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POLING, A. AND S. E. BREUNING. Effects of methylphenidate on the fixed-ratio performance of mentally retarded 
children. PHARMACOL BIOCHEM BEHAV 18(4)541-544, 1983.--The effects of methylphenidate on the lever-pressing 
of 12 mentally retarded children maintained under fixed-ratio 5, 10 and 20 schedules of food delivery were examined. For 
five children, methylphenidate at oral doses of 0.3, 0.7 and 1.0 mg/kg produced generally dose-dependent decreases in 
response rates, whereas for the other seven children the two lower doses increased response rates while the highest dose 
decreased responding. The differential effects of methylphenidate across participants could not be attributed to differences 
in control response rates or demographic factors. However, each child whose rate of fixed-ratio responding was increased 
by methylphenidate also demonstrated a therapeutic response to the drug. 
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DRUG effects in mentally retarded humans has become a 
topic of interest as it has become apparent that little is known 
concerning the clinical efficacy or basic behavioral effects of 
many drugs in this population, and that findings with other 
populations (e.g., the mentally ill) do not necessarily general- 
ize to the mentally retarded [4, 5, 6]. 

Methylphenidate (Ritalin) is one drug whose effects in the 
mentally retarded are little known. This drug is a stimulant 
frequently used to treat hyperkinesis (now generally referred 
to as attention deficit disorder), a behavioral syndrome of 
children "characterized by short attention span, aggressive 
behavior oriented toward peers, impulsiveness, and rest- 
lessness" [11]. A large number of clinical investigations 
have examined the therapeutic efficacy of rrJethylphenidate 
and other stimulants, and it appears that the problem behav- 
iors of many (but by no means all) hyperactive, non-retarded 
children are beneficially affected by stimulant medications 
(for reviews see [1, 2, 13]). Fewer successes have been re- 
ported when methylphenidate was used wi[h mentally re- 
tarded children who exhibited problem behaviors similar to 
those associated with hyperkinesis [11]. 

Methylphenidate's behavioral pharmacology in mentally 
retarded humans is largely speculative. For example, the 
manner in which the drug affects schedule-controlled behav- 
ior in this population is unclear. One study [8] reported that a 
0.5 mg/kg dose of methylphenidate had no effect on the rate 
of bar-pressing or rocking of 10 mentally retarded subjects 
when these responses were maintained under a fixed-ratio 15 
(FR 15) schedule of candy delivery and analyzed statistically 
on a group basis. When examined on an individual basis, the 
response rate of some subjects increased when drug was 
given, while that of others decreased. Since only one dose of 
methylphenidate was evaluated, and no further reports in 
this vein have appeared, these results are difficult to inter- 
pret. 

The present study examined the effects of oral doses of 
0.3, 0.7 and 1.0 mg/kg methylphenidate on the lever-press 
responding of mentally retarded children when responding 
was maintained under FR 5, l0 and 20 schedules of food 
delivery. These doses were selected since they fall within the 
suggested therapeutic range and, in hyperactive non- 
retarded children, "doses between 0.3 and 0.7 mg/kg appear 
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TABLE 1 
SUBJECTS' DEMOGRAPHIC CHARACTERISTICS 

Age Weight 
Subject Sex (yrs) (kg) IQ Initial CTRS 

1 F 11.2 38.6 56* 16.7 
2 F 12.6 42.1 44t 15.8 
3 M 14.3 56.6 43t 15.9 
4 M 14.1 50.1 29:~ 16.4 
5 M 9.6 32.3 59* 18.1 
6 F 7.4 22.4 54t 15.4 
7 M 10.0 32.5 63* 17.5 
8 M 8.2 24.7 25* 16.7 
9 F 9.3 30.3 49t 19.3 

10 M 10.2 34.8 51~ 15.8 
11 M 6.8 23.4 61t 16.3 
12 F 8.7 26.2 37* 16.4 

*Wechsler Intelligence Scale for Children--Revised. 
t Stanford-Binet. 
*Leiter International Performance Scale. 

to increase academic and learning behaviors, while large 
doses (i.e., above 1.0 mg/kg) seriously impair these same 
behaviors"  [11]. Reported data were collected as part of  a 
larger investigation designed to assess the effects of  methyl- 
phenidate on several clinically relevant measures,  including 
time spent on-task, parts assembled in a workshop task, and 
teachers '  evaluations of  behavior. The abbreviated Conners 
Teachers Rating Scale (CTRS), described elsewhere [12], 
was used to quantify teachers '  evaluations. 

PROCEDURE 

Subjects 

Twelve hospitalized mentally retarded children (mean in- 
telligence quotient=48, range=25 to 63; mean age=10.2 
years,  range=6.8 to 14.3 years), seven boys and five girls, 
participated in the study. The sex, age, weight, intelligence 
quotient (IQ) and CTRS score of  each child at the onset of 
the investigation is shown in Table 1. Participants were 
selected on the basis of  having mental retardation due to 
unknown etiology with no other neurological disorders and 
scoring above 15 (the accepted cutoff for hyperactivity with 
non-retarded children) on the CTRS. CTRS scores were 
used in screening participants because methylphenidate is 
useful in managing the behavior of  hyperactive,  non-retarded 
children, which allows a clinically reasonable argument to be 
made for evaluating the drug's  effects in mentally retarded 
children who behave similarly (i.e., whose CTRS scores fall 
above 15), although not necessarily in other mentally re- 
tarded individuals. Parental consent to participate in the 
study was obtained for each child. 

Apparatus 

Testing was conducted in a room 4 m wide, 5 m long, and 
2.5 m high. The room was equipped with a chair, in which 
the participant sat facing a table. A work panel located on the 
table was equipped with a metal response lever that pro- 
jected outward 10.2 cm, and a food dispenser that delivered 
small edibles (M & M's ,  Mars, Inc., Hackettstown, NJ, or 

Reese 's  Pieces, Reese 's  Co., Hershey,  PA). Solid-state and 
electromechanical equipment located in an adjacent room 
recorded responses and arranged food deliveries. 

Procedure 

Each child initially was trained to press the lever under a 
FR 1 schedule, where every press was followed by delivery 
of  a single piece of  candy. Training involved verbal instruc- 
tion, modeling, and physical guidance if necessary. After 
initial training, the child was left alone (although constantly 
monitored via a one-way mirror) and instructed to keep 
pressing the lever to earn candy. During the first session, 
which like all subsequent sessions terminated after 30 rain, 
the FR value initially was set at one and gradually increased 
across time. This procedure was continued across sessions 
until all participants consistently earned food when it was 
available under a FR 20 schedule. At that point, the experi- 
ment proper began. 

The experiment was conducted in alternating seven-day 
phases of methylphenidate and placebo administration. 
Three oral doses of methylphenidate hydrochloride (CIBA 
Pharmaceutical Co., Summit, N J), 0.3, 0.7 and 1.0 mg/kg, 
were examined. These doses, like placebo, were adminis- 
tered in capsules of identical appearance 90-100 min prior to 
the experimental session. Double-blind conditions were in 
effect throughout the study; neither the participants nor the 
experimenter were aware of  the drug given. Each participant 
received each dose of methylphenidate during one seven-day 
block, with the order of exposure counterbalanced across 
participants. As noted above, a seven-day block in which 
placebo was given preceded and separated each series of 
drug administrations. 

In each experimental session, a participant was exposed 
to FR 5, l0 and 20 schedules of food delivery. Each FR value 
was in effect for l0 min; the order in which the schedule 
values appeared alternated irregularly across sessions and no 
exteroceptive stimuli were associated with the individual FR 
values. Thus, a mixed FR 5, FR 10, FR 20 schedule of food 
delivery was in effect during all sessions. Response rates 
during each component of  this schedule (i.e., under each 
value of  the FR) were recorded separately. 

RESULTS 

Figure 1 depicts the rate of responding of each child under 
all experimental conditions. Control values (0 mg/kg) repre- 
sent mean response rates during the last session of  each of 
the three placebo phases; each drug data point indicates the 
response rate during the final session of exposure to a par- 
ticular methylphenidate dose. 

During control sessions, children responded most rapidly 
under the FR 20 component,  and least rapidly under the 
FR 5 component.  Drug effects differed across participants, 
with two major patterns of sensitivity being evident. For  five 
children, methylphenidate generally failed to increase re- 
sponding relative to control values. In these individuals, the 
drug typically was associated with dose-dependent rate de- 
creases at each FR value. 

The 1.0 mg/kg methylphenidate dose also decreased re- 
sponse rates in the remaining seven children. However,  the 
two lower doses generally increased response rates in these 
individuals. The magnitude of this effect typically was 
greatest under the FR 20 schedule, least under the FR 5 
component.  In five children, the highest rates of responding 
were associated with the 0.3 mg/kg dose, although the 0.7 
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FIG. 1. Effects of methylphenidate on the FR performance of mentally retarded children. 
Each control (0 mg/kg) data point represents the mean rate of lever-pressing across three 
sessions as explained in text. Each drug data point represents performance during the final 
session of exposure to the indicated dose. 

mg/kg dose was associated with the most rapid lever- 
pressing in two individuals. 

DISCUSSION 

In the present study, methylphenidate d id  not similarly 
affect the FR performance of  all participants. However ,  data 
were not disorderly,  and therefore uninterpretable. Rather, 
two separate patterns of  sensitivity were evident.  This may 
be of  interest, especially if the variables responsible for the 
differential effects across participants can be disclosed. 

One variable that investigations with nonhumans have re- 
vealed to influence the effects of  stimulants on  schedule- 
controlled performance is the control (drug absent) rate of  
responding. These drugs generally increase 10w-rate oper- 
ants at doses that decrease high-rate operants [10]. Given 
this, it might be expected that those participants for whom 
methylphenidate increased FR response rates in the present 
study responded at far lower control rates than those for 
whom the drug decreased responding. This was  not the case: 
Whether methylphenidate increased or decreased the FR re- 
sponding of  mentally retarded children was not related in any 
obvious way to control response rates. The drug's  effects 
also were not related to the age, sex, or intelligence of  par- 
ticipants, or  the sequence of exposure to the three doses of  
methylphenidate. Thus, the factors that account for the two 
patterns of  sensitivity observed in this study are unknown. 

Retrospective analysis of  the measures tal~en to deter- 
mine the clinical efficacy of methylphenidate did reveal that 
each child for whom 0.3 and 0.7 mg/kg dose s of  the drug 
were associated with increased rates of  FR responding also 
evidenced a therapeutic response to the drug. This was 
shown by increases in time spent on-task and parts com- 
pleted in a workshop assembly task, and decreases in 

teachers '  ratings (CTRS) of  hyperactive behavior. The five 
children whose rates of  FR responding were highest when 
0.3 mg/kg methylphenidate was administered had mean 
CTRS scores of  16.5, 7.2, 9.6 and 19.7 for the 0, 0.3, 0.7 and 
1.0 mg/kg conditions, respectively. The two children whose 
rates of  FR responding were highest when the 0.7 mg/kg dose 
was given had mean CTRS scores of  16.1, 9.3, 6.9 and 21.2 
across these same four conditions. The CTRS scores of  the 
remaining five children, whose FR responding was de- 
creased by methylphenidate,  increased as the drug dose in- 
creased. Thus, each child whose FR response rate increased 
in the presence of  methylphenidate manifested a therapeutic 
response to the drug, while each child whose FR responding 
decreased in the presence of the drug failed to manifest such 
a response. Further,  for the former individuals, the greatest 
rates of  lever-pressing occurred at the dose (i.e., 0.3 or  0.7 
mg/kg) which led to the greatest therapeutic control of  
hyperactivity.  This finding suggests that Davis '  [8] findings, 
discussed earlier, may have been due to some of  her subjects 
being therapeutic responders while others were not. Unfor- 
tunately, the variables that determine whether methylpheni- 
date produces a desirable clinical outcome with mentally re- 
tarded children are elusive. 

The present findings suggest that mentally retarded indi- 
viduals showing therapeutic responses to methylphenidate 
may also show increased rates of  adaptive behavior. This 
stands in contrast  to the results of  recent studies showing 
dose-dependent decreases in adaptive behaviors of  mentally 
retarded individuals receiving neuroleptic drugs regardless 
of  whether there is a therapeutic response to the drug [3,7], 
and may be of  clinical significance given that the rationale for 
using a neuroleptic versus methylphenidate with mentally 
retarded children appears to often be tenuous (see [9]). 
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