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The effects of illumination, d-amphetamine, and
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The effects of illumination, d-amphetamine, and methylphenidate on vigilance behavior were
studied with four squirrel monkeys. Detection rates of an auditory signal were higher in the
light than in the dark. Although methylphenidate did not alter performance, d-amphetamine
lowered detection rates more in the light than in the dark, particularly in male squirrel

monkeys. Results were interpreted in terms of altered arousal levels.

Vigilance has been defined as “‘a state of readiness to
detect and respond to certain specified small changes
occurring at random time intervals in the environment”
(N. H. Mackworth, 1957, p. 389). The importance of
arousal, one of the many variables thought to effect
such behavior, has been recognized in several theoretical
papers (Frankmann & Adams, 1962; Hebb, 1955;
Lindsley, 1960; Scott, 1966; Stroh, 1971). It has been
demonstrated that cortical arousal can be altered with
sensory stimulation via the reticular formation (Starzl,
Taylor, & Magoun, 1951), and it was this functional
aspect of sensory input that Hebb (1955) felt was neces-
sary for an organism to maintain an alert, vigilant state.
Isaac and Devito (1958) have suggested that behavioral
manifestations of arousal could be influenced by varying
the intensity of ambient sensory conditions in the
environment.

Numerous studies have since reported that vigilance
behavior in humans is sensitive to the effects of noise, and,
generally, investigators have found that increasing either
the intensity or the variability of auditory stimulation
has enhanced performance (Davenport, 1972; Davies &
Hockey, 1966; Kirk & Hecht, 1963; McGrath, 1963;
Watkins & Feehrer, 1965). Thus far, however, no one
has investigated what effect ambient illumination may
have upon vigilance behavior. Previous studies with
diurnal animals have shown that ambient illumination
increases locomotor activity (Alexander & Isaac, 1965;
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Isaac & Troelstrup, 1969) and fixed-interval responding
(Isaac, 1969; Stinnette & Isaac, 1975), suggesting that
light has an excitatory effect upon behavior in diurnal
animals. Therefore, it would seem likely that ambient
illumination may influence vigilance behavior as well.

Another means of altering arousal is through the use
of pharmacological agents such as dextroamphetamine,
or Dexedrine (Bradley & Key, 1958), a drug that has
been classified as a CNS stimulant (Goodman & Gilman,
1975). However, the behavioral effects of d-amphetamine
do not appear to be simple. For example, Isaac and
Troelstrup (1969) found that while d-amphetamine
increased locomotor activity in nocturnal owl monkeys,
the drug decreased activity in diurnal squirrel monkeys.
Furthermore, these investigators reported that the drug
altered the activity of both species only when ambient
illumination was present in the environment. Alexander
and Isaac (1965) have suggested that d-amphetamine
produces a depressant effect on the behavior of diurnal
animals by reducing the effects of ambient illumination.

Previous studies have suggested that d-amphetamine
and another drug classified as a CNS stimulant (Goodman
& Gilman, 1975), methylphenidate hydrochloride
(Ritalin), may have similar effects on behavior. In a
study comparing the effects of these drugs on activity
of albino rats, Kallman and Isaac (1975) found that the
level of ambient illumination also influenced the potency
of methylphenidate. Both drugs elevated activity more
in the light than in the dark, although methylphenidate
required nearly twice the dosage (milligrams per kilo-
gram of body weight) to produce behavioral changes
equivalent to those seen with d-amphetamine. Further,
Davis (1957) administered racemic amphetamine and
methylphenidate subcutaneously and found that these
two drugs reduced pacing behavior in rhesus monkeys
in a similar fashion.
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Methylphenidate and d-amphetamine have also been
reported to alter responding on tasks requiring prolonged
attention, or vigilance. Reviews by Barkley (1977)
and Whalen and Henker (1976) indicated that methyl-
phenidate and d-amphetamine appeared to improve the

performance of hyperkinetic children on attentional -

tasks. However, studies examining the effects of these
drugs in adult humans either have not been able to find
an effect on vigilance behavior (Hink, Fenton,
Tinklenberg, & Kopell, 1978) or have used only a single,
low dose (Loeb, Hawkes, Evans, & Alluisi, 1965;
J. F. Mackworth, 1965), making it difficult to interpret
what effects these drugs may have on vigilance behavior

The present study attempted to systematically
investigate the effects that illumination, d-amphetamine,
and methylphenidate may have on vigilance performance
of diurnal squirrel monkeys. If increasing the intensity
of ambient illumination enhances behavior in diurnal
animals, as suggested by previous studies, it would be
predicted that vigilance performance should be better
in the light than in the dark. If, on the other hand,
d-amphetamine reduces the effect of illumination on
behavior, then the drug should produce its greatest
effect when the animals are tested in the light and
should produce dose-related decrements in vigilance
performance of diurnal animals. Similar predictions
would be made for methylphenidate if it affects behavior
in a manner similar to d-amphetamine.

METHOD

Subjects

The subjects were four squirrel monkeys (Saimiri sciureus),
two males and two females, which were 2.5 years old at the
beginning of the experiment. All animals had previous experience
with d-amphetamine and methylphenidate as part of an experi-
ment measuring the effects of these drugs on auditory thresholds
(Delay, Steiner, & Isaac, 1979). The animals were housed in
heterosexual pairs in the colony and maintained on a 12-h light,
12-h dark cycle with the lights turned on at 5:00 a.m. All
animals were tested at the same time each day between 9:00 a.m.
and 12:00 noon. All animals were maintained at normal body
weight throughout the experiment, with food and water available
ad 1ib in the home cage. The animals were weighed at the begin-
ning of each replication and at the end of the study.

Apparatus

The animals were transported to the experimental apparatus
and tested in an expanded metal transport cage 24.4 cm high,
24 4 cm wide, and 38.5 cm long. The doors at both ends of the
transport cage were made of Plexiglas, painted black. An operant
lever, which served both as a response manipulandum and as the
reinforcement site, was inserted into a small opening in one of
the doors. The lever was illuminated internally with a dim
light throughout all test sessions (Davis Scientific Instruments,
BD-2). The transport cage was placed inside a sound-attenuated
wooden chamber. The chamber measured 53 cm high, 55 cm
wide, and 71 cm deep inside and was painted flat white. A
fluorescent light was recessed in the chamber ceiling directly
over the center of the transport cage and was covered with
frosted glass. The door of the chamber had a 28 x43 cm
Thermopane observation window covered with cheese cloth on
the outside. A ventilation fan provided 68-dB ambient noise
(A scale, re: 20 uN/M?). The auditory stimulus was a 4kHz
tone, 500 msec in duration and approximately 8-10 dB above

each animal’s threshold in the light. The tone was generated by
solid state circuitry (Delay, Golden, & Steiner, 1978) and was
delivered through an 8-ohm speaker to the inside of the chamber
45 cm from the center of the transport cage. All programming
and recording equipment was located in a separate room.

Procedure

Light (376.741x) and dark (less than 10.76 1x) ambient
sensory conditions were alternated daily. The animals spent the
first 10 min of the 70-min vigilance session adapting to the
illumination level. Four warm-up trials were presented during
the last 5 min of the adaptation period, but they were not
included in the analysis. The remaining 60 min were divided
into four 15-min intervals. Six stimuli were randomly presented
in each interval, with a mean of 2.5 min between stimulus pre-
sentations. The total number of correct responses for each inter-
val was recorded to evaluate the effects of elapsed time on
performance. .

A trial was 3 sec in duration, with the stimulus present during
the first .5 sec. A correct response, or detection, was a leverpress
emitted at any point during the trial. This response terminated
the trial and delivered 1/8 cc of the reinforcer (sweetened
Hawaiian Punch). Incorrect responses, or false alarms, were
recorded cumulatively for a complete experimental session,
with the exception of responses made during a 10-sec period
following the delivery of the reinforcer. This prevented record-
ing leverpresses resulting from the animal’s obtaining the rein-
forcer. In addition, false alarms emitted during the 10 sec prior
to the stimulus onset resulted in delaying the onset of the
stimulus for 10 sec ensuring stimulus control and a low false
alarm rate.

The animals were trained on the task until they were able to
detect 80% of the stimulus presentations during the first interval
in the light. When the animals met this criterion on 5 consecutive
days in the light, drug administration was begun. One male and
one female began the experiment with d-amphetamine; the other

‘two animals started with methylphenidate. Each of four doses of

d-amphetamine (0, .1, .2, and .4 mg/kg) and four doses of
methylphenidate (.0, 4, .8, and 1.6 mg/kg) were prepared in
constant-volume solutions. Bacteriostatic water was used as the
placebo solution and was the vehicle for all drug doses. A single
dose was administered orally in 10 cc of sweetened Hawaiian
Punch 5 min prior to placing the animals in the apparatus. The
sequence of doses for each drug was determined for each animal
by using a Latin square. A different sequence was used for each
illumination condition and for each replication. Therefore, a
replication consisted of 1 day for each drug level under each
illumination condition, for a total of 8 days per replication. The
animals were adapted to the taste of each drug as well as the
peripheral effects of the drug during the first two replications
with the drug. Data from three subsequent replications were
evaluated by analysis of variance. At the end of the last replica-
tion with the first drug, the animals had a §-day period during
which the experimental procedures were continued but no drug
was given. At the end of this period the animals began a new
series of replications with the second drug. Again, the first two
replications were for adaptation, and the next three were used
for analysis. Thus, each animal had five replications with the
second drug. In this fashion all animals were tested under both
drug conditions.

RESULTS

Data from each drug condition were analyzed using a
five-factor analysis of variance, with sex as an indepen-
dent factor and repeated measures on illumination,
dose, intervals, and replications (see Figure 1). The
analysis of the d-amphetamine data indicated that the
drug produced a significant dose-related decrease in
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Figure 1. The effects of increasing doses of d-amphetamine
(d-A) and methylphenidate (MP) on detection.

detection rate [F(3,190)=16.45, p <.005]. The anal-
ysis also revealed significant Dose by Sex [F(3,190)=
890, p<.005] and MNlumination by Dose by Sex
[F(3,190)=2.75, p<.05] interactions. These results
showed that detection rates were higher in the light than
in the dark for all animals, with the drug producing a
larger decrement in detection rate in the light than in the
dark, particularly in the males. Detection rate also
declined significantly across intervals within the vigilance
session [F(3,190)= 2.71, p <.05]. However, intervals
did not significantly interact with any other variable.

The methylphenidate analysis did not reveal any
significant drug effect [F(3,190)= .44, p <.25]. How-
ever, detection rates were higher in the light than in the
dark [F(1,190)=8.10, p<.01] and were found to
decrease significantly with elapsed time [F(3,190)=
2.71, p<.05]. There was also significant Replication
by Sex interaction [F(2,190)=7.54, p<.01] present,
with the males detecting fewer stimuli during the first
replication than in subsequent replications.

Analysis of the false alarm data collected under each
drug condition showed that d-amphetamine was the only
factor that had a significant effect on false alarms. The
drug produced a dose-related reduction in the false
alarm rate [F(3,14) = 11.64,p < .005].
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DISCUSSION

Hebb (1955) has suggested that it is the arousal aspect of
sensory stimulation that is essential for the maintenance of a
vigilance state. The intensity of sensory stimulation has been
hypothesized as a major stimulus characteristic affecting the
arousal level of an organism (Isaac & Devito, 1958). Studies have
generally shown that human subjects are more proficient on a
variety of visual vigilance tasks when the intensity of ambient
noise is increased or made variable (Davenport, 1972; Davies &
Hockey, 1966; Kirk & Hecht, 1963; McGrath, 1963; Watkins &
Feehrer, 1965). In this study, detection rates of an auditory
stimulus were higher in the light than in the dark, indicating
that the intensity of ambient light can influence performance on
attentional tasks. Previously reported data on locomotor activity
(Alexander & Isaac, 1965; Isaac & Troelstrup, 1969), fixed-
interval responding (Isaac, 1969; Stinnette & Isaac, 1975),
sensory thresholds (Delay, Smith, & Isaac, 1978), and reaction
times (Hornbuckle, 1972; Kallman & Isaac, 1977) have suggested
that diurnal animals are more aroused in the light than in the dark.
It would appear from this study that the presence of ambient
illumination and consequent increased arousal level can facilitate
performance of diurnal animals on a vigilance task as well.

A performance decrement over time has generally been
reported in vigilance studies, particularly if the ambient sensory
conditions are uniform throughout the session (Stroh, 1971).
Scott (1966) has suggested that this decrement is due to sensory
habituation, resulting in a decrease in arousal level. The decre-
ments in detection rates across intervals in the present study are
in agreement with this notion.

Although d-amphetamine appears to have a stimulant effect
on behavior in nocturnal animals (Isaac & Troelstrup, 1969;
Kallman & Isaac, 1975; Seegal & Isaac, 1971), the drug has been
found to decrease locomotor activity (Alexander & Isaac, 1965;
Davis, 1957; Isaac & Troelstrup, 1969; Lowther & Isaac, 1976)
and to reduce fixed-interval responding (Goethe & Isaac, 1977;
Stinnette & Isaac, 1975) in diurnal animals. In the presence of
light, d-amphetamine has also consistently been shown to have
its greatest effect on behavior (Isaac & Troelstrup, 1969;
Lowther & Isaac, 1976; Stinnette & Isaac, 1975). Alexander and
Isaac (1965) posited that d-amphetamine may have the same
effect on arousal as reducing ambient visual input and, there-
fore, would appear to act as a depressant on behavior in diurnal
animals. The doserelated decrement in detection rate seen
primarily in the light in this study is consistent with this notion.
This decrement was greater for the males than for the females,
which is consistent with previous findings (Stinnette & Isaac,
1975) that males appear to be more responsive to the drug than
females.

Although false alarms also showed a dosesrelated reduction,
it would seem unlikely that a lower response rate could account
for all of the changes in detection rate. First, a 10-sec delay in
the trial onset was imposed if a response was emitted within
10 sec preceding the stimulus presentation, ensuring stimulus
control of the leverpress response. The false alarm rate was less
than 2/min even under the placebo condition, a rate unlikely
to influence the detection rate by producing a response during a
trial lasting only 3 sec and occurring on the average of once
every 2.5 min. Second, detection rate was altered by
d-amphetamine as a result of the drug’s interacting with the level
of illumination and the sex of the animal, whereas only
d-amphetamine altered false alarm responding. This suggests
that d-amphetamine reduced detection rate independently of
any changes in false alarm responding.

Methylphenidate did not have an effect on vigilance perfor-
mance in the present study. This was surprising, since all the
doses used in this study have been shown to produce behavioral
effects in other organisms. Werry (1976) reported that most
children are responsive to methylphenidate at doses as low as
.3 mg/kg. Changes in locomotor activity have also been observed
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when 5 mg/kg or more of methylphenidate is administered
subcutaneously to rhesus monkeys (Davis, 1957) and when
4 mg/kg is administered intraperitoneally to rats (Kallman &
Isaac, 1975). However, Goethe and Isaac (1977) were unable
to find a methylphenidate effect on fixed-interval responding
when the drug was administered orally to squirrel monkeys at
doses as high as 3.2 mg/kg. These data suggest that the route of
administration may be a factor in the effectiveness of the drug
on behavior. Another factor that could have contributed to the
lack of methylphenidate effect in this study is age. Kallman and
Isaac (1975) found an age difference in the responses of albino
rats to three different drugs, including methylphenidate. In the
monkey studies cited above, Davis (1957) used adult rhesus
macaques as subjects, and Goethe and Isaac (1977) used squirrel
monkeys of approximately the same age as the subjects used in
the present study. These data suggest that factors such as route
of administration and age may influence the potency of methyl-
phenidate on behavior.
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