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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, 
1957b), 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 how 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 discrimination 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. ~'or 
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 
(ttollister, 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 LSD, a procedure of 
drug administration which produces acute behavioral tolerance (Freed- 
man et 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 Pur ina  Laboratory  Chow 
each day so t h a t  their  weights remained a t  a relatively constant  level. All animals 
were housed in a room kept  on a 12-h, daynight  cycle with  constant  tempera ture  
(78 ~ F) and humidi ty  (40--50 ~ ). Water  was always available in individual home 
cages. 

Apparatus. The appara tus  consisted of Lehigh Valley chambers (Model 1316) 
and shells (LVE Model 1316C) equipped with two levers, located to the  r ight  and  
left of a liquid dipper which delivered 0.01 ml of sweetened milk. A dim overhead 
white house light, "whi te"  noise and two green "feedback" lights directly above 
the levers were also provided. The box was modified in Exper iment  I I  to include 
a 6 inch chain which hung from the  ceiling of the  box and  operated a microswiteh. 

Pharmacological Procedure. Lysergie acid diethylamidc (LSD) 1 in a saline 
solution was administered intraperi toneally (tip.) to each animal immediately 
before test ing in doses of 0.04, 0.08, and 0.16 mg/kg, or according to a regimen of 
drug adminis t ra t ion 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  th i rd  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 ra te  of responding, bu t  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 cm 3. 

Experiment I 

Detection o/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  ra t  intensi ty threshold is relatively 
flat (Gourevitch and  Hack, 1966). They were delivered through a 4 "  Realistic 
speaker and  two Hewlet t -Packard Type 250 AB oscillators. The intensi ty of the  
various frequencies was measured inside the  test ing chamber with a H. H. Scott  
Type 450 Sound Level Meter and  a t tempts  were made to make the intensi ty level 
as equal as possible for each frequency (about 40 db re 0.002 dynes/era were deliv- 
ered by  the oscillator and  the Sound Lever Meter read between 70--80 db in the  
test ing chamber). 

Procedure. The ra ts  were t ra ined 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 t imer which was set a t  4 see, one of 
the  two stimuli was presented. The stimuli were tones of different frequencies. 
The tones remained on unt i l  the  animal made one response on either lever. A response 
on the  r ight  lever in the  presence of a "h igh"  tone and  a response on the left lever 
in the presence of a " low" tone were arbi t rar i ly  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 r ight  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  i l lumination 

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  Ins t i tu te  of Mental  Health.  

20 Psychopharmacologia (Berl.), Vol. 34 
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Table 1. Testing conditions of Experiment 1 

Discrimination Reinforcement condition Drug regimen (mg/kg LSD) 

2000--5000 F R  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 F R  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 F R  10, 10 drug not given 
2, 10 drug not given 

10, 2 drug not  given 

of the lights above eaeh lever (conditioned reinforcement). Milk reinforeement 
(aeeompanied by illumination of the lights above each lever) followed every tenth 
correct choice response, independently tabulated for each lever (FR I0, 10). After 
conditioned reinforcement, a new trial was initiated with the onset of the 4"  inter 
trial interval. The ~ R  notation is used to designate the number of correct choice 
trials required for milk reinforcement. A noncorreetion procedure was used. Whether 
the animal made a eorreet or incorrect response, the programmed series of high 
and low tones advanced to the next  tone in the sequenee. The sequence was random 
with eaeh tone being presented approximately 50 ~ of the time. 

Three of the six animals were trained first on a 3300--3800 Hz discrimination, 
then on a 2000- -5000Hz diserinaination and finally on a 3000--400011z dis- 
crimination. This order was changed for the other three animals (i) 2000--5000, 
(2) 3000--4000, (3) 3300--3800 1-1z. After stable base lines (criteria to be dis- 
cussed below) were obtained Ibr the F R  I0, I0 schedule described above and drug 
was given, the reinforcement schedule was ehanged such that  reinforeement oc- 
eurred every tenth eorreet trial on one lever and every second correct trial on the 
other lever (FR i0, 2). Again, drug was given at t h i s  point. Later these values 
were reversed so that  the F R  10 lever became the F R  2 lever and the F R  2 lever 
the I~R 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. I~o 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. 

Experiment I I  
Detection o/Auditory Stimuli (Temporal Dimension) 

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

Provedure. 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 see (long) or 1.25 sec 
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Table 2. Testing conditions for Experiment I I  
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Discrimination Reinforcement condition Drug regimen 
(mg/kg LSD) 

1.25/2.25-sec F ~  8, 8 

FR 2, 8 

FR 8, 2 

0.04, 0.08, 0.16, tolerance 

0.04, 0.08, 0.16, tolerance 

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 see 
tone and a response on the left lever in the presence of the 1.25 see tone were 
correct. For the other three the opposite responses were correct. Incorrect responses 
were followed by a 4-see 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 FR notation is used to designate 
the number of correct choice trials required for milk reinforcement. A noncorreetion 
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 
50 ~ of the time. 

After stable base lines were obtained, LSD 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 detect ion model (Green and  Swets, 1966). 
A n  ROC curve is obta ined  in  the following way:  under  a fixed s t imulus  
condit ion,  e. g., tones of 2000 and  5000 Hz, various sets of consequences, 
i. e., frequencies of reinforcement  (e. g., F R  10, 2; F R  10, 10; F R  2, 10), 
are a t tached to the  animals '  responses. The probabi l i ty  of a left (or 
correct) response when one signal is present,  p(Hit) ,  a nd  the probabi l i ty  
of a left (or incorrect) response when the other signal is present,  p(False 
Alarm), are de termined for each of these sets of consequences. By  sam- 
pling from a var ie ty  of test ing condit ions (i. e., re inforcement  probabili t ies) 
and  recording p(Hit)  as a func t ion  of p(FA), a set of points  emerges 
which when joined defines a response-condit ional  operat ing characteristic 

20* 
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(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. l) 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  50 ~ , representing chance level discrimination. 
I t  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 tha t  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)] a t  a given point, 
an  estimate is made of the area contained under the possible curves 
tha t  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 max imum bias of B ' H  : -k 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 F R  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- 
t ivity,  did not vary  by  more than  10 ~ on the 3 300-- 3 800 discrimination 
of Experiment  I [where p( I )  measured about  0.65] and 50/0 on the 
2 000--5 000 discrimination of Experiment  I [where p (I) measured about  
0.90] on three successive days. A 5-o/0 variation was also used as the 
criterion for Experiment  I I .  Variation in B 'H,  or bias, was allowed to 
reach as much as -k 0.20 from day to day (bias being measured in the 
range of - -  1.00 to -k 1.00) in both Experiments  I and I I .  
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The drug effect was measured by calculating changes in sensitivity, 
p (I), and bias, B' tI .  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'It) 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 I 
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 
discr~miuation. One curve was fitted (by inspection) to each set of three 
points obtained for each discrimination. I t  can be seen from this figure 
that  the 2000--5000 discrimination produced a curve which runs close 
to the top coordinates of the graph--hi t  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. I t  can 
be seen here tha t  different curves can be produced by altering the distance 
between the stimuli being discriminated. I t  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. I t  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. i .  Three receiver operator  characteristic (ROC) curves for the  performance 
of one r a t  on all three  frequency discriminations of Exper iment  I. Points were 
obtained by  plot t ing the  probabi l i ty  of making a h i t  (i. e., responding on the  left 
lever in the  presence of a "h igh"  tone) as a function of the  probabil i ty  of making 
a false a larm (i. e., responding on the  left lever in the  presence of a " low" tone). 
Points  were obtained a t  each discrimination for three reinforcement conditions. 
I n  one reinforcement condition, every t en th  correct response on the  left lever 
and  every second correct response on the  r ight  lever was reinforced with milk. In  
the  second condition every t en th  correct response on the  left lever and every 
t en th  correct response on the  r ight  lever was reinforced wi th  milk. The th i rd  
condition was the  opposite of the  first condition. Every  second correct response 
on the  left lever and  every t en th  correct response on the  r ight  lever was reinforced 
wi th  milk. Conditioned reinforcement followed all correct response. The curves 

were fitted to these points by  inspection 

Table 3. Mean sensit ivity [p(I)] values and  s tandard  deviations under  drug and  
control conditions of Exper iment  I 

Stimulus values Drug dose All reinforcement conditions 

(mg/kg LSD) Mean p (I) S .D.  

3 300 --  3800 t Iz  

0 0.67 0.05 
0.04 0.67 0.06 
0.08 0.66 0.05 
0.16 0.66 0.05 
0.08 • 3 0.67 0.07 

3000- -4000  t t z  0 0.79 0.04 
Drug not  given 

2 000--  5000 Hz 

0 0.88 0.03 
0.04 0.88 0.03 
0.08 0.85 0.07 
0.16 0.85 0.06 
0.08 • 3 0.86 0.05 
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responses on the lever with the higher probabili ty of reinforcement. When 
reinforcement probabil i ty was higher on the right lever, in the 2000 to 
5000 I tz  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 a t  the assymetical conditions. 

Sensitivity [13 (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 10~ on the 
3300--3800 discrimination. Bias (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. 

Four, two-way repeated measures analyses of variance were con- 
d u c t e d - o n e  analysis was done for each discrimination a t  which drug 
was given and for each measure (sensitivity and bias). The variables 
were reinforcement condition (FR 10, 10; F R  2, 10; F R  10, 2) and dose 
of LSD (0, 0.04, 0.08, 0.i6 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, 
d] = 4,89, P < 0.001 (2000--5000); F = 9.9, d] = 4,89, P < 0.001 
(3300--3800)]. 

Fig. 2 shows the effect of three doses of LSD and the tolerance regimen 
on bias a t  the two discriminations a t  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 t-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, 
d] = 4,89, P < 0.2) data from all the reinforcement conditions were 
pooled and t-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. 
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Fig.2. Effect of t]~ee 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'I-I) 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 (I), did not vary as 
the reinforcement probability was manipulated, but  bias, B'H, reflected 
the probability of reinforcement. This iwas true of all animals tested 
(not shown). 

Tables 5 and 6 present the mean sensitivity and bias data in Experi- 
ment I I  under control and drug conditions, p(I) did not vary as the 
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Fig. 3. Effect of three doses of LSD and a tolerance regimen on reaction t ime 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- 

servations 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 A- 0.70 and -- 0.67. 

As in Experiment I, p (I) and B ' I t  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 
5 ~ 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 
(FI~ 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 



Effects of LSD on Auditory Perception 301 

o_ .4 

.5 

.21 

.1 

0 
0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

P {False Alarm) 

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 I I  

Stimulus Drug dose 
values (mg/kg LSD) 

All reinforcement conditions 

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 see 0.16 0.73 0.10 

0.08 • 3 0.75 0.09 

o b t a i n e d  b y  t a k i n g  a m e a n  of  t h e  fou r  c o n t r o l - c o n t r o l  d i f ferences  ob-  
t a i n e d  p r io r  to  e a c h  dose  o f  t h e  d r u g  a t  each  t e s t i n g  po in t .  T h e  ana lys i s  

r e v e a l e d  no  effect  o f  r e i n f o r c e m e n t  c o n d i t i o n  on  t h e  d i f ferences  b e t w e e n  
con t ro l  a n d  d r u g  v a r i a t i o n s  for  e i t he r  s e n s i t i v i t y  or  bias.  T h e  d r u g  h a d  
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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 II. 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, d / =  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 t-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 t-test were run to test differences between zero dose 
(control) and each of the four doses ofLSD. Following 0.08 and 0.16mg/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 t-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 II. 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. Each point represents the mean of three observations in each of 6 rats 

Discussion 

I n  the  exper iments  above,  it  was  shown that  L S D  did not  produce 
changes in sens i t iv i ty  as measured b y  the  rat's abi l i ty  to m a k e  either 
a frequency or a temporal  discrimination.  Changes in sens i t iv i ty  were 
obtained,  however,  b y  altering the distance be tween  the st imuli  presented 
for discrimination.  Al though no changes in sens i t iv i ty  were seen fol lowing 
LSD administrat ion,  this is not  to say  that  the rat m a y  not  be undergoing 
perceptual  effects fol lowing LSD : Effects  m a y  be occuring to which these  
measures  are not  sensit ive.  Furthermore,  the drug produces long periods 
of  no r e s p o n d i n g - - s o m e t i m e s  as long as 1 h. I t  is possible that  drug 
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effects were occurring during these periods which were not being mea- 
sured. I t  should be noted, however, tha t  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.  I t  was shown tha t  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 probabili ty on both levers) produced bias close to 
zero, while the assymetrical conditions produced a preference for re- 
sponding on the lever with the higher probabili ty of reinforcement, which 
was reflected in high bias scores. Since the changes in bias produced by  
the drug were such tha t  the animal exhibited less bias under drug than  
under control conditions, it might  be said the drug acted as if i t  had 
altered the effect of reinforcement. 

I t  is also important  to note tha t  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, 
ff 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 tha t  bias was under less "control" than sensitivity. There- 
fore, it might be argued tha t  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 variabili ty of the bias measure. This seems to 
indicate tha t  LSD both at tenuates 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 rain) of pausing or 
no responding and are consistent with all reports tha t  LSD in a comparable 
dose range produces decreases in response rate (Appel, 1968). 

I t  should also be noted tha t  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  to le rance  r eg imen  of  drug  admin i s t r a t i on  were s imilar  to  those  
changes seen following one large dose of  LSD.  Therefore,  the  occurrence 
of  to le rance  seems to depend  on the  pa r t i cu l a r  measure  being used to  
assess a d rug ' s  behav io ra l  effect. 

I n  conclusion,  i t  was found  t h a t  L S D  d id  no t  s ignif icant ly  a l t e r  
s ens i t i v i ty  in  the  r a t  as  measu red  b y  a s ignal  de tec t ion  procedure .  Bias 
was s ignif icant ly  different  following LSD.  Thus,  LSD seems to  a l t e r  the  
w a y  in which env i ronmen ta l  cont ingencies  control  pe rcep tua l  behav io r  
a n d  has  no effect on sens i t iv i ty  a t  leas t  in  the  s i tua t ions  descr ibed.  

Acknowledgements. We wish to thank D. E. McMillan for comments on the 
manuscript. This research was supported by Research Grant MH 102-13-RD from 
the State of Illinois, Department of Mental Health, by Research Development 
Award USPHS 5 K2-MH-09355 (James B. Appel) and USPHS Pre-doctoral 
Research Fellowship 2-F01-48508 (Linda A. Dykstra) from the National Institute 
of Mental Health. 

References 
Altman, J. L., Appel, J. B.: The effects of LSD on fixed-interval responding in 

the rat. Paper presented at the meeting of the American Psychological Asso- 
ciation, Washington, D. C., September 1971 

Appel, J. B.: The Effects of "Psyehotomimetic" drugs on animal behavior. In: 
Psyehopharmacology: A review in progress. D. Efron, Ed., pp. 1211--1222. 
Washington, D. C. : U.S. Government Printing Office 1968. 

Appel, J. B.: Effects of LSD on time-based schedules of reinforcement. Psycho- 
pharmacologia (Berl.) 21, 174--186 (1971) 

Appel, J. B.: Freedman, D. X., Filby, Y. 34.: The effects of three psychoactive 
drugs on two varieties of escape behavior. Arch. int. Pharmacodyn. 187, 179 
to 193 (1967) 

Appel, J. B., Whitehead, W. E., Freedman, D. X. : Motivation and the behavioral 
effects of LSD. Psychon. Sei. 12, 305--306 (1968) 

Becker, D.I . ,  Appel, J. B., Freedman, D.X. :  Some effects of LSD on visual 
discrimination in pigeons. Psychopharmacologia (Berl.) 11, 354--364 (1967) 

Berryman, R., Jarvik, M. E., Nevin, J. A.: Effects of pentobarbital, lysergie acid 
diethylamide and chlorpromazine on matching behavior in the pigeon. Psycho- 
pharmaeologia (Berl.) I~, 60--65 (1962) 

Blough, D. S. : Some effects of drugs on visual discrimination in the pigeon. Ann. 
N. Y. Acad. Sei. 66, 733--739 (1956) 

Blough, D. S. : Effect of lysergie acid diethylamide on absolute visual threshold of 
the pigeon. Science 126, 304--305 (1957a) 

Blough, D.S.:  Effects of drugs on visually controlled behavior in pigeons. In: 
Psychotropie drugs. S. Garattini and V. Getti, Eds., pp. 110--118. Amserdam: 
Elsevier 1957b 

Bradley, P. B., Elkes, J. : The effects of some drugs on the electrical activity of 
the brain. Brain 80, 77--117 (1957) 

Dews, P. B.: Studies on behavior: I. Differential sensitivity to pentobarbital of 
peeking performance in pigeons depending on schedules of reward. J. Phar- 
maeol, exp. Ther. 113, 393--401 (1955) 

Freedman, D.X. ,  Appel, J .B. ,  Hartman, F .R . ,  Molliver, M.E. :  Tolerance to 
Behavioral effects of LSD-25 in rat. J. Pharmacol. exp. Ther. 141~, 309--313 
(1964) 



Effects of LSD on Auditory Perception 307 

X~'uster, J. M. : Lysergie acid and its effect on visual discrimination in monkeys. 
g. herr. ment. Dis. 129, 252--256 (1959) 

Green, D. M., Swets, J. A.: Signal detection theory and psyehophysies. New York: 
Wiley 1966 

Gourevitch, G., Hack, M. H.: Audibility in the rat. J. temp. physiol. Psychol. 62, 
289--291 (1966) 

Grief, J. B. : Nonparametrie indexes for sensitivity and bias: Computing formulas. 
Psychol. Bull. 75, 424--429 (1971) 

Hodos, W.: Nonparametric index of response bias for use in detection and re- 
cognition experiments. Psychol. Bull. 74, 351--354 (1970) 

Hollister, L. E.: Human pharmacology of lysergic acid diethylamide. In: Psycho- 
pharmacology: A review in progress. O. Effort, Ed., pp. 1253--1261. Washing- 
ington, D. C. : U.S. Goverment Printing Office 1968. 

Hollister, L.E. ,  Hartman, A.M.: l~escaline, lysergic acid diethylamide and 
psiloeybin: Comparison of clinical syndromes, effects on color perception and 
biochemical measures. Comprehens. Psychiat. 8, 235--241 (1962) 

Key, B. J. :  The effect of drugs on discrimination and sensory generalization of 
auditory stimuli in cats. Psyehopharmacologia (Berl.) 2, 352--363 (1961) 

Polidora, V. J. :  A sequential response method of studying complex behavior in 
animals and its application to measurement of drug effects, g. exp. Anal. Behav. 
6, 271--277 (1963) 

Pollack, I., l~orman, D. A. : A non-parametric analysis of recognition experiments. 
Psyehon. Sci. 1, 125--126 (1964) 

Sharpe, L. B., Otis, L. S., Schnsterman, R. S. : Disruption of size discrimination 
in squirrel monkeys by LSD-25. Psyehon. Sei. 7, 103--104 (1967) 

Siegel, R. K. : Effects of cannabis sativa and lysergie acid diethylamide on a visual 
discrimination task in pigeons. Psyehopharmacologia (Berl.) 15, 1--8 (1969) 

Terrace, H. S. : Errorless discrimination learning in the pigeon: Effects of chlor- 
promazine and imipramine. Science 140, 318--319 (1963) 

Uyeno, E.T. ,  Otis, L. S., Mitoma, C.: Behavioral evaluation of hallucinogenic 
trimethoxyamphetamines in squirrel monkeys (Saimiri seiureus). Communica- 
tions in Behav. Biol. 1, 83--90 (1968) 

Dr. Linda A. Dykstra 
Department of Psychology 
University of North Carolina 
Chapel Hill, North Carolina 
U.S.A. 

21 Psyehopharmaoologia (Berl.), Vol. 34 


	Page1



