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ABSTRACT

The behavior of a seven-year-old epileptic and developmentally 

disabled child has been monitored over a seven month period. Eight 

assessment tasks which reflect fine and gross motor performance, 

vigilance, and compliance were used to measure the child’s behavior 

prior, during, and subsequent to anti-convulsant medication manipula

tions .

Three phases have made up this case study: (1) baseline assess

ments on the eight perceptual-motor tasks were completed which indicated 

unstable behavior, while the child underwent a drug (sodium valproate) 

reduction; (2) behavioral control techniques were implemented in a 

multiple baseline design to evaluate the efficacy of such techniques for 

stabilizing these behaviors prior to further attempts to assess drug- 

behavior relationships; (3) a second drug (valium) reduction resulted in

variable behavior and increased seizures. The results indicated that 

Cl) behavior control techniques were successful in stabilizing task per

formance, and (2) erratic task performance occurred when valium was 

reduced.

Problems in evaluating environmental-drug-behavior relationships 

in a single child are discussed in terms of research design, procedures, 

and control of extraneous influences from the child’s family, physician, 

and residential institution.



INTRODUCTION

Epilepsy is common among developmentally disabled children„ 

Approximately 70% of the resident .population at a local institution 

for the retarded (Arizona Training Program at Tucson) have been diag

nosed as epileptic, and consequently, have been receiving seizure- 

control medications. Drug therapy to abate seizure activity has been 

one of the more important medical advances to occur within neurology; 

however, drug treatment is not without behavioral and physiological 

complications.

In addition to seizure control, anti-convulsant drugs produce 

an array of effects. Table 1 summarizes these effects by drug, which 

include drooling, gross motor ataxia, fine motor incoordination, ex

treme sedation or extremely high activity levels, deficits in attention 

and learning, and decreased social interaction (Quey, Coquery, Roger, 

and Soulayrol, 1967; Cordes, 1973; Stores, 1973, 1975; Vallarta, Bell, 

Reichert, and Wash, 1974; Dekaban and Lehman, 1975; Physician's Desk 

Reference, 1976; Herberg, 1977). Other complications include nystagmus, 

weight loss, constipation, white and/or red blood cell depletion, 

hyperplasia, coarsened facial features, and liver dysfunction 

(Atkinson and Shaw, 1973; Kutt and Penry, 1974; Physician's Desk Refer

ence, 1976; livanainen, Viukari, and Helle, 1977; Weber, Knuutila, 

Tammisto, and Tontti, 1977)*
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Table 1. Seizure-control drugs

Drug Indications Adverse Reactions Special Information

Clonopin
(Clonazepam)

petit mal,
akinetic
myoclonic

drowsiness, unsteady 
and wobbly gait, > 
excessive secretion 
of saliva

The following withdrawal symptoms may 
occur if clonopin is abruptly discon
tinued: convulsions, tremors, cramps, 
vomiting, and sweating.

Clonopin may increase or precipitate 
grand mal seizure activity.

Depakene
(Sodium
Valproate)

simple and 
complex ab
sence 
seizures, 
including 
petit mal; 
adjunctive 
therapy for 
multiple 
seizure types

nausea, vomiting, 
indigestion, sedation, 
and unsteady and 
wobbly gait may appear 
on initiation of the 
drug; unsteadiness and 
sedation may persist. 
throughout therapy

Most of the adverse reactions should 
decrease after a few weeks of re
ceiving depakene. If reactions 
persist, depakene should be given 
with meals, and/or other anti
convulsants can be decreased when 
applicable. Likewise, depakene 
should be decreased.

Diamox
(Acetazola-
mide

petit mal, 
major motor, 
and mixed

loss of appetite, 
frequent urination, 
drowsiness, confusion

seizures



Table 1, continued

Drug Indications Adverse Reactions Special Information

Dilantin
(Phenytoin)

grand mal 
and major 
motor

unsteady and wobbly 
gait, slurred speech, 
con fusion, drows iness, 
rapid eye movements 
side to side, enlarged 
gums (hyperplasia) and 
coarsened facial fea
tures with long term 
therapy

Abrupt withdrawal may precipitate 
status epilepticus.

Precipitates or increases minor motor 
seizures.

Gum hyperplasia may be reduced.with 
good oral hygiene including gum 
massage and frequent brushing.

Mysoline
(Primidone)

grand mal, 
psychomotor, 
focal seizures; 
used alone or 
in addition to 
other anti
convulsants

unsteady and wobbly 
gait, dizziness, 
drowsiness; occasional 
effects include; 
nausea, loss of appe
tite, rapid eye move
ments side to side, 
lethargy

Sedation or dizziness at the start of 
therapy tends to disappear with con
tinuation of therapy or reduced dosage.

Mysoline metabolizes in the body as a 
barbituate. Abrupt discontinuation 
may produce withdrawal symptoms.

Phenobarbital grand mal, 
focal, 
psychomotor

sedation, lethargy^ 
unsteady and wobbly 
gait, irritability; 
sometimes the client 
may become overly . 
active and excited

Sudden withdrawal may precipitate 
status epilepticus or withdrawal 
symptoms such as vomiting, sweating, 
tremors.



Table 1, continued

Drug Indications Adverse Reactions Special Information

Tegretol
(Carbamaza-
pine)

psychomotor, 
major motor/ 
mixed seizure 
types

drowsiness, unsteady 
and wobbly gaitf nausea, 
vomiting

Because of the necessity for 
frequent laboratory tests for 
potentially dangerous side effects, 
tegretol is NOT recommended as the 
anti-convulsant drug of first , 
choice.

Valium
(Diazepam)

minor motor,
status
epilepticus

unsteady and wobbly 
gait, drowsiness, 
dizziness, headache, 
fatigue, irritability, 
depression

Abrupt withdrawal may produce 
extremely bizarre behaviors which 
appear psychotic.

Zarontin 
(Ethosuxi- 
mide)

petit mal, 
akinetic, 
myoclonic

sedation, nausea, 
vomiting, unsteady 
and wobbly gait

*
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The psychopharmacological literature is reviewed here to 

ascertain the conditions under which these effects occur. First, rele

vant research findings will be summarized with respect to the major 

seizure-control medications. Secondly, research methodologies used in 

these studies will be reviewed and critiqued. Lastly, an alternative 

method to identify drug-behavior relationships will be proposed.

Research on Drug Effects

Dilantin

Herberg (1977) summarized the longterm effects of dilantin by 

describing such symptoms as coarsened facial features, hyperplasia, a 

tendency to bleed excessively, and central nervous system intoxication 

resulting in deteriorating motor performance. The subjects were 41 

mentally retarded epileptics institutionalized for an average of 14 

years. All of the subjects demonstrated the problems cited.

In another study where longterm dilantin therapy was evaluated, 

ten mentally retarded children receiving this drug developed progressive 

neurological deterioration indistinguishable from a degenerative central 

nervous system disease (Vallarta et al., 1974). Observable problems in

cluded nystagmus, ataxia, impaired speech and intellectual performance, 

increased seizure activity, and bizarre behavior. All of these problems 

disappeared upon discontinuation of dilantin.

Phenobarbital

Cordes (1973) described the plight of a preschool age girl who 

received phenobarbital for two and one-half years. This anecdotal



account associated the drug with developmental delay in motor, language, 

problem-solving, and social skills. Upon discontinuation of the drug 

and institution of counseling and behavior therapy, the girl regained 

her underdeveloped skills. This study, and the preceding two anecdotal 

accounts, contributed worthwhile information about the hazards of long

term anti-convulsant drug therapy.

Polypharmacy

Two studies reviewed here concurred that vigilance and problem

solving were impaired in recipients of anti-convulsant medications. 

Dekaban and Lehman (1975) documented mental performance impairment in 

15 epileptics receiving dilantin, phenobarbital, and/or mysoline. 

Matthews and Harley (1975) concluded that 35 subjects with toxic blood 

levels of dilantin, phenobarbital, and/or mysoline performed poorly on 

motor and problem-solving tasks when compared to a control group re

ceiving non-toxic dosages of the same seizure-control drugs.

Sodium Valproate

Despite concurrence regarding the conclusions in all of these 

studies, other investigators have not determined that anti-convulsant 

medications produce•motor ataxia, sedation, impaired learning, and/or 

attentional deficits. Jeavons, Clark, and Maheshwari (1977) concluded 

that sodium valproate, a fairly new drug, did not produce sedation in 

142 subjects receiving this therapy for over one year.

Other studies have failed to find ataxia, sedation, or impaired 

motor performance in subjects receiving anti-convulsant therapy 

(Sommerbeck et al., 1977; Barnes and Bower, 1975).



Research Methods

In order to interpret these discrepant findings regarding drug- 

behavior relationships, an evaluation of research methodologies is nec

essary. First, non-experimental anecdotal reporting will be critiqued 

as a research method» Secondly, common dependent measures will be 

described and evaluated. Thirdly, research problems which arise in 

polypharmacy will be reviewed. Fourthly, the, methods in prescription 

of drug dosages and derivement of drug blood levels will be described. 

Finally, the common practice of traditional group designs in psycho- 

pharmacological research will be evaluated.

Herberg (1977) and Cordes (1973) documented drug-behavior rela

tionships over long time periods. Although these studies acknowledged 

idiosyncratic drug responses by studying single subjects and contributed 

invaluable descriptions of the horrors in longterm drug therapy > this 

anecdotal methodology requires development. The important questions 

are:. when do unwanted drug effects make their appearance, and under 

what precise conditions?

Although all the studies reviewed here clearly described drug- 

behavior effects, some investigators failed to describe relevant depen

dent measures (Vallarta et al*, 1974; Herberg, 1977). In other studies, 

these measures were described only superficially. .For example, Matthews

and Harley (1975) included IQ and motor steadiness tests as assessment 

measures, but their test selection rationale and a description of the 

apparatus was not included i n .the study. Dekaban and Lehman (1975) 

used WISC subtests, block design, digit span, and arithmetic calculation



in addition to tests measuring reaction time and free recall, to docu

ment mental performance impairment. These authors failed to describe 

reaction time and free recall measures. Finally, Jeavons et al. (1977) 

based their findings regarding no negative effects of sodium valproate 

on written, subjective clinical studies. None of these studies re

viewed offered a rationale or evaluation of dependent measures.

In two studies reviewed, subjects received two or more drugs 

concurrently throughout respective studies (Dekaban and Lehman, 1975; 

Matthews and Harley, 1975). Individual drug effects were inferred 

through statistical processes based on a linear model which assumed 

that the drug interaction was equal to the sum of all the drug's 

effects considered separately. Biochemically, as well as behaviorally, 

this assumption may be blatantly fallacious as the combination of two 

or more drugs may actually produce a reaction quantitatively and quali

tatively different than the mere sum of individual drug's effects.

Another problem in the studies reviewed was the lack of reports 

regarding precise drug dosages and/or blood serum levels (Cordes, 1973; 

Vailarta et al., 1974; Dekaban and Lehman, 1975; Matthews and Harley, 

1975; Herberg, 1977). Some studies did not cite dosages, rather, vague 

references were made to dosages as within the uaverage, therapeutic" 

range. In those studies where the dosage was cited, the authors con

sistently reported this dosage to be "average" (Jeavons et al., 1977).

The last point in this methods review concerns the use of tradi

tional group designs. Idiosyncratic drug^behavior relationships were 

"lost" in many studies where this design prevailed as the strategy of



choice (Vallarta et al., 1974; Barnes and Bower, 1975; Dekaban and 

Lehman, 1975; Matthews and Harley, 1975; Herberg, 1977; Jeavons et al., 

1977; Sommerbeck et al., 1977). Scores, which reflected quantification 

of drug responses, were averaged for the group, so individual scores 

became absorbed into this process. Salient individual responses were 

lost when scores were summed, and these effects became secondary to the 

"average" group response.

Stores (1975) criticized methodology prevalent in the litera

ture on the same count and classified drug effects into three cate

gories: (1) effects such as sedation and motor ataxia at high dosage

or high blood serum levels; (2) these same effects occurring in other 

subjects at the therapeutic dosage level; and (3) idiosyncratic drug 

responses which are unusual, unpredictable, and unrelated to dosage or 

blood concentration per the norms.

Alternate Drug Research Strategy

It may be the case that lack of behavior control and resulting 

performance variability would tend to obfuscate drug-behavior relation

ships. Sidman (1960) contends that behavior must be maintained at a 

stable level over long time periods in order to follow temporal rela

tions between a drug and subsequent behavior. Additionally, those 

measures used to describe behavior must be potentially variable in 

either direction so that a sensitive test of the drug action is re

flected in the data, both on a moment-to-moment basis, as well as over 

a long time period. Furthermore, Sidman (1960) stresses that it may be
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necessary to treat baseline behavior to establish stable behavioral 

data which is sensitive to drug dosages throughout the temporal course 

of drug action. This treatment may include various reinforcement con

tingencies to stabilize as well as maximize performance on drug- 

behavior assessment measures.

Ayllon and Kelly (1972) found that token reinforcement for 

academic achievement and standardized test'performance maximized 

(stabilized) test performance for both retarded and normal children. 

Similar findings are reported by Bergan, McManis, and Melchert (1971), 

Edlund (1972), Smeets and Striefel (1975), Weisberg and Clements (1977), 

and Holt and Hobbs (1979). •

Additionally, Clingman and Fowler (1976) demonstrated the 

especial importance of including motivating circumstances for subjects 

who had previously shown low test scores. The authors concluded that 

previous low scores were possibly a function of lower motivational 

levels rather than true deficits in ability. O*Connor and Weiss (1974) 

noted that method of stimulus presentation during testing and whether 

contingent reinforcement for correct responses was available made a 

difference on subsequent test scores. These variables may very well be 

important to consider during drug-behavior assessment since desirable 

changes in the data are those which are drug-related.

In the only study which included these methods in the examina

tion of the effects of psychotropic drugs on IQ test performance, 

Breuning and Davidson (1979) compared test scores obtained under stan

dard testing conditions to those obtained under reinforcement
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conditions. Twenty-four institutionalized retardates were tested while 

on-drug and off-drug, crossed with standard then reinforcement condi

tions . The results showed that the drugs suppressed performance under 

standard conditions and prevented maximal scores usually obtained under 

reinforcement conditions. Furthermore, off-drug performance under re

inforcement conditions was greatly improved compared to off-drug per

formance under standard conditions. This important study underlined 

the need for behavioral control techniques during drug-behavior assess

ment o

An alternative drug research strategy should include techniques 

which render reliable performances on drug-behavior assessment measures 

Reinforcement contingencies offer behavioral control, thus the opportu

nity to reduce performance variability.

In summary, a review of the literature identified the common 

behavioral correlates of anti-convulsant medications. This review was 

the impetus for a critique of the methodology prevalent in behavior 

pharmacological research. The advantages of an alternative strategy 

using behavior control techniques were introduced as means to maximize 

and stabilize performance during drug-behavior assessment.

The goal of the present study was to create a time series design 

sensitive to drug-behavior relationships in an epileptic, developmentally 

disabled child. Additionally, this design offered a method to elucidate 

idiosyncratic drug responses and monitor behavior over several months. 

Three phases made up this study: (1) Baseline assessment on eight

perceptual-motor tasks were completed which indicated unstable behavior,



while the child underwent a drug (sodium valproate) reduction. (2) 

Behavior control techniques using the principles of reinforcement were 

implemented in a multiple baseline design to evaluate the efficacy of 

such techniques for behavior stabilization prior to further attempts to 

assess drug-behavior relationships. (3) A second drug, valium, was

reduced, while behavior control techniques remained in effect.



METHOD

'Subject

A seven-year •'-old boy diagnosed by a physician as epileptic, 

averaging three or more seizures per week, served as the subject* The 

child functioned below age level in academic, self-help, motor, lan

guage, and social skills. Throughout the study, he received valium 

and sodium valproate.

Drug-Behavior- Assessment

Procedure

The child attended the Child Psychology Laboratory twice weekly 

for 36 sessions conducted between 2:30 and 4:30 p.m. One experimenter, 

hereafter called the teacher, administered the same eight assessment 

tasks in a constant order for all sessions. Laboratory students and 

the child's mother collected data and operated apparati. One training 

hour prior to actual sessions sufficed for acquisition of needed data 

collection skills. See Figure 1 for the time-lagged multiple baseline 

treatment of performance on the following measures.

Perceptual-Motor Tasks

Name-writing. The child printed his name on a designated line 

immediately following the teacher's model of his printed name.

13
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Figure 1. Task performances during all conditions by task and session

 1---- first sodium valproate reduction
 2---- second sodium valproate reduction
X = off-task
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Ring and Peg. The child stacked eight wooden doughnut rings of 

assorted sizes in any order on a ten-inch wooden peg.

Nesting-cups. The child fit nine hexagonal cups of assorted 

sizes together.

Railroad Ataxia Text (RRAT). This task consisted of an 11 * by 

21 track with five 2** by 24" blocks spaced 2' apart and parallel to 

each other across the 111 length. The track had one red starting line 

and one red finish line at both extremes of the rectangle as well as 

red side lines 2 1 apart along the side of the track. See Appendix A 

for a schematic design of the RRAT. The child ran the 111 track going 

over the blocks and staying between the red side lines.

Hallway Obstacle Course (HWO). The child ran the length of a 

541 by 1721 hallway five times. Each trial provided a different ob

stacle pattern for the child to circumvent. One obstacle was 30" x 12" 

x 12"; the other two obstacles both measured 11" x 11" x 11". Appen

dix A contains the obstacles patterns for each trial.

Reaction Time. The apparatus had four buttons matched to red, 

white, green, and blue lights. The teacher activated one colored light 

at a time while the child subsequently depressed the appropriate button 

to turn off the light. A standard electric timer recorded the time in • 

milliseconds between the teacher's activation of the light and the 

child's depression of the appropriate button. Each of the 20 trials 

were preceded by the verbal instruction, "ready." The teacher did not
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activate the light until the child's hands were resting on the table

next to the apparatus. The order of presentation for the four colors

was determined by a random number table,

ROtor Pursuit. The apparatus was a 13" x 5" x .13" wooden box 

with a mobile turntable 10" in diameter resting on top, A 1" metal 

circular target was located on top of the mobile turntable, which moved 

clockwise at the rate of 15 revolutions per minute. The apparatus 

started and stopped automatically with an 18 second delay between each 

20 second trial. The child was given a metal pointer to keep in con

tact with the moving metal target. An automatic standard electric 

timer recorded the amount of time in milliseconds that the child kept

the pointer on the target.

 ̂ Rhythm Imitation. The child used his fist to imitate the num

ber of beats the teacher demonstrated on the table. Appendix A contains 

the number of beats per trial.

Dependent Measures. Time to task completion, in seconds, was 

recorded for Name-writing, Ring and Peg, Nesting Cups, HWO, and RRAT.

In addition, HWO and RRAT yielded respective error scores where the fre

quency was tallied for hitting an obstacle, a block, or going out of 

bounds. Time on target was recorded for the Rotor Pursuit. Rhythm 

Imitation yielded frequency of compliant responses expressed as a per

cent compliance score for each session.



Baseline Condition 

The teacher gave the child brief task instructions z modeled the 

correct response, and gave one starting command prior to beginning each 

task. No other verbal instructions occurred during the task; however, 

unlabeled verbal praise occurred on an intermittent schedule and 

accompanied on-task behavior. If the child was off-task for 60 seconds, 

that trial was terminated and the next trial was introduced. Off-task 

was defined as, either, head turned away from task items, or, no hand 

or foot movements toward task completion.

Treatment Condition 

After baseline assessments on the eight perceptual-motor tasks, 

behavior control techniques were applied to each of the eight assess

ment tasks in a time-lagged multiple baseline design over 29 sessions^ 

These behavior control techniques involved token and primary reinforce

ment for task completion within certain time and performance criteria. 

For example, the teacher told the child, "If you print your name before 

the bell rings, you may have this colored sticker." Criterion time for 

each applicable task was based on best baseline performance plus five 

seconds. The time set remained constant across all sessions where 

treatment was in progress. Table 2 summarizes these times and pro

cedures by task.

During the Rhythm Imitation task, no time contingency was used; 

rather, the child's mother immediately imitated the teacher before 

prompting the child's response. Likewise, the Rotor Pursuit did not
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Table 2. Criterion task performance during treatment conditions 

by task

Task Criterion

Nesting Cups 70 seconds

Hallway Obstacle 10 seconds
errors none

Railroad Ataxia 15 seconds
errors none

Ring and Peg. 70 seconds

Name-writing 120 seconds

Reaction Time \ 5 seconds

Rhythm Imitation None— task treated with 
mother modeling correct 
response

Rotor Pursuit None— task treated by 
sounding a buzzer when 
on target

yield scores conducive to control by encouraging rapid task completion. 

Since increased time on target was desirable during this task, a buzzer 

sounded to signal this contact. A buzzer was previously determined to 

function as a reinforcer.

Re in fo rcement

Throughout baseline, treatment, and valium reduction conditions, 

the teacher maintained a constant rate of unlabeled verbal and physical 

praise. Examples of verbal praise included "good working," "okay,"
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"right,M etc* Physical praise was defined as tickles, hugs, or body 

massages where the teacher made contact with the child's body. Fre

quency data were collected by student observers every third week or so 

to monitor intersession consistency.

Items/events such as colored stars and stickers, chocolate 

milk, toy cars, soap bubbles, piggy-back rides, and hide-and-go-seek 

were administered for criterion task performance. Only those items/ 

events which maintained criterion responding were used as rewards.

Medication Reductions 

Sodium valproate was reduced from 500 mg. to 250 mg. during 

baseline session three, and to "0” during session nine. See Figure 1 

which denotes sessions where medication manipulations occurred. Valium 

was reduced from 10 mg. to 7.5 mg. during session thirty, and remained 

at this dosage level through session thirty-six. Behavior control 

techniques introduced previously remained in effect during the valium 

reduction. Medication dosage decisions were made in conjunction with 

the child's, physician.

Observational Seizure Data 

The child‘s mother tallied grand mal seizure activity which 

occurred at home, and lab staff noted the same during testing sessions. 

Grand mal was defined as a fall to the floor, limbs rigid then twitch

ing, eyes semi-closed or stare-fixed, and/or no response to auditory 

stimuli. These data were collected throughout the six month duration 

of the study. It is possible that the seizure frequency may be



slightly inaccurate as some seizures may have escaped detection during 

data collection.



RESULTS

Task. Performance. Intervention

Task performance was defined as time to task completion on the 

following tasks: Nesting Cups, Ring and Peg, HWO, RRAT, Reaction Time,

and Name-writingo Rotor Pursuit task performance was defined as total 

time that the pointer was on target while the turntable was moving. 

Rhythm Imitation yielded a percent of compliant responses during the 

task *

Individual task performances were successfully stabilized using 

behavior control techniques in a multiple baseline design. Stabiliza

tion was evident across all tasks as respective performances were much 

less variable during treatment phases when reinforcement contingencies 

were introduced to each task using a time-lagged strategy. The objec

tive of the use of reinforcement contingencies was to maintain task 

performance near criterion levels summarized in Table 2. Figure 1 

illustrates the stabilizing effects of treatment across all eight tasks.

/ Treatment to one task affected performance only on that task, thus, 

respective task performances remained independent of each other.

Reduced task performance variability during treatment as com

pared to baseline is summarized in Table 3. Variability was defined as 

the task score difference within the condition as calculated by sub

tracting the lowest task score from the highest task score. All 

eight tasks yielded lower difference scores during treatment as

21
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Table 3. Performance differences and off-task frequencies 

during baseline and treatment by task

Task
Difference 

Baseline Treatment
Off-

Baseline
task

Treatment

Nesting Gups 131 seconds
58 seconds

2
0

Hallway Obstacle 67 seconds
16 seconds

0
0

RRAT 125 seconds
11 seconds

0
0

Ring and Peg 93 seconds
33 seconds

7
0

Name-writing 287 seconds
238 seconds

7
0

Reaction Time 18 seconds
3 seconds

5
0

Rhythm Imitation 50%
30%

3
0

Rotor Pursuit 3.17 seconds
.41 seconds

2
0

^Performance difference = highest score minus lowest score

compared to baseline. Off~task data were not included in the calcula

tion of difference scores, although the frequency of off-task behavior 

is included in Table12 with respect to task.

Task performances improved with treatment as demonstrated by 

baseline to treatment task X score changes in the desired directions. 

Table 4 shows the improved X scores. Noteworthy were the slight error
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Table 4. Task‘performance X scores during all phases

Task Baseline Treatment
Valium

Reduction

Nesting Cups 185 seconds 59 seconds 119 seconds

Hallway Obstacle 25 seconds 10 seconds 8 seconds

Errors .8 (frequency) .2 (frequency) .75 (frequency)

RRAT 31 seconds 15 seconds 13 seconds

Errors 1.97 (frequency) 1 o 46 (frequency) .75 (frequency)

Ring and Peg 144 seconds 54 seconds 81 seconds

Name-writing 196 seconds 130 seconds 162 seconds

Reaction Time 11 seconds 5 seconds 16 seconds

Rhythm Imitation 30% 79% 64%

Rotor Pursuit .98 seconds 1.45 seconds . 1.24I seconds

decreases as a result of implementing reinforcement contingent on time 

criteria during the KRAT and HWO.

Teacher Behavior 

To prevent the confounding of teacher's praises to the child 

with treatment reinforcement contingencies, the verbal and physical 

praise reinforcement schedule was kept constant across all sessions. 

Figure 2 depicts this consistency.
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Medication Manipulations

Task performance effects were not detected when reductions in 

sodium valproate occurred during baseline conditions» Refer to 

Figure 1 for denotations regarding when these reductions occurred in 

relation to existing conditions and task performances. Sodium valpro

ate was reduced from 500 mg. to 250 mg, between sessions two and three, 

and from 250 mg. to "o" between sessions eight and nine» During ses

sion seven, reinforcement contingencies were applied to Nesting Cups 

and HWO; thus, two interventions occurred almost simultaneously to 

these two tasks. Duping sessions seven and eight, which immediately 

followed contingency treatment. Nesting Cups task performance improved 

threefold. Although these data reflected improvement, an upward trend 

in performance persisted through session ten. HWO task performance 

during sessions seven and eight demonstrated an impressive 19 second 

improvement over the previous baseline task mean. Time to task comple

tion, six seconds, doubled in subsequent sessions nine and ten follow

ing the medication reduction.

Sessions thirty through thirty-six reflected task performances 

when valium was reduced from 10 mg. to 7.5 mg. Table 4 summarizes task 

X score comparisons across all phases. Performance improved, that is, 

task completion was more rapid than during other conditions on the two 

gross motor tasks, HWO and RRAT. On other tasks such as Nesting Cups, 

Ring and Peg, Name-writing, Rhythm Imitation, and Rotor Pursuit, per

formance deteriorated during the valium reduction as compared to perfor

mance during the previous treatment condition. However, performance on
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these tasks remained improved as compared to performances during base

line. Reaction Time performance was the poorest of all three condi

tions during the valium reduction.

Again, Figure 1 depicts task performances during the valium 

reduction as compared to performances during the previous two condi

tions. Task performance became highly variable on all tasks except the 

two gross motor tasks when the valium was reduced, and when the child 

entered a phase of increased seizure activity.

Seizure Frequency

Grand mal seizure frequency data were collected daily through

out the study. Seizures occurred most frequently between midnight and 

9 a.m., and no grand mal activity occurred during any lab sessions. 

Seizure frequency could not account for baseline to treatment perfor

mance improvements. Table 5 summarizes X seizure rates per day on all 

tasks during all three conditions. Since the seizure frequency distri

bution was erratic, and the condition time length varied according to 

task due to the time-lagged intervention schedule, the number of days 

in respective conditions for each task are included in Table 3. The 

seizure rate was calculated by dividing seizure frequency by total 

calendar days in the condition. Condition time length is expressed as 

number of days in the lab/total calendar days. On all tasks except 

Rhythm Imitation, the seizure rate was slightly lower during baseline 

as compared to treatment, and was the highest during the valium re

duction .
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Table 5. X seizure rate per day by task

——  1 X Seizures/Day
Task Baseline Treatment

Seizure
Baseline

Frequency
Treatment

# of Days in Lab/
# of Calendar Days 
Baseline Treatment

Nesting Cups .37

.63

7

57

6/19

23/91

Hallway Obstacle .37

O 63

7

57

6/19

23/91

Railroad Ataxia .55

.61

22

42

11/40

18/70

Ring and Peg .55

.64

24

43

12/43

17/67

Name-writing •57

.59

31

33

15/54 .

14/56

Reaction Time" .53

.65

34

30

18/64

11/46

Rhythm Imitation .62

; .5

48

16

20/78

9/32

Rotor Pursuit .57

.62 .

51

13

23/89

6/21

All tasks during 
valium reduction 1.6 53 7/32

1—X seizures occurring during the condition ~  number of 
calendar days per condition
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Seizure frequency data in relation to medication changes are 

depicted in Figure 3. The seizure distribution patterns of Figure 3 

were compared to individual task performances by visual inspection. 

Because of the lack of promising relationships, further analyses were 

not performed.

The seizure frequencies during the various medication regimens
2depicted in Figure 3 were compared using ^  analysis. Across all 

phases, there was a significant difference at the .250 level. That is, 

there is statistical significance in the varying frequencies across all 

regimens. To search for specific significant differences among phases, 

the number of seizures during each medication regimen were compared to 

that of every other regimen using ^  analyses. To prevent alpha slip

page, significant levels of interpretation value were set at .001. The 

following comparisons reached this significance: 7.5 mg. valium

(41 seizures) compared to the following regimens (respective seizure 

frequencies included)— (1) 750 mg. sodium valproate, 10 mg. valium 

(18 seizures); (2) 500 mg. sodium valproate, 10 mg. valium (7 seizures);

(3) 250 mg. sodium valproate, 10 mg. valium (13 seizures); and (4) 10 mg. 

valium (15, 19 seizures in respective adjacent time phases). This sta

tistical summary denotes that 7.5 mg. valium produced significantly more 

seizures than the four other regimens listed.
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DISCUSSION

This study contributes to the technology of behavioral pharma

cology by providing a means whereby behavioral effects of pharmacologi

cal agents can be reliably measured» Initial baseline assessment on 

the eight perceptual-motor tasks yielded unstable behavioral data. In 

accordance with Sidman's (1960) contention that baseline data sometimes 

require treatment for stabilization, behavior control techniques were 

applied to each of the eight tasks in a time-lagged design. The re

sult was more stable behavior which was sensitive to subsequent valium 

dosage manipulation.

In the discussion to follow, the concept of drug-behavior- 

environment interactions will be introduced as the rationale and 

justification for using behavior control techniques in behavior pharma

cological research and practice. Secondly, an evaluation of time series 

designs will be presented in terms of both experimental methodological 

value and social-clinical contribution to the practice of prescribing 

drugs for the handicapped child.

A drug can be as powerful a contributor to behavior change as 

the many other environmental contingencies which shape and maintain 

behavior. These contingencies include the availability of reinforce

ment, the schedule(s) of reinforcement, and discriminative stimuli 

present (Skinner, 1969). The concept of drug-behavior-environment 

interactions refers to the way these contingencies plus drugs

30



31
concurrently influence behavior. Behaviors speculated to be drug- 

related are not only a product of the chemicals in the drug, but of 

interactions with other existing contingencies as well.

Sprague and Baxley (1978) emphasized that drug-behavior rela

tionships must be evaluated within the larger social context of their 

occurrence. The developmentally disabled and epileptic child usually 

has a defective nervous system, and is, consequently, living in a re

stricted environment. These "restrictions" evolve from physiological 

factors, such as cerebral palsy, which produce impaired motor abilities 

among other problems. The way people behave vis-a-vis the child in the 

face of his/her numerous handicaps is a major influence on how the 

child behaves. All of these factors must be taken into account as 

variables which contribute to behavioral data in a drug-behavior 

assessment.

Since drugs interact with on-going envirpnmental events, the 

task of the drug-behavior investigator is to identify, thus separate, 

other environmental influences from drug effects in order to elucidate 

the latter. The identification process involves observation and data 

collection on potential behavior control variables so that these vari

ables can be kept the same during drug-behavior assessment sessions.

If these variables are systematically controlled over time, fluctua

tions in behavior should be drug-related. Potential behavior control 

variables in this study included the presentation of task materials, 

the testing room, the teacher, and the time of day and reinforcement 

contingent on task completion. Reinforcement was manipulated while 

these other environmental variables were held constant.
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In drug-behavior-environment interactions, a drug is considered 

as part of a network of environmental influences on behavior. The task 

in behavioral pharmacology research is to separate the components of 

the interaction for identification. Behavior control techniques, which 

take into account drug-behavior-environment interactions, offer a 

methodology to facilitate this separation, thus, elucidate drug-behavior 

relationships.

Time Series Designs in Behavior Pharmacology

A time series design reflects measurement of certain target 

behaviors at specified intervals over time. The data lend themselves 

to evaluation, as the study progresses, for the process of behavior 

change, and/or the data can be "blocked," that is, average scores of 

the behaviors measured can be calculated by experimental phases. Both 

interpretation methods•were used in this study.

The main disadvantage of the time series design is the absence 

of acceptable statistical methods to analyze the data. Controversy 

among statisticians regarding which methods are logically sound, and 

how many data points are necessary to validate statistical time series 

analysis procedures, continues at the time of this writing.

One unanswered question from this study is the overall degree 

to which seizure activity affected task performances. A correspondence 

between seizure activity on an assessment day and subsequent impaired 

performance did not occur with the regularity required to suggest a 

relationship. Cumulative seizure activity over time, however, may



possibly affect behavior such that cyclic patterns of relationships 

might exist. This question was not examined in this study.

There are four main advantages in using time series designs in 

behavior pharmacology research: (1) the identification of idiosyn

cratic drug responses; (2) control of intra-subject variability; (3)

intra-subject replication; and (4) the design offers a clinical prac

tice model for clinicians, teachers, and parents who need to monitor

possible drug-related behavior over short and long time periods.
/

First, the ability of time series methods to elucidate idio

syncratic drug responses is obviously apparent from the data generated 

throughout this study. Task performance from session to session was 

sensitive to the valium dosage manipulation. Perhaps one would have 

predicted that the child would perform with greater speed and accuracy 

when the valium, a tranquilizer, was reduced. Although this was the 

case for his performance on the gross motor tasks, performance on the 

fine motor tasks deteriorated and became erratic. The child's physi

cian speculated that the erratic behavior which resulted during the 

valium reduction occurred because of the chronic drug administration. 

Sometimes, valium "builds up" in the body over many months of ingestion 

producing bizarre behaviors. Instead of implicating the drug dosage, 

reduction as the cause of behavior, perhaps the reduction occurred 

simultaneously with cumulative drug toxicity. This question remains 

unanswered for the present, however, it could be answered in another 

time series study which monitors valium behavioral effects for longer 

than six months.
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During the literature review presented earlier, groups design 

methodology was criticized for the lack of methods to illuminate idio

syncratic drug-related responses. If idiosyncratic behavior occurs 

during a traditional groups design, the behavior would be "lost11 in 

the calculation of the group average, and the drug-behavior investi

gator would miss an opportunity to identify drug-related behavior.

Secondly, the control of intra-subject variability is important 

because the complexity of drug-behavior-environment interactions can 

often obscure identification of drug-related behaviors. In the tradi

tional groups designs, subjects1 scores (from behavioral measurements) 

are averaged together according to control or experimental group assign

ment. Assumed is the random nature of uncontrolled variables, that, is, 

the sources of variability will become equally dispersed throughout the 

groups as the number of subjects increases. If the assumption is made 

that intra-subject variability is not intrinsic, then the investigator 

must systematically identify, control, and/or eliminate environmental 

sources of variation (Hersen and Barlow, 1976; Sidman, 1960). As the 

time series design progresses, variable data can be evaluated across 

those intervals where behavior was measured. This "data point to data 

point"analysis allows the investigator to more closely observe behavior 

measurement processes, thus, identify possible sources of variation.

In this study, task performance was extremely variable when the 

schedule of reinforcement was not systematically manipulated.

The third advantage of time series designs is the opportunity 

to build intra-subject replication into the experimental procedure.
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Sidman (1960) pointed out that intra-subject replication is most power

ful as it provides a consistent and quantifiable demonstration of a 

technique's reliability. A multiple baseline strategy was used in this 

study to introduce behavior control to each of the eight tasks individu

ally. The end result, methodologically, consisted of eight examples of 

•the effectiveness of the experimental variable. Replicating the design 

in this manner was certainly less costly and time-consuming than running 

eight individual designs with eight (or eighty) subjects.

The last advantage is the clinical practice model the time 

series design offers physicians and others who are interested in moni

toring behavior over time for possible drug effects.. This design is. 

unique in that it offers the clinician an opportunity to evaluate the 

outcome of therapy and observe behavior as it changes in response to 

treatment (Hersen and Barlow, 1976) . The seizure and performance data 

generated throughout this study were viewed frequently by the child's 

mother and his physicians. At times, clinical decisions regarding drug 

dosages were based on these data. Since the design was in effect for 

over six months, immediate responses to medication changes were docu

mented, and the longterm effects of the drugs were also included in the 

drug-behavior evaluation.

The value of a behavior monitoring system can be further illus

trated by a description of events in the life of the child who served 

as the subject. The child was seven years old at the time of the study, 

although he had been an epileptic since age four. His seizures were 

never controlled by any one seizure-controlling drug or combination
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thereofe At times, the drug dosages he received were high by "normal" 

standards, Frequently, dosages were adjusted by his physician who 

based these decisions on subjective progress reports from the child's 

mother over the telephone. The child was brought to the Child Psychol

ogy Laboratory by his mother who feared that some of the child's dis

abilities had been caused by seizure-control medications.

When this study's behavior monitoring plan began, the child's 

physician was contacted frequently to provide him with data feedback 

regarding the child's behavior. Many physicians rarely make these kinds 

of data-based decisions when prescribing medication. This study pro

vided a beginning for a systematic data-based drug monitoring system. 

However, when the valium was reduced, the child entered a period of 

increased seizure activity. The physician changed medications in the 

face of the dilemma of possible danger from seizures. Previous seizure 

frequency data indicated such recurrent cycles regardless of medication 

type or dosage.

The study was terminated when the child's parents relinquished 

his custody and placed him in an institution for the mentally retarded. 

The child's seizure- and drug-related disabilities had become more than 

his parents could contend with at home.. The staff at this facility 

were unable to transport the child to the laboratory in order to con

tinue monitoring his behavior. Unfortunately, these staff could not 

monitor the child's behavior themselves as they were not trained in the 

nature of seizure-control medications or methods in drug-behavior 

assessment. This points to the need for drug-behavior assessment 

training.
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The behavior control techniques implemented in a time series 

design provide a sound experimental method for behavior pharmacol

ogists and a beneficial clinical tool for clinicians. The welfare of 

many children, disabled and normal, who are receiving drugs can be 

improved through the use of a monitoring system to identify drug- 

behavior relationships. Other medications, especially psychoactive 

tranquilizers, can also be evaluated using the same procedures. The 

methods developed throughout the course of this study should be used 

by physicians and other relevant personnel to monitor children's be

havior related to seizure activity and seizure-control drugs.
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Railroad Ataxia Test Pattern
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Finish

11 2" x 24" blocks

Start

2'



Trial Patterns for the Hallway Obstacle Task

Trial 1

Start

Trial 2 Trial 3

ll"xll"xll"n

Start Start

54"

Start

Trial 5

Start
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Rhythm Imitation: Beats per Trial

Trial y Beats

1 ■ 3

2 1

3 2

4 1

2
6 2

7 3

8' 2

9 ' 3

10 4
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