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Abstract. The effects of LED on perceptual behavior were analyzed with a
signal deteetion procedure. This procedure is designed so that at least two of the
parameters of a discrimmation can be examined. The parameters examined were
the physical properties of the stimuli being discriminated (e. g., sensory modality,
digerimination difficalty) and the relative reinforcing properties of the environ-
ment (e, g., reinforcement probability). Two experiments were run. One experi-
ment investigaled the elfect of LSD on the detection of tones of different fre-
quencies, the other investigated L3D’s effect on a temporal discrimination.

No dosc or dosage regimen of L8D signifieantly aliered the rat's ability to
make the temporal or the frequency discrimination. LED did, however, alter the
rat’s preference for responding on one of the two levers. The drug-induced alterations
in lever preference were similar to the changes in lever prefercnoc which were
produced by manipulating the reinforcement probabilities on the two levers. These
changes were significant following doses of LED greater than 0.04 mgfkp, and
three doges of L8D given in a regimen designed to produce behavioral tolerance.

Key words: LSD -- Discrimination — Temporal Digerimination -~ Signal
Detection — Aunditory Diserimination — Rats.

Introduction

While their very name suggests that hallucinogenic drugs, such as
lysergic acid diethylamide (L8D), produce profound effects on perceptual
experience and there are many roports that LSD alters perceptual
behavior in both man (Hollister and Hartman, 1962) and lower animals
(Appel, 1968), the nature of these effects is far from clear. Extensive
investigations which have analyzed the effects of LSD on just one aspoct
of perception—that of the performance of well-cstablished, sensory
discriminations—have produced inconclusive results. For example, it
has been reported that L8D may either increase (Becker, 1967; Blough,
1956, 1957a), decrease (Kuster, 19589; Key, 1961; Sharpe ¢ al., 1967;
Siegel, 1969), or have no effect (Berryman, 1962) on the accuracy of
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relatively simple conditional discrimination problems such as matching
to sample in animals.

There are several reasons for these and other conflicting results. First,
different species, drug doses, and types of stimuli have been used in
different experiments. Moreover, different stimulus dimensions (Blough,
1957h), response measures (Key, 1961), and levels of task difficulty
(Polidora, 1963; Sharpe et al., 1967; Uyeno, 1968) have also been found
to influence drug effects. Available evidence also indicates that drugs
affect perception in ways that depend on precisely kow behavior is being
controlled by a particular stimulus as well as by the physical character-
istics of that stimulus (Dews, 1970; Terrace, 1963; Appel et al., 1967;
Appel, 1968; Key, 1961). That is, perceptual behavior, like any behavior,
is controlled by parameters other than the physical characteristics of
the stimuli being discriminated. One of those parameters is the conse-
quences attached to the responses being made in a discrimination
situation.

One way to study the effect of both the physical characteristics of
the stimuli being discriminated and the consequences attached to making
the diserimination is by adapting the methods of signal detection (Green
and Swets, 1966) to the analysis of drug behavior interactions.

In this model any discrimination is said to involve both a problem
of detecting a stimulus (sensitivity) and a problem of making a decision
about how to respond to that stimulus (bias). This decision may vary
according to factors that have nothing to do with the physical properties
of the stimuli being discriminated-—such as the consequences of the
decision. Since a discrimination involves both sensitivity and bias factors,
a drug can effect discriminatory behavoir in more than one way. For
example, LSD may act as if it alters sensitivity (ability to detect a
particular stimulus) or as if it alters bias (decision to respond in one
way or another). In these experiments bias was manipulated by varying
the reinforcement probability during discrimination performance, and
sensitivity was manipulated by varying the difficulty of the discrimi-
nation.

Two experiments were run using a procedure in which two dimensions
of auditory stimulation (frequency and duration) and three reinforcement
probabilities (or different consequences) were studied. Both stimulus
dimensions have been reported to be susceptible to modification by LSD
(Hollister, 1968 ; Bradley and Elkes, 1959; Key, 1961 ; Altman and Appel,
1971; Appel, 1971). Behavior was measured over a large range of drug
doses. In order to reduce the periods of no responding usually reported
following intra-peritoneal (i. p.) administration of I.SD, a procedure of
drug administration which produces acute behavioral tolerance (Freed-
man ef al., 1964) also was used.
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Methods

Subjects. The subjects were 12 male albino rats of Sprague-Dawley strain. At
the beginning of each experiment they were approximately 120 days old and weighed
300 g. Their food intake was restricted to 10—12 g of Purina Laboratory Chow
each day so that their weights remained at a relatively constant level. All animals
were housed in a room kept on a 12-h, daynight cycle with constant temperature
(78° F) and humidity (40—509/,). Water was always available in individual home
cages.

gAppamtus. The apparatus consisted of Lehigh Valley chambers (Model 1316)
and shells (LVE Model 1316C) equipped with two levers, located to the right and
left of a liquid dipper which delivered 0.01 ml of sweetened milk. A dim overhead
white house light, ““white” noise and two green “feedback” lights directly above
the levers were also provided. The box was modified in Experiment II to include
a 6 inch chain which hung from the ceiling of the box and operated a microswitch.

Phrarmacological Procedure. Lysergic acid diethylamide (LSD)! in a saline
solution was administered intraperitoneally (i.p.) to each animal immediately
before testing in doses of 0.04, 0.08, and 0.16 mg/kg, or according to a regimen of
drug administration which was designed to produce acute tolerance. The order
of drug injection was random. In the tolerance regimen, animals received three
hourly does of 0.08 mg/kg of LSD, the third dose being given immediately before
testing. A similar regimen of 3 doses of 0.13 mg/kg has been shown to produce
tolerance to LSD-induced decreases in rate of responding, but not to other measures
of drug effect (Freedman, et al., 1964). Saline control injections of varying volume
were given daily. Drug volumes varied from 0.12-—0.50 cm3,

Experiment I
Detection of Auditory Stimuli ( Frequency Dimension)

Subject and Apparatus. Six rats were used. The tones used were between
2000 and 5000 Hz, the range in which the rat intensity threshold is relatively
flat (Gourevitch and Hack, 1966). They were delivered through a 4’ Realistic
speaker and two Hewlett-Packard Type 250 AB oscillators. The intensity of the
various frequencies was measured inside the testing chamber with a H. H. Scott
Type 450 Sound Level Meter and attempts were made to make the intensity level
as equal as possible for each frequency (about 40 db re 0.002 dynes/cm were deliv-
ered by the oscillator and the Sound Lever Meter read between 70—80 db in the
testing chamber).

Procedure. The rats were trained to respond differentially on a twolever auditory
frequency discrimination task. Following an inter-trial interval during which bar-
pressing on either of the two levers reset a timer which was set at 4 sec, one of
the two stimuli was presented. The stimuli were tones of different frequencies.
The tones remained on until the animal made one response on either lever. A response
on the right lever in the presence of a “high’’ tone and a response on the left lever
in the presence of a “low” tone were arbitrarily chosen as ‘“‘correct” for three of
the animals. For the other three, a left response was correct in the presence of a
high tone and a right response in the presence of a low tone. The opposite responses
were incorrect. Each incorrect response was followed by a 4-sec time-out, during
which the box was dark. Correct responses were followed by the brief illumination

1 LSD was in the form of 0.1 mg/kg ampules manufactured by Sandoz Pharma-
ceuticals and obtained from the Center for the Study of Narcotic and Drug Abuse,
National Institute of Mental Health.
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Table 1. Testing conditions of Experiment 1

Discrimination Reinforcement condition Drug regimen (mg/kg LSD)
2000—5000 FR 10, 10 0.04, 0.08, 0.16, tolerance
2, 10 0.04, 0.08, 0.16, tolerance
10, 2 0.04, 0.08, 0.16, tolerance
3300—3800 FR 10, 10 0.04, 0.08, 0.16, tolerance
2,10 0.04, 0.08, 0.16, tolerance
10, 2 0.04, 0.08, 0.16, tolerance
3000—4000 FR 10, 10 drug not given
2, 10 drug not given
10,2 drug not given

of the lights above each lever (conditioned reinforcement). Milk reinforcement
(accompanied by illumination of the lights above each lever) followed every tenth
correct choice response, independently tabulated for each lever (FR 10, 10). After
conditioned reinforcement, a new trial was initiated with the onset of the 4’/ inter
trial interval. The FR notation is used to designate the number of correct choice
trials required for milk reinforcement. A noncorrection procedure was used. Whether
the animal made a correct or incorrect response, the programmed series of high
and low tones advanced to the next tone in the sequence. The sequence was random
with each tone being presented approximately 509/, of the time.

Three of the six animals were trained first on a 3300—3800 Hz discrimination,
then on a 2000—5000 Hz discrimination and finally on a 3000—4000 Hz dis-
crimination. This order was changed for the other three animals (1) 2000—5000,
(2) 3000—4000, (3) 3300—3800 Hz. After stable base lines (criteria to be dis-
cussed below) were obtained for the FR 10, 10 schedule described above and drug
was given, the reinforcement schedule was changed such that reinforcement oc-
curred every tenth correct trial on one lever and every second correct trial on the
other lever (FR 10, 2). Again, drug was given at this point. Later these values
were reversed so that the FR 10 lever became the FR 2 lever and the FR 2 lever
the FR 10 lever. A base line was obtained for each of these three reinforcement
conditions at each of the three discriminations (2000—5000, 3300—3800, and
3000—4000 Hz) and drug was given under all conditions of the 2000—5000 dis-
crimination and the 3300—3800 discrimination. No drug data was obtained for
the 3000—4000 discrimination. 300 discrete trials were given each day and the
number of correct and incorrect responses on each lever were recorded. Reaction
times were also recorded. Table 1 summarizes the various testing conditions and
drug regimens.

Hzperiment 11

Detection of Auditory Stimuli (Temporal Dimension)

Subjects and Apparatus. Six rats were used. The apparatus has already been
described (see General Methods, Experiment I).

Procedure. The rats were trained to emit a chain-pulling response which pro-
duced the temporal stimuli. They were then trained to respond differentially on
a two-lever, temporal discrimination task in which the stimuli to be discriminated
consisted of a 2.9 KHz tone with a duration of either 2.25 sec (long) or 1.25 sec



Effects of LSD on Auditory Perception 293

Table 2. Testing conditions for Experiment I1

Discrimination Reinforcement condition Drug regimen
(mg/kg LSD)
1.25/2.25-sec FR 8,8 0.04, 0.08, 0.16, tolerance
FR 2, 8 0.04, 0.08, 0.16, tolerance
FR S, 2 0.04, 0.08, 0.16, tolerance

(short). The trial lasted until the animal made one response on either lever. For
three of the animals a response on the right lever in the presence of the 2.25 sec
tone and a response on the left lever in the presence of the 1.25 sec tone were
correct. For the other three the opposite responses were correct. Incorrect responses
were followed by a 4-sec time-out, during which the box was dark. Correct responses
were followed by the brief illumination of the lights above each lever (conditioned
reinforcement). Milk reinforcement (accompanied by illumination of the lights
above each lever) followed every eighth correct choice response, independently
tabulated for each lever (FR 8, 8). After conditioned reinforcement, a new trial
was initiated with a chain-pulling response. The ¥R notation is used to designate
the number of correct choice trials required for milk reinforcement. A noncorrection
procedure was used. Whether the animal made a correct or incorrect response,
the programmed series of long and short tones advanced to the next tone in the
sequence. The sequence was random with each tone being presented approximately
509/, of the time.

After stable base lines were obtained, LLSD was administered to each animal.
The drug data were collected with the symmetrical reinforcement schedule (FR 8, 8).
The schedule was then changed such that reinforcement occurred every eighth
correct trial on one lever and every second correct trial on the other lever. Later,
these values were reversed such that the lever with reinforcement every eighth
trial became the lever with reinforcement every second trial and vice-versa. After
base line data were obtained for each of these three sets of consequences (reinforce-
ment frequencies), LSD was administered. Table 2 summarizes the various testing
conditions.

Data Analysis

The results were examined in terms of receiver operator characteristic
curves generated by the signal detection model (Green and Swets, 1966).
An ROC curve is obtained in the following way: under a fixed stimulus
condition, e. g., tones of 2000 and 5000 Hz, various sets of consequences,
i. e., frequencies of reinforcement (e. g., FR 10, 2; FR 10, 10; FR 2, 10),
are attached to the animals’ responses. The probability of a left (or
correct) response when one signal is present, p(Hit), and the probability
of a left (or incorrect) response when the other signal is present, p(False
Alarm), are determined for each of these sets of consequences. By sam-
pling from a variety of testing conditions (i. e., reinforcement probapbilities)
and recording p(Hit) as a function of p(FA), a set of points emerges
which when joined defines a response-conditional operating characteristic

20*



294 L. A. Dykstra and J. B. Appel

(ROC) curve. Each point plotted represents the subject’s performance
in a given condition of the experiment, and each curve represents a
different stimulus condition.

The ROC curve can then be used to obtain a measure of sensitivity
and bias (lever preference). The area contained under a particular ROC
curve is usually used in conventional signal detection analysis as a
measure of sensitivity. For example, a curve in the upper left portion
of the graph (Fig.1) would contain an area close to 100°/, and is said
to represent high sensitivity while the area contained under the major
diagonal would be about 509/, representing chance level discrimination.
It is also possible, however, to obtain an estimate of the area under a
curve without making any assumptions about the shape of the theoretical
curve. An index of sensitivity and bias can be determined for each
individual point (or condition) according to a unit square analysis. This
analysis has been used to measure both sensitivity (Pollack and Norman,
1964) and bias (Hodos, 1970) and formulas for determining these measures
have been worked out (Grier, 1971). This type of analysis was used here
so that measures of sensitivity and bias could be obtained for per-
formance in each condition of the experiment without making any
assumptions about the curve connecting these points.

In order to determine the sensitivity [called p(I)] at a given point,
an estimate is made of the area contained under the possible curves
that could pass through a given point. Points which have been generated
under the same stimulus conditions should theoretically yield the same
sensitivity value.

Bias is calculated in a similar manner. B’'H, the bias measure, is an
index of the distance along the ROC curve of a given data point from
the negative diagonal (at which B'H = 0). A point far to the right of
the curve would have a bias close to B'H = — 1.00, and a point far to
the left would measure a maximum bias of B'H = -+ 1.00. When the
reinforcement frequencies are symmetrical (FR 10, 10), the points ob-
tained should be near the negative diagonal ; with asymmetrical reinforce-
ment conditions (FR 2, 10 and FR 10, 2), the points should approach
the extremes of the curve.

Base lines for drug administration were based on stable values of
both p(I) and B’H. Drug was not given unless p(I), the index of sensi-
tivity, did not vary by more than 109/, on the 3300—3 800 discrimination
of Experiment I [where p(I) measured about 0.65] and 5°, on the
2000—5000 discrimination of Experiment I [where p (I) measured about
0.90] on three successive days. A 5-%, variation was also used as the
criterion for Experiment IT. Variation in B'H, or bias, was allowed to
reach as much as 4 0.20 from day to day (bias being measured in the
range of — 1.00 to + 1.00) in both Experiments I and II.
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The drug effect was measured by calculating changes in sensitivity,
p (1), and bias, B'H. Since bias was allowed to vary more than sensitivity
during control sessions, the following procedure was used to examine
drug-induced changes in these measures. Data were obtained for each
animal for three consecutive control days prior to each drug day. The
difference in bias (B'H) and sensitivity [p (I)] between control day 1 and
control day 2 (the measure of normal variability, called zero dose) was
compared with the difference between control day 3 and drug day (the
measure of drug induced variability). This method was used in order
to determine whether the differences seen after drug administration were
greater than changes which would be attributable to normal day to day
variations.

Results
Experiment 1

Fig. 1 shows three sets of ROC curves. Curves were obtained by plotting
the probability of a left response (or correct response) when one tone was
present [p(Hit)] and the probability of a left response (or incorrect
response) when the other tone was present [p(False Alarm)]. These points
were obtained at each of the three reinforcement conditions and for each
discrimination. One curve was fitted (by inspection) to each set of three
points obtained for each discrimination. It can be seen from this figure
that the 2000—5000 diserimination produced a curve which runs close
to the top coordinates of the graph-—hit rate is high and false alarm
low. As the tones were brought closer together, the curves approach
the major diagonal where the hit and false alarm rates are equal. It can
be seen here that different curves can be produced by altering the distance
between the stimuli being discriminated. It can also be seen that the
points obtained from each of the reinforcement conditions lie at similar
positions along each curve. For the FR 10, 2 condition, the points lie
along the far left side of the curve, with equal reinforcement probability
(FR 10, 10), the points lie near the negative diagonal and with the
FR 2, 10 condition, the points lie to the far right.

Tables 3 and 4 present the mean sensitivity and bias data obtained
in Experiment I under control and drug conditions. Sensitivity, measured
by p(I), was found to be a function of difficulty of discrimination. At
the 2000—5000 Hz discrimination, the p(I) mean value was 0.88; at
the 3000—4000 discrimination, it was 0.79 and at the 3300—3800
discrimination, it was 0.67. p(I) did not vary as the reinforcement
probability was manipulated; bias, however, did reflect the probability
of reinforcement. It also varied at the different discriminations. At the
symmetrical reinforcement condition, bias was relatively close to zero;
while at the assymmetrical conditions, animals were making more correct
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Fig.1. Three receiver operator characteristic (ROC) curves for the performance
of one rat on all three frequency discriminations of Experiment I. Points were
obtained by plotting the probability of making a hit (i. e., responding on the left
lever in the presence of a “high” tone) as a function of the probability of making
a false alarm (i. e., responding on the left lever in the presence of a “low’ tone).
Points were obtained at each discrimination for three reinforcement conditions.
In one reinforcement condition, every tenth correct response on the left lever
and every second correct response on the right lever was reinforced with milk. In
the second condition every tenth correct response on the left lever and every
tenth correct response on the right lever was reinforced with milk., The third
condition was the opposite of the first condition. Every second correct response
on the left lever and every tenth correct response on the right lever was reinforced
with milk. Conditioned reinforcement followed all correct response. The curves
were fitted to these points by inspection

Table 3. Mean sensitivity [p(I)] values and standard deviations under drug and
control conditions of Experiment I

Stimulus values Drug dose All reinforcement conditions
(mg/kg L8D) pean o (D) S.D.
0 0.67 0.05
0.04 0.67 0.06
3300—3800 Hz 0.08 0.66 0.05
0.16 0.66 0.05
0.08x3 0.67 0.07
3000—4000 Hz 0 0.79 0.04
Drug not given
0 0.88 0.03
0.04 0.88 0.03
2000—5000 Hz 0.08 0.85 0.07
0.16 0.85 0.06

0.08x 3 0.86 0.05
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responses on the lever with the higher probability of reinforcement. When
reinforcement probability was higher on the right lever, in the 2000 to
5000 Hz discrimination bias values were near + 0.80; when left responses
were reinforced with a higher probability, bias values shifted to — 0.80.
At the 3300—3800 Hz discrimination, the bias values shifted between
+0.45 and — 0.59 at the assymetical conditions.

Sensitivity [p(I)] and bias (B'H) were used to measure stability of
discrimination behavior before drug administration. For the 3 days
prior to drug administration, sensitivity [p(I)] was not allowed to vary
more than 5%, on the 2000—5000 discrimination and 109, on the
3300—3800 discrimination. Bias (B'H) was not allowed to exceed a
change of 4 0.20. The drug effect was measured as a change in these
measures. The difference between control day 1 and control day 2 was
compared to the difference between control day 3 and the drug day for
both the sensitivity and bias measures.

Four, two-way repeated measures analyses of variance were con-
ducted —one analysis was done for each discrimination at which drug
was given and for each measure (sensitivity and bias). The variables
were reinforcement condition (FR 10, 10; FR 2, 10; FR 10, 2) and dose
of LSD (0, 0.04, 0.08, 0.16 mg/kg and the tolerance regimen). The analysis
showed no effect of differential reinforcement condition on either the
sensitivity or the bias measure. There was, however, a significant effect
of the dose of the drug on B'H on both discriminations [F = 14.2,
df = 4,89, P < 0.001 (2000—5000); F =9.9, df =4,89, P < 0.001
(3300—3800)].

Fig.2 shows the effect of three doses of LSD and the tolerance regimen
on bias at the two discriminations at which drug was given (data being
pooled from the three reinforcement conditions since analysis of variance
showed no effect of reinforcement condition). At both discriminations,
0.08 and 0.16 mg/kg of LSD and the tolerance regimen produced sig-
nificant changes in bias from zero dose. Analysis by i-tests was done
to test for differences between zero dose and each of the four doses of
LSD. Doses greater than 0.04 mg/kg of LSD and the tolerance procedure
were significantly different from controls.

Since the main effect of a dose of LSD on sensitivity in the 2000
to 5000 discrimination suggested the possibility of a small effect, (F=1.3,
df = 4,89, P < 0.2) data from all the reinforcement conditions were
pooled and i-tests were run between the zero dose (control) and each
of the four doses of LSD. Only the differences obtained from 0.08 mg/kg
of LSD and the tolerance regimen approached significance (P < 0.10).
No dose or dosage regimen tested had this effect at the 3300—3800
discrimination.



Effects of LSD on Auditory Perception 299

4ar
3L 2000-5000 HZ °
Pm———— [
/
//
2[- ;
/
/
/
/
//
‘| .
/
o
- °/
x
2
n o-
< [/ 1 1 1 1
= o 7 .04 .08 16 (08 X 3)
z
w b
)
z
<
=
[¢)
3l 3300-3800 HZ
o
2| _o
.0””
Ve
7
7
e
1 Ve
o
o
o..
[/ { 1 ] 1
o 7 o0a .08 16 (08 X 3)

DOSE OF LSD(mg/kg}

Fig.2. Effect of three doses of LSD and a tolerance regimen on mean response

bias from the six animals of Experiment I. Abscissa: dose. Ordinate: change in

bias (B’H) between a control day and the following drug day. Zero dose represents

the mean change in bias between two control days. Each point represents the mean
of 3 observations in each of six rats

Fig.3 shows the effect of 0.04, 0.08 and 0.16 mg/kg of LSD and the
tolerance regimen on reaction time—i. e., the time from the onset of
the tone until the animal responded. Sensitivity, p(1), did not vary as
the reinforcement probability was manipulated, but bias, B'H, reflected
the probability of reinforcement. This gwas true of all animals tested
(not shown).

Tables 5 and 6 present the mean sensitivity and bias data in Experi-
ment IT under control and drug conditions. p(I) did not vary as the
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Fig.8. Effect of three doses of LSD and a tolerance regimen on reaction time in

the six animals of Experiment I. Abscissa: dose. Ordinate: reaction time from

the tone onset until the animal responded on 1 of the 2 levers, Zero dose presents

the mean reaction time for control days. Each point represents the mean of 6 ob-
gervations in each of 6 rats

reinforcement probability was manipulated; bias, however, did reflect
the probability of reinforcement. At the symmetrical condition, bias was
relatively close to zero; while at the asymmetrical condition, it varied
between 4 0.70 and — 0.67.

As in Experiment I, p(I) and B'H were used to measure stability
of discrimination behavior before drug administration. For the 3 days
prior to drug administration, p(I) was not allowed to vary more than
59/, and B'H was not allowed to exceed a change of +0.20. The drug
effect was measured as a change in these measures. The difference
between control day 1 and control day 2 was compared to the difference
between control day 3 and the drug day for both the sensitivity and
bias measures.

A two-way repeated measures analysis of variance was run on the
sensitivity and bias data. The variables were reinforcement condition
(FR 8,8; FR 2, 8; FR 8, 2) and dose of LSD (0, 0.4, 0.08, 0.16 mg/kg
and the tolerance regimen). As in Experiment I, the zero dose was
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Fig.4. One receiver operator characteristic (ROC) curve for the performance
of one rat on the temporal discrimination of Experiment I. Points were obtained
by plotting the probability of making a hit (i. e., responding on the left lever in
the presence of a long tone) as a function of the probability of making a false alarm
(i. e., responding on the left lever in the presence of a short tone). Points were
obtained at each of the three reinforcement conditions. In one reinforcement
condition every eighth correct response on the left lever and every second correct
response on the right lever was reinforced with milk. In the second condition every
eighth correct response on the left lever and every eighth correct response on the
right lever was reinforced with milk. The third condition was the opposite of the
first condition. Every second correct response on the left lever and every eighth
correct response on the right lever was reinforced with milk. Conditioned reinforce-
ment followed all correct responses. The curve was fitted to these points
by inspection

Table 5. Mean sensitivity [p(I)] values and standard deviations under drug and
control conditions of Experiment IT

Stimulus Drug dose All reinforcement conditions
values (mng/kg LSD)
Mean p(I) S.D.
0 0.77 0.09
0.04 0.78 0.09
1.25 to 0.08 0.76 0.09
2.25 sec 0.16 0.73 0.10
0.08x3 0.75 0.09

obtained by taking a mean of the four control-control differences ob-
tained prior to each dose of the drug at each testing point. The analysis
revealed no effect of reinforcement condition on the differences between
control and drug variations for either sensitivity or bias. The drug had
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Fig.5. Effect of three doses of LSD and a tolerance regimen on response bias in

the six animals of Experiment IT. Abscissa: dose. Ordinate: change in bias between

a control day and the following drug day. Zero dose represents the mean change

in bias between two control days. Each point represents the mean of three obser-
vations in each of 6 rats

significant effect on bias (F = 14.1, df = 4,89, P < 0.001) but not on
sensitivity.

Since there was no main effect of reinforcement condition on bias,
the data were pooled for all three reinforcement conditions, and #-tests
were run to test for differences between zero dose (control) and each
of the four doses of LSD. 0.04 mg/kg was not significantly different from
zero dose, but 0.08 mg/kg, 0.16 mg/kg and the tolerance regimen all
produced significant changes from control. Fig.5 shows the effect of
three doses of LSD and the tolerance regimen on bias.

The sensitivity scores were similarly pooled across reinforcement
conditions and i-test were run to test differences between zero dose
(control) and each of the four doses of LSD. Following 0.08 and 0.16 mg/kg
of LSD changes approached but did not reach significance (P < 0.10).

Fig.6 shows the effect of 0.04, 0.08, 0.16 mg/kg of LSD and the
tolerance regimen on reaction time. Significant increases in reaction
time following 0.08 and 0.16 mg/kg of LSD were revealed by f-tests.
There were no consistent changes in premature responding.

Thus, as in Experiment I, significant changes in bias were seen under
all testing conditions following all doses of LSD (0.08, 0.16 mg/kg and
the tolerance regimen) except 0.04 mg/kg. Changes in sensitivity were
not significant. Reaction time increased following the two larger doses
of LSD (0.08 and 0.16 mg/kg), but not following the tolerance regimen.
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Fig.6. Effect of three doses of LSD and a tolerance regimen on reaction time in
the six animals of Experiment IT. Abscissa: dose. Ordinate: reaction time from
the beginning of each trial until 1. the animal pulled the chain to initiate the
tone, 2. the tone remained on for its scheduled duration and 3. the animal responded
on one of the two levers. Zero dose represents the mean reaction time for control
days. Bach point represents the mean of three observations in each of 6 rats

Discussion

In the experiments above, it was shown that LSD did not produce
changes in sensitivity as measured by the rat’s ability to make either
a frequency or a temporal discrimination. Changes in sensitivity were
obtained, however, by altering the distance between the stimuli presented
for discrimination. Although no changes in sensitivity were seen following
LSD administration, this is not to say that the rat may not be undergoing
perceptual effects following LSD: Effects may be occuring to which these
measures are not sensitive. Furthermore, the drug produces long periods
of no responding—sometimes as long as 1h. It is possible that drug
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effects were occurring during these periods which were not being mea-
sured. It should be noted, however, that when a regimen of drug ad-
ministration which produced tolerance to these periods of pausing or no
responding was used, the results were identical to those obtained with
a dose of LSD which produced pausing.

LSD did, however, produce consistent changes in bias under a variety
of conditions of both Experiments. It was shown that a dose of 0.08,
0.16 and three doses of 0.08 mg/kg of LSD produced significant move-
ment along the ROC curve generated by the signal detection model.
Movement along the curve or change in bias was also found to occur
when the reinforcement conditions were changed. Symmetrical conditions
(equal reinforcement probability on both levers) produced bias close to
zero, while the assymetrical conditions produced a preference for re-
sponding on the lever with the higher probability of reinforcerent, which
was reflected in high bias scores. Since the changes in bias produced by
the drug were such that the animal exhibited less bias under drug than
under control conditions, it might be said the drug acted as if it had
altered the effect of reinforcement.

It is also important to note that B'H, when measured under control
conditions, was much more variable than p(I), the measure of sensitivity.
p(I) seldom varied by more than one or two percentage points; however,
if B’H varied by as much as 0.20, the base line was still considered stable.
Although there is no valid metric to express the strength of control, it
might be said that bias was under less “control” than sensitivity. There-
fore, it might be argued that the relative invariance of p(I) explains
its resistance to drug-induced changes whereas B'H, because of its vari-
ability, was more easily affected by the drug. Although a significant
trend was seen in the bias changes in that animals usually moved from
a position of more to less bias under the drug, the drug also often produced
large increases in the variability of the bias measure. This seems to
indicate that LSD both attenuates the biasing effects of reinforcement
as well as increasing the variability.

Finally, in each of the experiments above, consistent dose-dependent
effects were found on the rate of responding following LSD. With a very
low dose (0.04 mg/kg) decreases were seldom seen, but with both 0.08
and 0.16 mg/kg, LSD produced marked rate decreases. These rate
decreases were usually seen as long periods (10—30 min) of pausing or
no responding and are consistent with all reports that LSD in a comparable
dose range produces decreases in response rate (Appel, 1968).

It should also be noted that while three doses of 0.08 mg/kg of LSD
produced tolerance to drug-induced increases in reaction time, such as
those seen following one dose of 0.08 or 0.16 mg/kg of LSD, no such
tolerance occurred to the drug’s effect on bias. Changes in bias following
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the tolerance regimen of drug administration were similar to those
changes seen following one large dose of LSD. Therefore, the occurrence
of tolerance seems to depend on the particular measure being used to
agsess a drug’s behavioral effect.

In conclusion, it was found that LSD did not significantly alter
sengitivity in the rat as measured by a signal detection procedure. Bias
was significantly different following LSD. Thus, LSD seems to alter the
way in which environmental contingencies control perceptual behavior
and has no effect on sensitivity at least in the situations described.
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