)

- Thc' writer is grcut]): indebted to The Canada Council, Sacial Sciences Divisian,
or hm.um;\,l support of this study. A bricf version of this paper was presented at the
Cunadian Psychological Association meeting in Montreal, June 1972,

Canan. | Brrav, Sen/Rev. e ovap. Ser, covp,, 4 1Y 1972
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The present etudy 18 derived ‘*nm “Fo, ;stgel, ind pendent. atpaq ot

nent of low rates (DRL) cchedulss.

'l'.- ‘ P
Regarding the aree of rognjtiva ntyae Ragan (1065) has'iaolated a "

‘:’

conceptual tempo dimcnsicn colled, "imp"leivity—-refiercivity" uhich underlies

"73

wodes of problem zolving in childreu. .The task used to differentiate these

groupa ie called the Hatehing Famillay =igures (MFF) Test (See Tigure 1)}.

—

On thile test the child pointe ouz the onz stimulus, from nmnng'eix highly
similar variaants, that is idsatiesl to & ztardard. Subjecfs aﬁoring above
the sample median for puuber of errors and brlow the medlian for dzcision time
are degignated ag impulalva, while subjects gooriny above the mpdion forx
decision tima snd below the modien for mmbar of arverns are desiguated g8
refientive. Research has corsfoveontly aﬁmwu hat fmpulsive ehildren par-
forin relatively poorer acrees a vesioty of notor, perceptunl, and concap-

tual tazks which typleally yequire an inhibdtion of the choice_zéaponse in

order to optlmizc pezfcrn:nne. If ghio 18 the cage, then the conceptual

teapo dimension should be pxn\¢u?‘u¢ of HeEforences in perforrwance on 2

lecraing task which requlser tzaporal npaciag of rezprnzes in order to

reximize reinforcement.

Onae such task 13 darive! &xom oporan conditloning methodology and
consinte of reapunding on a tolagrespdb key progremmed to provide reinforce=
ment according to & DRL 6 sge. schedain. The schedule provides reintorce-
ment contingent upon rTecponn2t which xﬁrmiuaﬁe intar-roaponse times (LEYs)
of G sec. or longer. Resmonsan temfoating IRTg chorter than 6 gec. sre

not reinfcrced and, in addition, resct the rimer governing reinforeemant.
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Thus, in order to maxnimine reinfarc' mt, a child must reftain from engasing

in the reinforced recponse for at least § sez, Thoa alterna -fbehavior which

occura during the IRT 1s called‘collgtgfgi behaviot.” In: lhe prcaent experi-

- ment, collateral behavior is measured ijpreoaes on eithet ithtee telegraph

-‘khys which are adjacent o the diractly-keinforced reﬁpnnée key.> Previous
.’:] reeearch has ghown that vnder guch om arranwcment, nécomodation'to the DRI,

_;scbmdﬂle requirenant is accompanied by regular and Itenuant occurrcnéég of

- ungcheduled cellaternl tchevior and that this eollateral behavior,through

- the effects of advcnt*tlvuq Lciugc\cemcnt, can gerve a wedlating tunctjon that

—————

regulates the temporally dlb”& imingted porfct,ance fSLain and Lanuis, 1973)
The present stuly dogumonts the pariormance ef cognitively 1qpplslve
and reflective chilldren cperwating under a IEL gcheduls ¢f reinforcement by

measuring reoponse ratne, relnfoxeamont raton, walnforcensnts per Tesponse

rate {(i.e., efficilency), diastpibution cf IEIs, snd the behavioral mechunisms
used to mediata succenzively weinforzssd reooponges, In addition, it sought to
examive tha role of inestructionn rbeou: the regquirements for reinforcement on

these variables.

MRTES

Subjectd: The MFF wan edminictarcd te 73 thirxd-grade bays of a subuirban
alcmentary achool. From thie pool, 20 Impulsive and 20 reflestive children
vere identified. The meen age wes 8.34 yoers and the mesn XQ was ldloﬁ.
There were no significant d¢iffevenceas breween reflective aud impuisive

Ss on thase characteristics,
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Apporatus, The S8 ware ceated befora ) chaefa containing four adjacent

|'-'('

telegraph keys moumted 9.5 cm apn;;., Esch kay requited ;‘dawnward force

Ipur-éigit add
cownter was mouatad in the riddle of 9ha chansis to 1nd1cute the cumulntlvc
nunbrr of xoinforcemento (pcintu).' Poiata werc backed upd?? H & M cendy
reinfeorcers. White nolse (60 db) was éod&inuously prnueﬁé;a th¥ougH hesd-
phenas worn by the § swd a round attentating chnmbertﬁuuéiﬂg the pfugramming
equipment acsustically leolsted the § frem the equip?ent. The shird kuy
ftam the §gl lefe (Kay 3) woe p:cg#mmmcd o produce reinforcement accowd-

inz to a DRL 6-sec. achodula,

Prosedure. The general dnaizn im"ol v £ equal sized groups: two groupe

_of dmpulelve 88, ond Lwe growpy of E l :uiva Ss, one group frcm euch reccived

inotructiono nbovt the NAL roguizsasntn snl one group reselived no Instructicns

.

about these requiremmes.  iadlially, co a2ll Sg, Che tagk wna 1n:‘oduc@d 28 &

ecne M & H. Each polnt wan &iao Po Iy W*uwl mpanded by & £flggh of a ;ed liﬁhﬁ
abovﬁ thr counter. Noxt, to suesea [le rorcline eate of kay presnina elX )

'J‘/ :\..’ ’

83 ware asked to practice wsing the fayn kot told they would not: be able to Si;w;'
obtain points at this time. &fter o ¢ alonute beseline phase, the Ewo e .t%
Instruction Croups wers explictily feid <he mature of the contiﬁgeﬁcien thet
would be in effect during the paxt 3¢ minuien, Esraocially, théy were teld
"...if you prees the sscond koy from youn gipht, wait for 6 seconds before you
preas it again, then you'll gat 3 poin: wvory time. If you press it before

6 seconds are up, then yeu willl noz got o point and will have to wait another

6 nseconds before yenm can pet & poing,”
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Figure 2 aho'a the neen aumber of ges pousus on Key 3f”lhe Ley ptogrammwd
on the DRL & sec. schedule, during taspiine ond during eucceaaive 5 minute in~

C

tervals thraughouz training. Mo diffeoreses ia reaponso ratc between the groups

occurred during bascline (P =031, df = 2/35, p > .10). Hovcver. throughout

DRL troiniung nggéfifigé;pain effacts wore cbtalned for Instructions (F = 6.065,
df = 1736, p wZ.01), Ccamgptgnl Tempo (7 o 4.51, 88 = 1/36, p =<.04), and
Tiom (P~ 3.19,df = 5/180, p = L. G1). Comparicon of group meaﬁs by t-tauts
sheved that inetructione abouy the contingencien sigrificantly reduced the
responsa rate of lmpulasives (Growp 11I) cowpared to ﬁniummruétcd inpulsives
(Group INI) (p & .0035). Tha Unimntreeled Roflectives (Group RNI) ddd not¢ éiffer
sigexficant'v from tha Inntrveted Reflcetives (CGroup RI). Though beth Instrvc~
ted groups regponded with sisiler vates, L E) diéfe;gn@@»?gtwaen IKI gnd RHX
grovps wea aigniggcamm {p £.01), iz wau alne found that while the race of

//reapcading docreaped fxom the fivst 3 E&a last 5 minetas of tﬁaininé for both
the INI (& = 2.73, df = RB0; p ol 0L} and WNY (¢ = 2.50, df » 180, p =»£.05)
grovps, both fmstructad groupe rasgendind b, sopanedslly the nawme low rote
throughoutt DRL trainingz.

Figure 3 shere thae mans aamboe of oollsteral rasporoes per winute on the
three nonreinforced keys durnfoy bagedins and duviapg suecescive five minuta blocks
throughout DRL g;uiulmg. Agsin, no aignlifcant diffasrence Letveeon grouvps wos
obtsined during the bazeling pawisd (¥ « 0.59, 4¢ = 3439, p>».10). During DRL
training, thare was a signifiennt mahy céf ot for Instructionms (P = 13.04, 4F =
1736, p = £.001), 1a which the WY Ginup cooponded with velfably higher rates
than the II Croup (p.003}. Sinilnzly, the RNL Crewp ealtted signifi camtly

nors collatersl ruoponecs than the RX greoup (p<{.05), Significent inceractions

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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vere also obt.u:lned for both Tius X Iostructions (F = 4.14 df = 51180, p =4.001) o

-
u'“—“ EA S

ond Time X Conceptusl Tempo (F = 2. 66, df = 5/180, P -(202). Ancl‘*ues of

simple main effects revealnd t!mt uhile x:ha two inatmcted,gtoups reoponaad

vith significantly lower ratas then ths tts minstmx.ted groupa during each
. Mbdy o
time period (p {.05), only t;he unmmtxac:c:d sToups shmmd u!gnific.ant Lhangu
s e bl v-'-;,—v~ T TN e s e

over time (P = 16.36, df = 5/130, p £.01). Thus, toget:hot with the findings on

Key 3 responding, 1t woi f£omnd that only tha uninatrqcted gzoups exhibited changes

in the rece of responding during axpesurs to the DRL contingencies. Yowever,

e L,

' while the collatersl respomoa rages eisaificanily dncrecsed from the beginning

to the cnd of training for btoth.the NI (t = 4,73, df =~ 180, p £.001) end the
RNE (t = 7.36, df = 180, p{.00L) groupe, their rate of Key 3 responding had
eigpﬁ}}ng;_f.l_y_@c«:r;esamd ‘du::ing zhe pome time pexindn.

Tha dixzet «=c49.périnom; begtwrem thn wase of reaponding on Key 3 and on the
cm,‘.lsi;.mal kays {L, 2, 4} for al) gproupr are geen clecrly inm Figure 4, Serles
of one way ANOVAs Indfcated noe @iffevances wighin the IRI, II, and RI groups
in the zesponse rates acvess Lthe kays. 7.- rover, the RNI Group tended go
raopond lesd frequently on Key 3 thon en the collateral keys (F » 2,68, df =
3/36, p<£.10) ani az o rato covprroble Yo that.of the inatvueted growps.

The proporticon of TRIe N § s« for ¥aoy 3 reaponces, which reflects the

efflcionsy ef pecformonge — fhed 4=, fho prrcent of Xey 3 regponses that were

" rainforced, 18 shovm Zn Figure 5. ‘ihe oz casential snd almost identlcel

relationchips, ware obtefaed for the shoer nunber of roinforcerants pac
uinute. Again, tha farn AROBET WRIO foumd o he comparcble in the proporticn
of IRTRZ 6 sec emisted during hageline (F ~ 1.45, df = 3735, p> .10y. 4

significant main affeet was chroined for Inttrwctious for hoth the eificlency
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(P = 17.44, df = 1/36, p =<.G81) and the reinforcements per nin (F = 10.19,

df = 1/36, p =»<£.003) messures. Iuctructicrs uignifirnntl "increnaed the

- .'q\-‘
"""‘:‘3

efficiency (p( 02) and the nuuber of reinforcements obtéinod (p <.005) by
Jmpulsives. Xn contrsst, Imntructicns enphanced the effiﬂiency by Reflectives

(p ¢.03) buz did not correspos dingly increase the race of reinforcement (p>.15).
The Time x Inntmctiona intczact::lon veg aloo riguificmnt for ‘the eificiency

(P = 3,77, df ~ 5/18C, p =~ .003) sand reilnforcewsuts por mln (Fm4.21, df =
57180, p = .001) maacures. Cfmpat':’;.aunu of the firat and last time blocks
vevealed that bot‘l the DI amd REI Groups bacame wore efficient and earnad
voinforcement ot a fester rate ae & result of axtended expoaure to tha DRL
contingenc‘y (p (("DOO.L), tha RI_ﬂQr_:nup slco fopraved sfgnificinmtly on thece measures

(p (.01), while the II Gx:p:.\p Tespanded no more e""ficicn:ly and earned no more

reicforcemencn at the and than at the begianing of r‘i‘L trodning.

Although the INI greup sx=hfblted 2 elpnificantlyv higher Key 3 xesponse rate

than the XHI proup, the moin eoffanzs fer conceptual rempo on the. efficiency

(¥ » 3.04, df = 1/36, p = .08} znd refsfcresment race (T = 3.03, df = 1/35,
p-= .08) meapures failed to aftalin traditisnally ascceptsble level of signi-
ficance. Naovortheleca, furthar mmx:*hw warantad ghat wiilla the Instructed
grouze did net difffar, gha RUX Gm:.:-p '.::n.;“;cqz:.?.:v‘:r:d nora efflciently (pg.05) nud
obtoiasd morn voinforecmounen {p ‘; G233} ¢hen shoe WY Graup.

To angnes 'th atructore of thn f:-.’t..‘:'.pi:ﬂ.‘l:\?» pemornanee for cach group, thae

relativa frequancics of INT ond tha JRY/CP an Koy 3 waze obtained for the
baseline pnriod and for the fimm,. widdiz, sad laot five nmin blocks of trainiung.

The resulte ara shown in Flgurs 6. An shown, during Bscoline, ¥mpulsiven emicted

ralatively fewer long IRTo tiram Endlectiver and, pivea tha epportunicy, had a

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 _
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high probability of terminatirg IRTa of abcut & sec.  The. IRTIOP digtributions

for the Raflectives during Dnseiine were f at, indlcatingfthat the,probabilicy

of emitting an IRT of any du*nLian bctwecn 0-16 sec was tbe aume.. Hoa: notic~
: "'H’»‘?,' N, .f-' \

able was the immediate elimination of shnrt IRT3 by the 1ntroduction of instruc-

ticas and the rapid devnloynenc of an agvutate temporal diserinination by the

Instructed Reflectivc and Impulsive Crauos. The IRT diattibutions of ’he 11

gronp remained ezgsentiaily unchamped throughout training while thes RI Group
sheved a more gradual development of a preciecc discrimination. In contrast, the
Mninotructed Impuiaive ond Roflective Grouvpe gorerated considerably wmore IRTs

in the shortor categoviza .htvuOHQui training. Invneither group wa& bureting
{(1.2., 0-2 gec IRTE) elininated entivelir; howaver, for Group INK, approximately
302 of all IRTs werc im the (-2 2o satepory duving the lest five min of train~
ing. 1In contrest, Chisz percectage ic eguallcd by the MY Group only during the
first five min of traiaing, Tharaﬁfcer,'the percentoege of 0-2 sec IRTg decrzaased
steadily uneil, at the cad of trolning, only i0% of che IRTs were less thon 2
aen.

The propertion of bursis {i.o., a noqucnce of twe or more responses with
IRT € 2 ses.) immediately follewing vefnforend vosponces wes decermined. It
was found th3t, on the averagn, Cor Croup MY 317 of the reinforced raspcnses
vere followad imwedistely by buxcting while for Grouss II, RNI, and RI the m=zan
proportians vere 27, 6% mdé 0¥, roaprnt‘vr?a. Statintical asnalysis indicnted
oo differences betvween thcsw ilsiier groups buz each was significantly different

from Group INI.

Questlons'? Contact FDA/CDRH/OCE/DID at CDRH FOISTATUS@fda hhs.gov or 301 796 8118
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. DISCUSSICN

Since there wers no d‘iie*cnces betteen teflective'and'impulaive Ss on the

. baseline measuren of votox octivity, the diiferences 1n reuponding between thease

groups duiing DRL wuat bLe accounted foi ia terws othez sha1 3.mp iy difforential

A 71

'predlopositionn to respond at fonter or sleuer rates. The _present reaulta

sugpoot that whether or not cogn*tive’ ivpuluive and reflectivn children ex-

hibic high or low vespoase vates dopande upon the ! stimulun ntructuge or lack

of ombigulty preacnt £or the child i» the iecarning situation. Yhen the DRL

tagk was structured and made unambiguoue {lrough expileit instructions about

—

the requizementa for zeinforcenient, there wers ao rolisble differences between
impulsives and rafieciives. Howaver, when tha DRL took was unstructured and

anbig Zuous, guch thag the reiatienships botween the taas, rhc S s behavxor, and

the conscquencvs cf rnn behreior worse 1nspf:i”iod, rellnb’e dif’ Pronces between

raflaceive snd lmpuuu‘"e ch 13dren emesrged. Uunder thore latter eenditions,
$mpulsive chlldrwn cmitted Mgher voves of the reinforced rasponse, tended to
obtafn fewer reinforcemants, wera lnss 2f£iciemt, cnd reoponded with cqual

frequancles on all che veoprnne koys. I congrast, vninastrueted reficciives

caitted a signdifleanily lowar responzs rake on the reinforced key in comparisom
to the gollateral kern.
The higher vesponne xxta enxhibited Ly the uninstructed impuleives was not

a function of a highar general avoveol o cotlvicy level. Rather, the higher

o)
S &L\ rnucs wore the resuls eof wepid wepetitlons of the reinforced response {i.e.,
Ky e e—
r“d w! Y xCoponse bursts) acd thelr eccwrionce wes cpeciflenlly rclatnd to the effiects
| cf teinxarccmcnc. fapid hurste of roonoedivg typically occurred under two con—
. dictona: (1) fer hoth wnluntrueted rofleczcive end lmpulsive children burating

Questions? Cantact EDA/CDRH/QCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118




Records processed under FOIA 'Request 2014-6917; Released 10/21/14

2
® ' o st 5
occurred following nonreinforced Key 3 responses, snd (2) for uninstructeu

& ,"“i.". e ~

1mpulaive childreu only, burating alao oecurxed followin kréinforced Key 3

) responses, In the fizst: inJ!nnca, bursting probably reflected an accommoda~

———— =

p”p “ tion to an unroceived but anticipated churd. In the uecégiyinatance, which
ks vas specific to uninstrvceed impulaivaSs, bursting appenréa,ha en operant
under the discriminative control of the priorx reinforcemeﬁ:;;‘Thus, for
uninstructed impulsofive 8o, reinfofcement may have served Qa an SD for rapid
tepetition of the seme rvespouse. In conzzant, with uninatructed reflectives,
// reinfgfgenonc may haye aznyvad aé an SD' gQ gﬁgggg»in collqteral thgviot
whifh e:fcctimely mndis ed tha IRT.

\/

The obgervation that raiufogénmens ;s' control dlffetent.beﬁavioral tend-
encies for reflective and impulcive chiiéren in previously unstructured situa-
tions is also relewvant o tha propoesl that dmpulsives fail to discriminate as
accurately these sitvations in which lt ls cppropriaie Lo wespond slowiy. The
data ghovm in Fig. & support chis hypothoais, euch that the INI Group rouponded
with equal frequeacy on all kevg, while the KNI Group rceponded less ftequenﬁly
on. the reinforced key thonm on the coliszeral keys. Thus, impulﬂives exhibited
a flat or broad gradient of “nﬂﬂra’} fon rnd veflectives exhibited s sharp
gradient of generalfzation with n peai av the hey directly assoslated with
reinforecemnnt. Sinca o sfcey generalizacion grodient reveals the presence

v

af n *scximimation, it 1o poooddise theot vefleoctives discriminated stimulidl
\
iag: sefsaced with rednforcemnnt frem those pesociated with non-reinforecenent.

The broad generalization gradicng cobtalned fvom the uninstructed impulsive Ss

reveals the pbsence of cuch a dieerimination. Thie intezpretation, how wBVLT,

"1 is limited by the finqlng that impulsives obunined fewar reinfcrcements than

Questions? Contact FDA/CDRH/OCE/DID at CDRH- FOISTATUS@fda hhs.gov or 301-796-8118
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~ J. Clild Psychol. Psychiat., Vol. 12, 1971, pp. 129 to 139. Pergamon Press. Printed in Great Britain.

ATTENTION IN HYPERACTIVE CHILDREN AND THE
EFFECT OF METHYLPHENIDATE (RITALIN)*

- DonaLp H. Sykes,t Vireinia 1. DoucLas, GABRIELLE WEIss and Kraus K. MinDE

 Departments of Psychology and Psychiatry, McGill University and the Montreal Children’s Hospital,
Montreal, Canada

CHILDREN are frcqucntly dcscnbed as overactive, particularly by parents and
teachers. Lapouse and Monk (1958) estimated that some 50 per cent of all children
between the ages of 6 and 12 yr are described by their mothers as highly active
although their activity is not necessarily a problem. Stewart et al. (1966) have
estimated that 4 per cent of all school-agc children show a level of activity sufficiently
excessive and sustained as to be a serious source of complaint at.both home and
school. Such children have been labelled “hyperactive” by clinicians.

Given the problems surrounding the definition and measurement of activity
level, particularly in humans (Cromwell, Baumeister and Hawkins, 1963), it is by
10 means surprising that there is little agreement on the definition of hyperactivity.
For some investigators it implies a greater quantity of movement (Schulman, Kaspar
and Throne, 1965), but this has been questioned by others (Werry and Sprague,
1970). Cromwell et al. (1963) have suggested that the “overactivity” of “hyperactive”
children may be a reflection of the short attention span and rapidly changing goal
directions of such children. Thus, these investigators argue that hyperactive children
may be thought of as children whose behaviour is fragmented or disorganized and
continually changing direction such that an impression of a high level of activity is
created.

Certainly, the inability of hyperactive children to maintain their attention toa
task has frequently been remarked in the clinical literature. However, other than the
clinical statements and the remarks of teachers and parents, there are few experi-
mental studies which clearly show an attentional deficit in such children. In fact,
there is no reliable evidence that they are impaired on the usual tests of attention,
such as the coding subtest of the Wechsler Intelligence Scale for Children (Douglas,
Weiss and Minde, 1969). It has been suggested with respect to this latter test, that
if the attentional impairment took the-form of brief lapses in attenticn, then per-
formance on the coding test need not necessarily be impaired. The naturce of the

*The research was supported by a research grant from the Ciba Pharmaceutical Company,
Dorval, Quebec, to Dr. G. Weiss.

4Present address: Department of Psychology, The Queen's University of Belfast, Belfast, Northern
Ireland.

Accepled manuscript received 16 April 1971
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coding test is such as to allow the subject to compensate for any brief lapses by
working rapidly in between lapses (Rosvold et al., 1936).°In contrast, impaired per-
formance due to momentary lapses in attention should be noted on a task in which
the arrival of significant information is unpredictable. 'A task designed tc meet these
requirements was constructed by Rosvold et al. (19:)6), pamely the Continuous
Performance Test.

This task requires the subject to monitor a screen on which letters appear at
regular intervals and to make a response whenever a previously specified stimulus
appears. The test is similar to many of the tasks used in vigilance studies. Any
momentary lapse in attention which is coincident with the appearance of a significant
stimulus would appear as an error of omiission. Thus, the primary purpose of the
present study was to examine the performance of a group of hyperactive children
relative to the performance of a group of normal control childrenona task susceptible
*to momentary lapses in attention, ~

It has been observed that motor restlessness in adults increases with time on a
vigilance task (Baker, 1960), although no relationship was found between actual
performance on the task and the increase in restlessness. In the present study the
motor restlessness of hyperactive and normal children while seated during the

Jattention task was also examined, using a stabilimetric cushion after the design of
Sprague and Toppe (1966).

The third purpose of the study was to investigate the effect of methylphenidate
(Ritalin), a central nervous system stimulant, on attention in hyperactwe children.
A number of investigators have found this drug particularly efficacious in the treat-
ment of hyperactive children (Campbcll Douglas and Morgenstern, 1969; Coh=n,
Douglas and Morgernstern, 1969; Conners, Eisenberg and Sharpe, 1964; Douglas
et al., 1969; Eisenberg, Conners and Sharpe, 1965; Knights and Hinton, 1969;
Sprague, Barnes and Werry, 1970; Weiss et al., 1970). However, there is still some
question as to its specific effects on sustained attention in hyperactive children
(Conners et al., 1964). '

METHOD

Subjects

Since the reliable and valid measurement of activity has proved to be a difficult
task (Cromwell, Baurneister and Hawkins, 1963), no exact definition of “hyperactive
child” in terms of a measured quantity of movement or activity has yet been made.
Consequently, the definition of such children in the present study was an operational
one based on the selection criteria used. For a child to be included in the study,
hyperactivity had to be the major complaint. That is, both the child’s parents and
teacher had to specify the overactivity of the child as their major complaint and the
reason for the referral. Furthermore, such hyperactivity had to have been present as
a chronic problem since early childhood and be sustained throughout the day. To
ensure as homogeneous a group as possible, children diagnosed by the child psychia-
trists as psychotic, epileptic or brain-damaged, or whose major-presenting symptom
was behaviour disturbance of an emotional nature, were excluded from the study.

Forty children (34 males and 6 females) who met the above criteria were included
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in the study. The ages of the Ss ranged from 5 to 12 yr (mea.n age = 8 yr; sd. =
1 yr 9 months) and their intelligence quotients (as measured by the Wechsler Intelli-
gence Scale for Children (Wechsler, 1949)) were not less than 80 (mean LQ. =
1115 s.d. = 11).

A control group of 19 normal children, matched for age, sex and 1.Q. with 19
of the hyperactive children, was also tested. The two groups did not differ on mean
age (f = 0-003, df = 18, NS) or 1.Q.. (t = 0-018, df = 18, NS). The control children
were selected from the normal school population of the City of Montreal.

All of the children were English spedking, living at home with at least one parent -

and were attending regular school classes.

Measures

Attention task. The Continuous Performance Test (C.P.T.) is an experimenter-
paced task, that is E controls the arrival and duration of the task stimuli. A series of
letters are presented one at a time on a screen. § is required to monitor the screen and
respond whenever a specified stimulus, the significant stimulus, appears. Three
variables were manipulated in the present study, namely task stimuli, distraction,
and interstimulus interval. _

There were three separate series of task stimuli, referred to as the X the 4X and
the Form sequences. These task stimuli differed in the following respects. In the X
sequence 12 letters appeared onthe screen in a Tamdom serial order, the letter X being
the significant stimulus to which § had to respond. In the 4X sequence the same 12
letters as in the X sequence were used, but here the significant stimulus to which §
responded was the letter X only when it was immediately preceded by the letter 4.
The stimuli for the Form sequence consisted of seven geometric shapes in one of five
colours. The significant stimulus to which § was required to respond was ared triangle.

Each of the three sequences (X, AX and Form) were presented under two con-
ditions of distraction, minimal and intermittent noise. In the minimal condition §’s
room was kept as free as possible of extraneous d1stract1ng noise. In the intermittent
condition white noise (80 decibels) was piped into §’s room at frequent random
intervals. ‘

Each of the three sequences was displayed at two interstimulus intervals, 1-0
and 1-5 sec. Thus, for both groups of Ss there were three sequences (X, AX and
Form), two distraction conditions (minimal and intermittent noise) and two inter-
stimulus intervals (1-0 and 1-5 sec), making 12 trials in all for each § (i.e. a four-way
complete factorial design).

On each of the 12 trials a total of 200 stimuli were prcscnted Thus, at the 1- 0 sec
interstimulus interval a trial was continuous for 3-3 min and at the 1-5 sec inter-
stimulus interval for 5 min.

Motor restlessness. Restlessness while seated was measured with a stabilimetric
cushion (Spraguc et al., 1966). Movements of the § on the seat in the left-right and
front-back directions activated microswitches placed underneath the cushion. The
microswitches were connected to digital counters which gave a total score based on
the movements of the § in all directions.




Records processed under FOIA Request 2014-6917; Released 10/21/14

132 D. H. SYKES et al.

Procedure -

All §s were tested individually. Each § visited the hospital on two occasions to
complete the initial (pre-drug) testmg During the first session 6 of the 12 trials were
given, the remaining 6 trials being given during the second session. The trials were
randomized such that order effects were controlled. During the actual testing S was
alone in the test room, while £ was in an adjoining room momtormg the equipment
and §’°s behaviour through a one-way screen.

- Upon comp]ctlon of the initial testing each of the 40 hyperacmc children was
assigned, using a randomized code provided by the Ciba Pharmaceutical Company,
to one of two groups, Active Drug or Placebo, using the double-blind technique. The
two psychiatrists then titrated the drug for each of their patients until the optimum
clinical effect, based on the parents’ report of the child’s behaviour and the
psychiatrist’s evaluation of that report, was reached. For most of the children, this
optimum clinical effect was reached when the dosage was in the region of 30—-40 mg
per day. Each hyperactive child returned for retesting (again for two sessions) while
on either the active drug or a placebo, 5-7 weeks after completion of .the initial
testing. The code was not broken until on-drug testing was completed. The control
Ss were seen only for the initial testing (i.e. for only two of the four sessions).

RESULTS

On the C.P.T. there were two dependent measures, the absolute score and the
error score. The absolute score is a measure of the Ss accuracy in detecting the
significant stimuli (i.e. No. corrc.: responses/Total no. significant stimuli presented X
100) and the error score is the number of responses to non-significant stimuli.

Hyperactive-control comparisons

Two separate four-way analyses of variance, repeated measures design (Winer,
1962) were used to compare the absolute scores (Table la) and the error scores
(Table 1b) of the hyperactive and normal children. The four factors were, (1)
Groups—hyperactive vs. control, (2) Sequence—X, AX and Form, (3) Interstimulus
interval—I1-0 sec vs. 1-5 sec, and (4) Distraction—noise vs. n.o noise.

A significant Groups factor (p < 0-025) was obtained when the absolute but not
the error scores were analysed. This finding indicated that the hyperactive children
made significantly fewer correct responses than did the control children (mean
hyperactive group = 75-34 per cent, mean control group = 84-49 per cent). How-
ever, the groups did not differ with respect to overall number of errors (mean hyper-
active group = 6-69, mean control group = 6-12).

Two other main factors were also found to be significant, namely Interstimulus
Interval and Sequence. The significant interval factor indicated that both groups
of children (hyperactive and control) made more correct responses and fewer errors
when the slow (15 sec) rather than the fast (1-0 sec) interstimulus interval was used
(1+3 sec interval: mean correct both groups = 85 per cent, mean errors = 5-37:
1-0 sec interval: mean correct = 745 per cent, mean crrors = 7-73).

A main effect for Sequence was found only when absolute scores were analysed
and indicated that both groups of children made more correct responses for the X
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Tanle I. TWO FOUR-WAY ANALYSES OF VARIANGE (REPEATED MEASURES) OF THE ABSOLUTE AND RERROR SCORES ODTAINED BY HYPERACTIVE AND ‘
NORMAL GHILDREN ON THE CONTINUQUS PERFORMANCE "TEST

(1a) Absolute score (1b) Error score
Source df MS F y MS F .
B\:lwc;:n Ss )
Groups 1 9126-32 6-76 < 0-025 37-06 0-25
§ (within groups}) 36 1350-33 14780 - -
' -
Within Ss L . : ' -
s Sequence 2 90337 3:64 < 0-05 32:00 . 1-21 2
P Groups X sequence B 2 363-14 2504 095 o
R Sequence § (within groups) - 72 247-95 26-35 o)
i . . Z
i Distraction ' 1 198 ' 898  1-30 5
%l Groups X distraction . ; 1 351 : - o7 Q10 :
5 Distraction § {within groups) ' 36 3566 C 6-93 3
':_I . " . “ ~
Interstimulus interval : “ 1 13882-15 158:14 < 0005 313:3¢ . 2039 < 0:005 ;
Groups X interval i 0-00 130-56 849 < 0:01 >
Interval § (within groups) 36 . 8178 15-37 3
: Sequence X distraction 2 6-64 '10-86 155 5
¥ Groups X sceuence X distraction 2 22:10 11-42 2:06 o
,. Scquence % distraction § (within groups) 72 3344 7-01 i
k. . =
: Sequence X interval 2 318-03 3.9 < 0-025 15-13 0-92 e]
;f Groups X sequence X interval | 2 97-65 1-23 0-08 g
i Sequence X interval § (within groups) . 72 80-22 ' 16-37 Z
F Distraction X interval I 94-87 ' 043 0-04
o Groups X distraction X intcrval 1 72-64 : 0-00 200
& Distraction X iutcrval § {within groups) 36 49-08 10:25
gi Sequence X distraction X interval | 2 2752 149 0-19
!: Groups X sequence X distraction X interval 2 43-24 : 0-60 008
v Sequence X distraction X interval § (within groups) 72 54-82 772
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(mean = 82-29 per cent) than for the Form (mean = 80-31 per cent) and AX
(mean = 77-44 per cent) sequences respectively. Mean errors did not differ signifi-
cantly across the three sequences (mean X sequence = 6 74, mean Form sequence =
5-88, mean AX sequence = 6-59).

The main effect for Distraction did not reach sxgmﬁcancc when either absolute
or error scores were anlysed. Thus it may be concluded that the distraction factor
did not produce any significant decrement in the C.P.T. performance of either group.

Only two interactions reached significance, Groups by Interstimulus Interval
(for error scores only) and Sequence by Interstimulus Interval (absolute scores
only). The Groups by Interval Interaction is represented in Fig. 1, and indicates
that although the hyperactive and control children made a similar number of errors
at the fast interval (1-0 sec), the control children made significantly fewer errors at
the slower interval (1-5 sec) than the hyperactive children.
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Fic. 1. Incidence of errors on the continuous performance test of the hyperactive and
control groups at two interstimulus intervals.

The significant Sequence by Interval interaction indicated that the difficulty of
the three sequences, X, 4X, and Form depended on the interstimulus interval used.
For the 1-0 sec interval more correct responses were made by both groups to the X
(mean = 78-36) than tc the Form (mean = 74-46) or AX (mean = 70-67)
sequences. When the 1-5 sec interval was used the order was Form (mean = 86-16),

. AzY (84"21) and JY (82'22).

Motor restlessness

The total activity scores for each § accumulated during each of the two testing
sessions were first transformed to logarithms to reduce the large variation between
Ss (Winer, 1962) and then analysed by means of a two-way analysis of variance,
repeated measures design. The two factors were Groups (hyperactive vs. control)
and Session (lst vs. 2nd visit).
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The hyperactive children accumulated significantly greater activity scores than v
the control children (F for groups = 6-84, df = 1/36, p << 0-05). The main effect

for sessions also reached signiﬁcancc, indicating that for both groups restlessness

increased during the second session (F = 192:27, df = 1/36, p < 0-001). Moreover, - :

the significant Groups by Session interaction (F = 7-81, df = 1/36, p < 0-01)
* indicated that the restlessness of the hyperactive children increased at a faster rate
from the st to the 2nd session than did that of the control children (Fig. 2).

e———e Hyperaclives
s-v—-e Conirols
60—

40— ) -

. -
—
-
-
—-—

Mean actlvity acore

204 Lol

~4 L ' | -

Testing session

-

Fic. 2. Resuessness scores of hyperactive and control children during two testing
sessions.

Drug comparisons

Despite the fact that the hyperactive children were randomly asmgncd y either
the Active Drug or Placebo group (M = 20 per group) and a double-blind technique
was used, it was found that those hyperactive children receiving the active drug had
actually obtained poorer pre-drug C.P.T. scores than had those placed on a placebo.
Consequently, it was necessary to use analyses of covariance (covarying for initial
C.P.T. performance) on both absolute and error scores when evaluating the effect
of methylphenidate compared to placebo.

Two-way analyses of covariance (Winer, 1962) were completed on each of the
three task sequences (X, 4X, and Form) separately. The two factors were Groups
(drug vs. placebo) and Interval (1-0 sec vs. 1-3 sec). Distraction (noise vs. no noise)
was not used as a main factor in these analyses since the previous analyses (Table
1A and IB indicated that it did not affect performance.

For all three task sequences, the active drug group had a significantly higher
absolute score than did the placebo group (p < 0-005 in all three cases). The active
drug group also made significantly fewer errors than the placebo group on the X
(p < 0-005) and Form (p < 0-05) but not the 4X sequences.

The main effect for Interval was significant for all three task sequences when
absolute scores were analysed. As in the initial analyses, this finding indicated that
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Ss made more correct responses when the slow rather than the fast interstimulus
interval was used. They also made fewer errors when the slow interval was used, this
effect reaching sxgmﬁcance only in the analysis of error scores on the 4.X task.

The Groups by Interval interaction was not significant in the analyses of absolute-
scores for-any of the three tasks. When error scores were analysed, however, this
interaction reached significance in the X condition (r< 0-5) and showed a trend
in the AX condition (p < 0-10). This interaction is illustrated in Fig. 3 and indicates
that whereas the active drug group made fewer errors at the slow than at the fast
interstimulus interval, the placebo group made a similar number of errors at both

speeds. The behaviour of the active drug group in this respect is reminiscent of the

behaviour of the ~ormal control children at the slower speed (see Fig. 1).
. : T o——s Active drug
X Sequence AX Sequence Form Sequence *~~~~* Placebo.

L L
——— .
———ey

-
-
-

Mean number or errors
£y
I
*

! ! ] : 1 ol [
I-0 15 0 -5 -0 1.5

Interstimulus intervals

F1c. 3. Incidence of errors on the continuous performance test of the active drug and
placebo groups at two interstimulus intervals.

DISCUSSION

The results of the present study lend support to the hypotheses that hyperactive
children are deficient with respect to their ability to maintain attention to a task and
are physically more restless than normal children.

On a three-part task (X, 4.X and Form) requiring the monitoring of a screen, the
hyperactive children detected significantly fewer of the significant stimuli. They also
made significantly more responses to non-significant stimuli than did the control
children at the slow, but not at the fast interstimulus interval. It should be noted,
however, that the performance of the hyperactive children was not as impaired as
that of the brain-damaged and centrencephalic epileptic children studied by Rosvold
et al. (1956) and Fedio and Mirsky (1969).

Three task variables were manipulated in an attempt to ascertain whether
hyperactive and normal children would respond differently under different con-
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ditions. The three variables were (1) sequence, (2) distraction and (3) interstimulus
interval. ' '
It was found that the three seruences used did not differ in order of difficulty for
the hyperactive and normal children, all subjects finding the X sequence easier than
_ the Form or 4X sequences at the slow (15 sec) interstimulus interval and the Form
sequence casier than the 4X or & sequences at the fast (1-Osec) interval (as measured
by the absolute score). . :
Similarly, the second variable, namely distraction, did not differentially affect . '
hyperactive and control children, contrary to the widely held view that hyperactive . i
children are more susceptible to distraction than are normal children. The present - l
study found that the performance of neither group of children was affected by the
: particular type of distraction used (intermittent white noise). Fedio et al. (1969) ' ;
also failed to find any eflect of an intermittent pure tone of 101 decibels on the C.P.T.
performance of normal and epileptic children. Sen and Clarke (1968) point out that
susceptibility to distraction is related to task difficulty. The more difficult the task,
especially as it reaches the limits of the information processing capacity of the
individual, the more deleterious the effect on performance of extraneous stimuli in
the form of a distractor. It is possible that if the demands placed on the information
processing capacities of the individual by the C.P.T. had been greater, then the
intermittent noise might have produced a decline in performance. Certainly, the
hypothesis that hyperactive children are more susceptible to distraction than normal
children is neither confirmed nor denied by the findings of the present study but
| needs to be tested more systematically, taking into account such variables as type
| of distractor and level of task difficulty (i.e. information load).
i The third variable manipulated, namely interstimulus interval, did affect the
‘ C.P.T. performance (error scores only) of hyperactive and normal children
i differentially, since normal children made significantly fewer errors than the hyper-
| active children when a slow (1-5 sec) rather than a fast (1-0 sec) speed of presentation
| was used. Since “errors” are responses to non-significant stimuli, this finding suggests
% that additional time between stimuli helped normal children more than hyperactive
i children to evaluate each stimulus more effiziently and thus to inhibit their responses
| lo non-significant stimuli. That hyperactive children are more prone than normal
i children to impulsive responding is well documented (Campbell et al., 1969; Cohen
¢ et al., 1969; Conners and Greenfeld, 1966; Stevens et al., 1968) and it would be
’l interesting in a future study to see if an even longer interstimulus interval would help
“ hyperactive children to make fewer errors on the C.P.T.
|
|
i
%
i
|
i
|
|
\
|

As expected, the hyperactive children were more restless (as measured by a
stabilimetric cushion activity score) than the normal children. Also, their restlessness
increased from the Ist to the 2nd testing session at a faster rate than did that of the
normal children. While Cromwell et al. (1963) have suggested that the “hyper-
activity’ or restlessness of these children is a result of an inability to maintain
attention, it is not yet possible to specify the cause-effect relationship, if any, between
these two variables. As techniques for measuring activity or movement become more
sophisticated, it may be possible to examine in detail the relationship between these
behaviours.

The findings of the pres~nt study demonstrate that methylphenidate significantly
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improves the C.P.T. performance of hyperactive children: the hyperactive children
on the active drug detected more significant stimuli and made fewer errors or
(impulsive) responses to non-significant stimuli than did the hyperactive children
given a placebo. In fact, the Drug Groups by Interstimulus Interval interactions
obtained when error scores for the X (p < 0-05) and 4X (p < 0-10) sequences were
analysed suggests that the effect of the drug is to enablé those taking it to make fewer
errors at the slow speed compared to the fast speed of presentation of stimuli. In
other words, it apparently helped the hyperactive children to evaluate the stimuli
more effectively and thus to inhibit their responses to non-significant stimuli. This is
in contrast to the hyperactive children given a placebo who did not show a similar
reduction in errors at the slow interstimulus interval.

An important question which the present study could not answer owing to
technical difficulties was whether mcthylphemdate reduced the physical restlessness
of the hyperactive children. Such a reduction in the physical restlessness of hyper-
active, emotionally disturbed boys given methylphenidate has recently been reported
by Sprague et al. (1970). Clinical observation by the present investigators and the
parents of the hyperactive children suggests that methylphenidate did reduce rest-
lessness (as found by Knights ef al., 1969; Weiss ef al., 1970). In the light of the
Cromwell et al. (1963) suggestion that the restlessness of hyperactive children is not
mere activity per se, but continued shifting from task to task because of short attention
span, it may be that the effect of methylphenidate is to improve the ability of hyper-
active children to pay attention (as demonstrated on the C.P.T. in the present study)
such that they shift less from task to task and thus appear less restless or active.

In conclusion, while the present study provides some evidence that hyperactive
children are deficient with respect to sustained attention it is clear that future
research must examine behaviours that are more closely related to the actual atten-
tional demands placed on the child in the school setting. In other words, the emphasis
must be on the discovery of the variables influencing attention in the school setting
and on the manipulation of these variables in an attempt to ameliorate the attentional
difficulties currently experienced in school by many hyperactive children: Also,
while the present study provides some evidence that methylphenidate has a beneficial
effect on the pérformance of certain relatively simple tasks over a short period of time,
we need to know whether this beneficial effect also applies to more complex behaviours
over longer periods of time.

- - wSrT oYY vor twvwrwe

SUMMARY

The maintenance of attention to an experimenter-paced task requiring the
detection of significant stimuli was impaired in hyperactive children. When com-
pared with a matched normal control group, the hyperactive children detected fewer
of the significant stimuli and made more incorrect responses to non-significant
stimuli. The presence or absence of an auditory distractor had no influence on the
performance of either group of children. Those hyperactive children treated with
methylphenidate (ritalin) showed a significant improvement in all aspects of their
performance when compared to a control group of hyperactive children given a
placebo.
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‘The Computerized Continuous Performance

Task: A New Measure of Inattention

Steven H, Klce
Beth Israel Medical Cenier

Barry D). Garfinkel

University of Minnesota Medical School

Altentional performance was measured using a computerized continuous
performance task, several psychometric tasks, and ratings of ciassroom
behavior. Subjects were 51 children in the inpatient and day hospital
programs of a psychiatric hospital, The relationship between performance
on the computerized task and all other measures vas examined. Results
indicated that the continuous performance lask significantly correlated with
several other psychometric measures of inattention, ratings of inattention,
impulsivity, and hyperactivity. The CPT had slightly better sensitivity and
the same specificity as the Conners Teacher Rating Scale in identifying
Conduct and Attention Deficit Disordered children. Implications for the
use of the computerized continuous performance task as a screening
measure for atlentional difficuities is discussed.

The Continuous Performance Task (Rosvold, Mirsky, Sarason, Bransome,
& Beck, 1956) was originally designed to detcct and study brain damage in
boih children and adults. This carly report indicated that the brain-
damaged group’s performance was consistently inferior when compared to
nonimpaired controls. It was suggested that thé inferior performance
resulted from decreased alertness in the brain-damaged group.

Vigilance or continuous performance tasks have been used to measure
sustained attention in adolts (Kupietz & Richardson, 1978). 1V heir use with
Mention Defizic Disovdar (4112) chitdren is sl approgiiade os the .
children are described as inatientive, distractible, fidgety, restless, and
impulsive (Cantwell, 1972). When vigilance performance of nonmal

Manuscript received in final form Febyuary 23, 1983,
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children was compared to that of ADD children, the index children
performed less accurately- (Sykes, Douglas, & Morgenstern, 1973). These
authors concluded that the clinical group's poor performance was a
symptom of generalized behvioral problems that appeared as
inattentiveness and distractibility in other settings. Kupietz and Richardson
(1978) reported that teacher ratings of classroom behavior were
significantly and negatively correlated with 'visual vigilance task
performance. Additional evidence for the relationship of poor vigilance
performance and attention deficits has been provided by Douglas (1972)

and more recently by Weingartner, Rapoport, Buchsbaum, Bunney, Ebert,"

Mikkelsen, and Caine (1980).

As continuous performance tasks are used more frequently in the in-
vestigation of attention deficits, it will become increasingly important to
clarify the behavioral, perceptual, and cognitive dimensions measured by
the Continuous Performance Test (CPT). Recent studies employing the
CPT have recplaced the laboratory equipment with morc precise
microcomputers, The computer is able to present stimuli at clearly defined
intervals and simultaneously record subject responses. The CPT provides
two dependent measures: omission and commission errors. Omission errors
are reportedly sensitive to problems of inattention, while commission errors
are thought to be indicative of problems of impulsivity (Sostek,
Buchsbaum, & Rapoport, 1980). However, few studics have attempted to
correlate CPT performance and other commonly used measures of
inattention, concentration, reflectivity, impulsivity, and childhood
behavior,

The present study explored the relationship between a CPT task and
other psychometric measures for children hospitalized with psychiatric
disorders. Vigilance as measurcd by CPT performance was hypothesized to
correlate strongly with other psychometric measures of attention,
reflectivity, and impulsivity. CPT performance was also compared to
ratings of the child’s behavior on the Conners Teacher Rating Scale (CTRS;

Conners, 1969). It was hypothesized that poor CPT performance would

identify children with marked behavioral problems as indicated by high
overall scores on the CTRS. More specifically, it was predicted that CPT
performance would correlated significantly with CTRS Factor 1 (conduct
problems), Factor 2 (inattention), and Factor 4 (hyperactivity), and not
with Factor 3 (anxiety) and Factor § (sociability). If the computcerized CPT
could identify a highly distractible and impulsive group of children, this
would be a brief and accurate method of validating teacher obscrvations
and would serve to confirm deficits measured by other psychometric tests.
A scecondary purpose of this study was to explore the relationship of the CPT
to specific diagnostic catcgones Of particular interest was the usefulness of

Continuous Performance 489

the CPT alonc and in combination with other mecasures in providing further
clinical description of Conduct and Attention Deficit Disorder children.

METHOD

Subjects

All children admitted to the full or partial hospitalization programs at
a children’s psychiatric hospital constituted the subject pool. Exclusionary
criteria included documented scizure disorders, brain damage, and 1Q
scores on the WISC-R (Wechsler, 1974) of less than 70. 1Q scores were
coded on a 5-point scale ranging from 1 (borderline 1Q = 70-79) to §
(supcrior IQ = 120+ ). These categorics matched those provided in the WISC-
R manual. The mean IQ of the subject sample was 2.7 (SD = .9) (low
average-average range). The final sample consisted of 51 subjects (13 F, 38
M) with a mean age of 12.5 years (range: 7.9-16.5).

Patients involved in this study were referred for a wide variety of
presenting problems, including delinquent behavior, mood disturbances,
severe behavioral problems (at school and at home), and thought disorders.
On the basis of DSM HI diagnostic categorics, subjects’ adimission
diagnoses fell into five major categorices, including Conduct Disorders (N =
23), Schizophrenic Disorders (N = 10), Attention Deficit Disorders (N =
7), Major Affective Disorders (N = 5), and Other (N = 6),

Procedure

All subjects were tested individually by one of two experimenters for
30 minutes and included tlie following measures:

" Continuous Performance Task. This task was similar in concept to
that employed by Rosvold et al. (1956). The CPT was programmed in
PASCAL utilizing an Apple 1 computer. The task consisted of 10 letters
flashing on the center of a black-and-white videco monitor for 130
milliseconds at the rate of 600 milliseconds between letters. The target was
the letter S followed by the letter 7, The task was to press a bar when the
turget appeared and to avoid responding (o other letter combinations. All
subjects were exposed to 500 fetters, with 10% of them being tarsets. Two
dependent measures were obtained. An error of omission was scored for
cach farget missed, while a commission error was scored witen a 1esponse
was made to a nontarget stimulus.
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Kagan Matching Familiar Figures Test (MFFT). The children’s form
of the MFFT was uscd. This test measures refiectivity-impulsivity (Kagan,
1964), aiscriminates between ADD and non-ADD children, and is sensitive
to stimulant drug effects (Campbell, Douglas, & Morgenstern, 1971). The
test consists of 12 pictures of familiar objects followed by six variants of
each picturc. The subject selects from six choices the one identical to the
original picture. Scoring includes latency of first response and total number
of errors. e o e

WISC-R Subtests.” The: Coding and Arithmetic subtests from the
Wechsler Intelligence Scale for Children-Revised were administered
(Wechsler, 1974). Performance on both subscales can be influenced by
attention span and distractibility (Kaufman, 1979).

Behavioral Ratings. Child care workers completed the Conners
‘Teacher Rating Scales (CTRS) on alt of the children in their units. Each
child care worker assigned to a particular child had the opportunity to
observe the subject in both a structured classroom setting and a less
structured unit setting. In order to compensate for daily fluctuations in
workers’ observations and subjects’ behavior, rating scales were filled out at
the end of the day on 3 consecutive days during the middle portion of the
week. These scores were then averaged to form one score. The 3 days of
rating overlapped with those of psychometric testing. The CTRS has 39
items that were scored from 0 (“not at all”) to 3 (“very often”). Thus, higher
total scores were indicative of more severe behavioral problems.

RESULTS

Table 1 shows the means, standard deviations, and ranges on the
rating scale and psychometric measures for all subjects. Inspection of Table
I shows that there was a wide range of performance on both the
psychometric tasks and rating scales. Thus, the measures cmployed were
sensitive in capturing the performance variability among subjects.

Table 11 details the correlations between CPT performance and all
other measurcs. Correlations for errors of omission and commission were
obtained separately as well as in combination (CPTOT). Consistent with
Kupictz and Richardson (1978), CPT crrors were found to be highly cor-
rclated with age. Therefore, partial correlations controlling for age were
computed. Omission errors were positively corrclated with MFEFFT crrors
and child care workers’ ratings on the CTRS. High ncgative correlations weie
also found between omission errors and latency of first response on the
MEFT. and scores on the WISC-R coding and arithmetic subtests. Commis-
sion errors were corrclated negatively with latency and total response time

!
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Tuble 1. Rating Scale and Psychometrice Profile

Variable N MNean SD Range
CTRS” st 383 17.7  9.7-87.0
Owmission errors 51 20.1 8.8 3-38
Cammission crrors 51 20.8 17.0 J-68
MEFT® (Tirst response) 51 16.5 10.2  4.6-46.8
MFFT (total titne) 51 22.6 11.9 7.8-58.5
MFIST (crrors) L] 8.3 5.2 0-~23
Coding 51 1.5 3.7 2-16
Arithimetic 51 8.3 23 4-13

2CTRS = Conners Teacher Rating Scale.
SMFEFT = Kugan Matching Familiar Figures Test,

on the MFFT, positively with MFFT total crrors and with child care
workers' CTRS ratings. CPTOT was positively correlated with CTRS scores
and MFFT errors, and negatively correlated with MEFT first response time
and the coding subtest. .

Partial correlations between CPT petformance and CTRS factor
scores are presented in Table 111, All three measures from the computerized
task were positively correlated with both Factor 2 (inattention) and Factor 4
(hyperactivity).

Though the above correlations were obtained, the relationship
between CPT performance and behavioral ratings required further clarifi-
cation, Subjects with a high CPT crror rate were identified using a cutoff of
172 SD above the mean. As CPT and age were significantly corretated,
groups were formed for younger (13.0 years and below) and older (13.1
years and above) children. Children with high error rates were chosen
through comparison with their appropriate age group mecans. Fifteen (N =
15) children were sclected as having a high error rate.

The percentage of subjects who were rated on each of the 39 behaviors
as appearing “often” (2) or “very often” (3) were also noted. No item had

Table 15, Correlations Between CPT Task and Other Psychometric Variables

Partial order controtling {for uge

MEFTY MEET VIS N g
~ CTRS¢ (1st) (total) {errans)  Codine. Arithietic Ave
timivsion errors 324 -8 -.0 ik N A7 - .82
Commission ereors 36" - .35k LA A 225 A2 AP
LY totad errors .38" - .36" -.20 et T b LS et
e LS. ) B
»r 0l

{ ll\'S_ == Conners Teacha Ratine Sceale.
MEET = Kagan Matching Fumiliar Figures Tedl,
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Table 111, Correlations Bc}wccn CPT Task and Conners Teaching Rating Scale Factor Scores

1

Factors

1 2 3 4 s
(Conduct) (Inattention) (Anxicty) (Hyperactivity)

(Scciability)

Omission errors - .05 31 -.10 36 21
Commission crrors -~ .03 ek - =.0l 340 .05

CPT total crrors -.04 ki ~.04 st A2

*p < .05.
*p < .0l

100% endorsement. The three most endorsed CTRS items for the high CPT
error group were “poor frustration tolerance” (67%), “anxious to please”
(67%), and “excessive demand for attention” (60%). These items were
followed by “inattentive/distractible” (47%), “short attention span” (40%),
“sensitive to criticism” (40%), and “acts smart” (40%). Items occurring
rarcly, and therefore not characteristic of this group, were “does not get
along with opposite sex” (0%), “attendance problems” (0%), “cries easily”
(7%), and “shy” (7%).

Onc purpose of the present study was to determine the uscfulness of
the CPT in aiding with the clinical description and diagnosis of children. Of
importance was the relative contribution of the CPT when compared to the
CTRS alone. To answer this question, we selected children with scores 1/2
SD above the mean for both CPT performance and CTRS ratings.
Scnsitivity and specificity for each of these measures were determined.

ldeally, it would have been preferable to examine the sensitivity and
specificity of these measures in relation to the diagnosis of ADD aloue,
However, as reported earlier, few subjects were hospitalized with this
diagnosis. As a compromise, the ADD and Conduct Disorder groups were
pooled. Thirty children met diagnostic criteria for Conduct Disorder and
Attcntion Deficit Disorder, a group of children most likely to show deficits
in concentration, impulsivity, and bchavioral symptoms. Fourtéen had
extreme CPT scores yielding a sensitivity, or number of true positives, with
this mcasure of 47%. By comparison, of the 21 children having diagnoses
other than Conduct Disorder or Attention Deficit Disorder, 16 were not
extreme responders on the CPT. Thus, specificity or number of true
negatives for the CPT was 76%. The CPT was more sensitive than the
CTRS, which identified 13 of the 30 Conduct Disorder and ADD children,
providing a sensitivity of 43%. The specificity of the CTRS was cqual to the
CPT, with 76% of the other children being properly identificd as not ADD
or Conduct Disorder,

!
}
|

Continwous Performance

DISCUSSION

The uscfulness of a computerized continuous performance task as a
descriptive measure for attentional problems received substantial support.
CPT performance was significantly correlated with other psychometric
and behavioral ratings of inattention, impulsivity, and hyperactivity.
A combination of omission and commission errors was found to be
associated with (a) measures of impulsivity, distractibility, and lack
of reflection on the MFFT; (b) overall behavioral problems as mea-
surcd on the CTRS by child care workers; and (¢) sustained attention as
mecasured by the coding subtest of the WISC-R. Omission errors alone were
found to correlate significantly with the arithmetic subtest, which has been
vicwed as a measure of sustained attention (Kaufman, 1979). Additionally,
commission errors were significantly correlated with MFFT total time,
which was fclt to reflect the subjects’ sustained attention on a task. These
findings suggest that the CPT micasures cognitive functions similar to other
psychometric tests and behavioral ratings.

In general, the CPT was found to correlate strongly with tliese other
measures in general, with omission scores not correlating specifically with
sustained attention tasks or commission scores with mecasures of impulsivity
alone. Rather, both of these scores correlated in a more global way with the
other measures. Thus, the generally accepted notion that omission errors
measure inattention and commission errors measure impulsivity was not
supported in this study. Given this, the composite of CPTOT appears to be
a useful summary measure in describing a subject’s CPT performance.

It was expected that CPT would correlate with Fuctors 1 (conduct), 2
(inattention), and 4 (hypcractivity) on the CTRS. Only Factors 2 (inatten-
tion) and 4 (hyperactivity), however, corrciated with CPTOT. These
findings support the clinical obscrvations that attention deficits are most
often associated with symptoms of hyperactivity, impulsivity, and restless-
ness rather than generalized behavioral problems.

Identifying specific CTRS items characteristic of the high CPT
responders provided additional support for this position. The behavioral
items most endorsed by child care staff for extreme CPT responders
included many of the common symptoms of Attention Deficit Disorder.
Among these were poor frustration tolerance, cxcessive attentional
demands, short attention, and high distractibility. Also, scveral highly
endorsed items could be related to conduct disorders, including sensitivity
to criticism, acting smart, and the excessive demand for atiention. While
CPT performance appears to be related to Lehaviors associzted with Atten-
tion Deficit Lisorders, this study was not able to demonsizte that poor
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CPT performance was unique to this diagnosis. Specifically, the CPT
appeared to be correlated with behaviors that might also be associated with
the diagnosis of Conduct Disorder.

Limitations of the present study result in part from the sample used —
namely, hospitalized children. These children are likely among the most
symptomatic children in the community. As such, there is likely a greal
overlap of symptoms and deficits across a variety of diagnoses.
Furthermore, the method of establishing diagnoses as well as the diagnostic
heterogeneity of subjects were major limitations. Diagnoses were taken from
admission evaluations with no attempt to validate them through
independent standardized interviews. Additionally, there was no attempt to
gather a minimum number of subjects in certain diagnostic categories.
Rather, the current hospital census constituted the total subject pool.
Therefore, there was marked overrepresentation of Conduct Disordered
diagnoses, while a diagnosis of Attention Deficit Disorder was rare. Such a
breakdown prevented any mecaningful comparisons between these two
diagnostic groups. For the present study, these diagnostic groups were
pooled to provide comparisons with all other diagnostic catcgories.

Alone, both the CTRS and CPT had comparable moderate scnsitivity
and good specificity. These results indicate that with this hospitalized
population, extreme responding either on the CTRS or CPT was related to a
diagnosis of Conduct Disorder or ADD. A person identified as an extreme
responder on cither of these measures was most likely to reccive a diagnosis
of Conduct Disorder or ADD., Although many receiving such diagnoses
were not extreme responders, a person who was either a poor CPT
responder or rated poorly on the CTRS would only rarcly be diagnosed as
anything other than ADD or Conduct Disorder (95% specificity when
combined). It should be noted that the CPT provided slightly greater
scnsitivity than the CTRS. It appears, therefore, .to have utility as a
classroom screening device with similar application as the CTRS,

The correlational data presented here are necessarily preliminary and
speculative due to the nature of this study. In addition, the divisions into
extreme groups using 1/2 SD cutoff were both retrospective and arbilrnr}y.
The value of using the CPT as a screening measure for attention deficits
needs to be further addressed in future studies. Such studies should
specifically address how well the CPT differentiates patients along
diagnostic classifications. Comparisons among large groups of ADD,
Conduct Disorder, and normal controls are needed,

In summary, the CPT was found to be a bricf engaging task that cun
be applied 1o a clinicai papulation in the preadolescent age range, The CP
appears 1o meastire inattention and impulsivity in a global way comparable
to, but not exactly the same as, the MFFT and the WISC-R Coding and
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Arithmetic subtests. Simatarly, it appears related to the child care workers’
ratings of the child’s behavior., When the results of the CPT and CTRS were
combined, they yielded a good deal of diagnostic certainty. FFuther study of
specific behaviors that appear highly correlated to CPT performance would
greatly assist teacher and clinician understanding of the child experiencing
attention difficultics in the classroom. Classroom behaviors such as
daydreaming, fidgeting, out-of-scat behavior, and restlessness may be
better understood in the context of existing cognitive deficits as measured
by this task. This study lent support to the observation that concentration
and attentional problems can be easily detected on a brief screening, device
such as a CPT, and that these deficits are gencralized and recognized by
other psychometric tasks as well as behavioral ratings.
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The MCA 1is a clinical research tool that has been used with considerable
success to assess the effects of methyiphenidate (Ritalin) in the treatment
of attention deficit disorders. Although the MCA is not a proven diagnostic
instrument, it has been useful when combined with classroom behavior
ratings, such as the CPTQ-A and HRS, and other diagnostic procedures to help
to determine whether a child might have an attention deficit disorder.

The MCA 1is a 25 minute psychophysiologic test using visual stimuli to mea-
sure attentional variables. This instrument has documented test-retest
reliability and has been standardized for 6 to 12 year olds. The MCA is an
adaptation of the VIRTEST (see Yellin, A.: A standard visual stimulus for
use in studies of attention and attention deficit disorders. Res. Commun.
Psychol. and Psychiat. Behav., 1980; 5:137-143 and Yellin, A., Hopwood, J.
and Greenberg, L.: Adults and adolescents with attention deficit disorder.
J. Clin. Psychopharm., 1982; 2:133-136).

Programmed for use with the Apple Ile, the MCA presents two easily discrimi-
nated visual stimuli in two test conditions: one in which the signal occurs
infrequently in comparison to the nonsignal; in the second condition, the
signal occurs more frequently than the nonsignal. The former condition, or
signal infrequent, 1is similar to the traditional vigilance test in which
errors of omission (or not responding to the signai) can be interpretd as a
measure of inattentiveness. In the signal frequent condition which is a
unique feature of the MCA, errors of commission (incorrectly responding to
the nonsignal) can be interpreted as a measure of impulsivity or difficulty
inhibiting inappropriate responses. In addition to the two types of errors,
the MCA also measures response times and standard deviations which can be
interpreted as an index of variability. Errors of omission, response time
and standard deviations have been reported to improve when psychostimulants
are administered to individuals with attention deficit disorder.

Lawrence M. Greenberg
Department of Psychiatry
University of Minnesota
Box 95

420 Delaware Street, SE
Minneapolis, MN 55455
(612) 373-8871
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OTHER PSYCHOLOGICAL TESTING
SOFTWARE AVAILABLE FROM ai

SBORDONE-HALL MEMORY BATTERY (Revised & Updated) -- provides fully automatic serial testing

of 18 discrete memory functions utilizing computer generated test stimuli.

* Produces a comprehensive quantitative and qualitative analysis of patient’s performance in com-
parison to normative data.

¢ Personalized testing, understandable by all levels of users with little or no supervision required.

» Excelient for clincial assessment, cognitive rehabilitation or research.

Available on Appie 1+, lle, llc, Il (Item Number S1000)  $375

THE DIGIT-DIGIT ATTENTION TEST - fully automatic serial testing of complex attention skills utilizing

randomly generated test stimuli.

¢ Program actually trains the individuai how to take the test.

¢ Program maintains up to 900 subject files (bibliographic data, test scores, histograms of patient per-
formance, etc.).

e Program generates various statistical and trend analyses.

Availabie on Apple Il +, lle, lic, il (item Number S1010) $250
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! COGNITIVE REHABlLITATION i

COMPLEX-ATTENTION REHABILITATION -- provides training in attentional tasks utilizing visual track-
ing of single or multiple stimuii.

* Interacts directly with the patient, determining the task and level of complexity.

¢ Advanced levels to utilize language-mediated complex attentional skills.

Available on Appie li+, ll ¢, lic (Iitem Number $1020) $195

PROBLEM-SOLVING REHABILITATION | - provides training in visual-spatial problem-solving skills
through use of a wide range of systematic tasks.
Available on Apple Il +, lie, lic . (Item Number S1030) $195.00

PROBLEM-SOLVING REHABILITATION Il - improves planning skills to facilitate effective problem-solving
behavior and trains the patient to plan and evaluate the consequences of future behavior.
Avaiiable on Apple lle, llc (Item Numbher S1040) $195.00

These pregrams will be availabie soon for IBM PC and compatibies. For more information or to order,
write or call us toll-free at 1-8(%)-272-2250.
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INTRODUCTION

This manual is a description of the computerized Continuous Performance
Task (CPT). It is designed to assist in the administration of the CPT and
provides a basic description of its program. Every attempt has been made to
create a "user-friendly” system, i.e., that which requires minimal computer
(specifically Apple lle) knowledge. One will find, however, that such know-
ledge will aid in the understanding of the program's structure and logic.
Some commonly used computer terms will be used to facilitate the brevity and
clarity of this manuai. It would, therefore, be advantageous to familiarize

~oneself wth basic computer and Apple-Ile terminology. .- ,

Many users too often attempt to operate a program without first reading
the accompanying manual. We recommend this not be attempted with the CPT
program, since many errors will result and could lead to inappropriate para-
meters being set and the generation of invalid and unreliable results.

HARDWARE

The CPT software is written for specific hardware. Littie deviation
from these requi®ments will be tolerated by the software. For consistency
sake, it is best to adhere to the following: '

1. Apple Ile with two (2) disk drives -- non-enhanced version of ROM

and microprocessor (slot #6);
2. Printer with parallel interface card (siot #1);:
3. Composite color video monitor (diagonal diameter should be
approximately 11");
4. 80-column card (non-extended memory; auxiliary slot #3)
This card is optional but recommended {(see footnote);

S. Mountain Hardware Inc. THE CLOCK®™ (slot =5)

a) The interrupt frequency required is 10 milliseconds.
Necessary modifications can be perfurmed by an individual
familiar with electronics and soldering with a 25 watt
soldering gun. See THE CLOCK™ operating manual

(#11-00229-04) page 3&;

b) The switch on THE CLOCK™ must be in the WRITE position
(see operating manual, page 3);

Apple joystick; _

DOS 3.3 initialized disks (for data storage).

~N
¢« e

Footnote: Although not essential for operation of the CPT, the 80-column
card allows for results to be displayed on the video-monitor in
a readable fashion.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TESTING ENYIRONMENT

’ ~iae ;v::.,::‘;j'-i;«- , -
To obtain valid.and reliable results, special care should be taken to .
insure a suitable testing environment. The computer should.be arranged so
that the center of the video monitor is at or slightly below eye level. The
keyboard should be arranged below the monitor or off to the side so that the
response key (see page 6) can be easily reached. The chair in which the
subject sits should not be of the swivel, reclining or lounging variety; =
standard desk chair would be optimal. In addition, the computer area should
be clear of distractions and excessive equipment. .

The room itself should be dimly 1it, free of any source of light
creating a glare. The room should be quiet and external noise should be
minimal. If available, low level "white noise" can be present so as to
block out any external and intermittent distracting activity.

As with any testing protocol, rapport should be established with-the
subject and any situational anxiety or oppositionality should be handled
prior to the test session. Many intervening variables can affect the re-
1iability and validity of the obtained results, as is true for many other
psychometric test batteries. It is important to consider who will be ad-
ministering the test. An individual who is familiar with attention deficits.
and how to interact «ith a person who presents with these deficits. A tech-
nician with no such knowledge will ineffectively instruct the subject abcut
the test. A person only with computer knowledge would not be an effective
technician -- the subject should remain the focus and not the hardware or

software.

STARTING THE PROGRAM

If you have not already done so, check all computer connections and slot
placements, specifically the clock, printer and the disk drives.

The proper disk placements are crucial. The CPT operating disk, i.e.
the disk you received from the developers, must be in drive 1. A DOS 3.3
(see Apple reference manual(s) initifalized disk to be used for data storage
should be placed in drive 2. OQObviously, make sure the drive doors are
closed.

There are two ways the CPT can be accessed. One is through a warm-boot,
the other is a cold-boot (see Apple reference manual). The cold-boot will
result in a white band appearing at the top of the screen with the letters
“CPT" superimposed. This will soon be replaced by another display with
instructions for viewing an introduction text which parallels what is pre-
sented here. This section may be bypassed by pressing the [ESC] key.
Scanning through the introduction is done by the & and T key.

Another way to access the CPT program is through the warm-boot. If this
warm-boot method is used, it will result in further options being displayed
on the screen after the white band described above is replaced.

Both methods, once completed, will bring the psychometrist to the MAIN
MENU option display. This consists of four choices:

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1)  PRESENTATION [P]

2)  SCORING [S]
3)  REACTION TIMES [R]
" 4) 7 EXIT PROGRAM [E]

Figure 1 displays the overall program configuration for each of these
options and every section within them. This will provide the psychometrist
with a reference to follow. The EXIT ([E]) option takes the psychometrist
out of the CPT program; the program can be entered again at the same point

by typing in RUN.
Presenting the test

If (P] is pressed, the major routine in control of presenting CPT will
be loaded. This routine has two (2) subroutines, one which allows the psy-
chometrist to enter subject demographics and test parameters, the other
which accesses the main CPT program. In order to access this presentation
program, the psychometrist must supply pertinent information through the
demographic subroutine.

Demographic spreadsheet {option [1])

Once this portion has been loaded, the psychometrist will be presented
with spaces into which information must be entered. The cursor will appear
as a blinking square. Entry of information will require strict syntax.
Table 1 will provide information on how this should be entered. This card
indicates valid responses and examples. Only clarifications of these will
follow:

NAME, ID#: If this information is not important, input of these two
items can be skipped ( & , [RETURN] or (TAB]).

SUBJ#: This must be entered in order for the data to be stored.l
AGE: If a child is below the age of 10, his/her age should fol-

Tow a 0. (e.g. 07, "leading zero"). [see footnote -- *]
D.0.B.: Note syntax

umber day (e.g., 07, 31); :
2) First three letters of month (e.q., NOV);
1)  Last two digits of year (e.g., 84).*

SESSION: ihis is designed to doiument repeated testing. Leading
zeros must be entered.
GROUP: This item will set the testing inter-stimulus interval

which has been derived from normative data. Ages on which
this test has been normed are 7 through 12. These chrono-
logical ages are appropriate for input with leading zeros,
if necessary. If a subject does not fit within this range,
then either 06 or 13 are allowed. Refer to Tabie 2 for the
resulting rates. The psychometrist may want to assign a
higher "group age" to a child whose test date is within
three (3) months of his/her next birthday.*

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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ADAPTIVE: If the adaptive version is selected, once the test beg1ns,
the starting rate will adjust according to the subject's
. perfnnmance. In particular, the stimulus presentation rate
will increase if a correct response {s made and decrease if
any error is made. [f the non-adaptive version is selected,
“the starting rate will be maintained throughout the test.
~4ie vecommend the non-adaptive version.* .-

SERIES: Stored in memory are ten (10) one-hundred 1etter biccks
{1-9 and A). These ten blocks have been put together to
.create ten different series. This feature was added to
increase the flexibility of available letter sequence.
Table 3 indicates these series.*

BLOCKS: The test can be given with up to ten blocks (1000 letters).
Any number below can be selected. This, in conjunction
with which series is selected determines which blocks will
be utitized. It is recommended that the subject be given
at least five (5) blocks (we prefer seven (7)) te measure
in a reliable and valid manner the underlying cheractevis-
tics for which the test was developed.*

START: This rate should have already been entered by the computer .
once the GROUP value was entered. However, this can be
overwritten similar to any other supplied value within the
Demographic Spreadsheet.*

MIN, MAX: These minimum and maximum rates are the limits of the in-
terstimulus interval beyond which other perceptual variables
are felt to effect the performance. Th