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GENERAL SUMMARY

Methodl The purpose of this project is to analyze the behavior of
chronic psychotic patients, using the methods of operant conditioning
that have been proved effective in the study of the behavior of lower
organisms. In brief, a volunteer patient 1s placed alone in a small
room containing a chair and a modified vending machine. When the
patient pulls the vending machine levers, pleces of candy or other
sultable reinforcements are delivered. The number and distribution
of responses are automatically recorded over a specified length of
time. In this manner the quantity and regularity of operant or ad-
Jjustive behaviorZ of each patient can be ascertained under controlled
conditions.,

The method 1s not limited to such simple behavior, for when the
experimental conditions are varied a wide range of behavior can be
objectlively studied. Complex response development, discriminatilons,
concept formation, motivational conflict, fear, anxiety, and verbal
behavior have been successfully studied with this method. With two
individuals placed in "yoked" rooms, many forms of elementary social
behavior (for example, competition, cooperation, imitation, negativ-
ism, altruism, sadism, etc.) may be studled. The differences in the
rates of such behaviors between different individuals (psychotic or
non-psychotic) as well as the effects of different agents (environ-
mental, pharmacological, neurological) upon these.rates can readily
be studied.

Previous Results? Suitable apparatuses and procedures for the study
- ‘of the operant behavior of chronic psychotic patients have been de-
veloped and standardized. Since the apparatuses are simlilar to those
currently used with lower organisms by many experimental and physio-
logical psychologists, our results can be directly compared with
thelrs. This brings theoretical ang experimental continulty to the
fields of clinical, physiological ahd experimental psychology.

l. The method is described in detall in Status Report II and in In-
terim Technical Report 3; Lindsley, O. R. Operant conditioning
methods agplied to research in chronic schizophrenla. Psychiat. Res.
322°, 195 95 118 '139'

2. An operant response 1s a segment of behavior that manipulates a
part of the environment. If 1t is followed by a reinforcement its
rate Increases. The clinical term "adjustive behavior" is often used
to describe reinforced operant behavior., Many patients were hospit-
alized because they did not have enough adjustive behavior to func-
tion in soclety.

3. These results are described in detail in our previous reports and
publications (see pages 2 and 3).
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Approximately 50% of the adult patients responded at signifi-
cantly lower and more erratic rates than unhospitalized adults,
psychotic children, or lower organisms. When the adult patients
were not responding they engaged in their particular psychotic be-
havior (pacing, sittIng "depressed," gesticulating, talking vio-
lently, etc., depending upon their symptoms). Thils psychotic be-
havior interferes with and displaces the operant behavior. The
topography of the psychotic behavior correlates with the psychlatric
dlagnosis, but the diagnosls gives no indication of the degree to
which the psychotic mannerisms interfere with the operant behavior.
Each patient has a characteristic pattern of psychotic "distraction,"
s6ﬁ3—gH6WTﬁg'TFEQHEHV‘HIEEFEEEIEHEEBT‘s@gxﬂ_dun&tlgn, others show-
ing infrequent periods of very long duration. Minute-to-minute,
hour-to-hour, day-to-day, and month-to-month rhythms in the degree
of “thiIs p3ychotIc distraction hdve been recorded and are character=-
istic of different patients. We have succeeded in altering the fre-
quency, duration, and patterning of these distractions by manipu~

ating e nature or schedule of reinforcement w some patients.
Tndividual differences are the rule and appear to be our subject
matter. We cannot employ large-sample screening methods (wherein
a2 large number of subjects are observed for a short period of time
each) because of these rhythms and individual differences. Our re-
search is in the main intensive with many hours of observation ac-
cumulated on a relatively small group of patients (N = 50).

Present Status of Research We have completed the methodological
phase of our research and are now ready to spend our full research
time on the analysis of psychosis. In the past three years we have
Investigated many aspects of psychotic behavior, but much of our
time has been spent designing and constructing equipment, looklng
for sultable reinforcers, and testing the reliability and stability
of our data. We now have suitable equlpment for the free operant
conditioning of psychotics. Tt can be used to study any individual
from out-patient to the most severely disturbed violent patient.

It has been tested in operation, is standardized and is commercially
available, We can provide other researchers with equipment, stan-
dardized data, and counsel concerning the initial problems of patient
handling, research design and hospital integration and cooperation.
To this end we can draw upon a file of over 10,000 patient-hours of

data with a median of 9l experimental sessions on 51 adult and 35
child psychotic patients.

We are embarking on a comprehensive analysis of the behavior
of chronic psychotics. It promises to be a long-term investiga-
tion with all the advantages and disadvantages of "pure research"
in any field. We plan to spend approximately 25% of our laboratory
time in the application of promising research "leads." Our in-
vestigations of the effects of the standard theraplies and the new
tranquilizing drugs fall in this category.
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The data generated are stable over long periods of time
(years), and reveal striking individual differences between pa-
tients and unhospitalized individuals. We have located a few be-
havioral anomalies in our patients and now plan to search for other
behavioral differences between our patients. Having located such
anomalies, we plan to screen a sample of 25 patients to obtain a
rough estimate of the frequency of occurrence of each anomaly in
a hospital population. If we use the same sample of patients for
each screening, Inter-correlations of anomalies are possible and
"behavioral disease syndromes" might be collected. It is becoming
apparent that one of our most important assets here in Waltham is
the large body of data we have accumulated on each of our fifty
patients.



1.0 VIORK ACCOMPLISHED SINCE 1 SEPTEMBER 1955

l.l1 Observations on New Patlents:

We have studied the behavior of 15 new patients since our last
annual report. This increases our total sample to 51 adult psycho-
tic patients (three of these were female) and 35 child psychotic
patients (two of these were female). The distribution of staff
diagnoses for the adult patients we have studied to date follows:

Psychoneurotic .c.ccocecocoscecceces cevesenoe 1
Pasychotle .s.veeiniinieneienenronenenes cevene 2
Dementia Praecox, Undifferentiated type se.. Iy
" " Other tYyPeS eeecseocccsess T

" " Paranoid type seesecceesss 12

" v Catatonic type eeeeecesvee 13

" " Hebephrenic type .ceeececes 3
Mentally Defective with Psychosis ..eco0cee 5
Manic-Depressive secececesceccccccccccsscons 1
Alcoholic Psychosis .ieeeeeccccansen ceesence 2
1

CNS Syphilis @ O & & 06 06 0 06 0 6 0 0 0 &8 O 0O 0 00 90 s 0P 0 0 e
' Total sececveeseses 51

Five of these patients were also described as having some or-
ganic involvement. These psychlatric diagnoses have so far not
correlated with the different measures of the patients! operant
behavior in the experiments, and we include them only as descrip-
tions of our population until we can obtain more detailed and
more recent psychiatric evaluations.

. As we have previously stated, the psychlatrie diagnoses do
rather loosely describe the pattern of each patient's psychotic
symptoms. They describe what the patlent 1s apt to be doing in
the experimental room when he is not responding. They do not
glve information about the nature of the patient's behavior anom-
alies or deficits. They do not say that thls patient does not
work because he 1s not motivated, nor that that patient is mo-
tivated, but cannot learn the task. The psychlatric diagnoses
seem to say: when thls patient is not working he will be pacing,
and that patient will be mumbling, and this one laughing, etc.
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The patients' ages ranged from 18 to 6% years, with a median
age of 39 years. Total hospitalization for mental ilness ranged from
1 to ;7 years with a median of 15 years. Six percent of our patients
were hospltalized less than 1 year and 27 percent were hosplitalilzed
5 years or less. I.Q.'s were avallable on only 23 patients (approx-
imately hs percent were untestable).1 The most recent I.Q.'s ranged
from 9 to 116, with a median of 82. Such depressed I.Q.'s are us-
ually found in chronic psychotics.

On the L-M Fergus Falls scale2 for rating the ward behavior of
chronic psychotics, our patients received ratings from 1.3 to 5.0
with a median of 2.4. (1.0 is severely disturbed and 5.0 represents
normal adjustment to the ward.) These values compare favorably with
the range of 1.3 to ly.7 and the median of 2.5 obtained by Lucero and
Meyer in their original standardization of the scale on over 50 pa-
tients in the Fergus Falls State Hospital, Minnesota.

Further evidence of the representativeness of our sample 1is
given by the followlng distrlbution of the percentages of patients
in the different type wards for the total male population of Metro-
politan State Hospltal compared with our sample of that population.

Type of Ward

Population N Admission  Parole Closed | Disturbed Regresse
kReception)|(Open)L(Locked) (Violent)| (Untidy)

| o

|
622 | % ‘ 50% | 27% 6% 10% \
Exptl. Growp | 51 8%  36% = Lo 12 L% :

Total Hospital
(Male)

Therefore our sample is representative of the patients in large state
mental hospitals,

l. The results of our clinical testing program, which was conducted

by Dr. Martha T. Mednlck, are reported in detail in: Lindsley, O.R.,
Progress Report I, Research Grant MH-977, National Institute of Mental
Health, National Institutes of Health, Public Health Service and Harvard
Medical School, June 1956,

2. Lucero, R. J., and Meyer, B. F., A behavior rating scale sultable
for use in mental hospitals. J.Clin.Psychol., 1951, 7, 250-25l.
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During the past three years, five of our patients have been
discharged, one escaped and has not been found, and one died. There-
fore, seven patients (14%) are no longer available for study. How-
ever, this figure includes three discharged acute patients with
whom we were studying the effects of insulin therapy and who cannot
properly be called chronic patients. At the current rates we can
expect to lose about 3% of our chronic patients per year, due to dis-
charge, escape and death.

Tripling the size of our patient population since our first
annual report (Status Report II, 31 May 195L) has not changed the
nature of our initigl conclusions. By increasing the size of our
sample, we have, of course, increased the probability that our con-
clusions will apply to psychotics in general, and we have been able
to make more conclusions about the behavior of psychotics as we com-
plicate our experiments and study more complex behaviors.

1.2 Quantification of "Psychotic" Properties of Records:

~ In our first status report we sald that the most disturbed
patients responded irregularly, with pauses separating periods of
responding. During these pauses a patlent would engage in his par-
ticular psychotic symptoms. Since then, we have accumulated a con-
vinecing body of data showing that this irregular response rate in-
dicates severe psychosis if the patient 1s not physically ill or
handicapped, unduly fatigued, or suffering from recent punishment or
extinction. In other words, many factors can cause an irregular rate
of response, but 1f the conditions under which normal individuals
respond at irregular rates are ruled out, then an irregular res-
ponse rate does indicate the presence of severe psychosis. The fol-
lowing evidence has been accumulated:

1) Patients assigned to the most regressed wards pause
longer than those on open wards.

2) Patients rated as the most disturbed by the L-M Fergus
Falls behavior rating scale pause longer than those
rated high in hospital adjustment.

3) Normal attendants and psychotic children do not make these
long pauses.

4) Patients with cycles of psychotic disturbance have long
pauses when they are most disturbed and shorter pauses
when they are in periods of better adjustment.

5) Most patients show roughly the same amount of pausing
regardless of the reinforcement.
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6) The frequency and/or duration of pausing is not re-
lated to psychiatric diagnosis or duration of hos-
pitalization. It measures, therefore, the degree of
debilitation caused by the psychosis, but does not
descrlbe the topographical nature of the symptoms.

‘ It has been possible to exert some degree of experimental con-
trol over these "psychotic" pauses. In a few cases, they have been
reduced in duration and frequency through months of daily con-
ditioning on a one-minute variable-interval schedule of reinforcement
in which the first response after a long pause is usually reinforced.
The pauses have been Iincreased in duration and frequency by experi-
mental extinction. In other cases, we have "forced" the psychotic
pauses (and the symptoms filling them) into temporal position fol-
lowing each reinforcement on a fixed-ratio schedule (il.e., every
twentieth response is reinforced). On the fixed-ratio schedules,

the pauses tend to be lengthened as well as positioned after rein-
forcement.

Since the pauses provide a measure of the severity of a psy-
chosls by calibrating the degree to which it interferes with a stan-
dard task, and since the pauses can be changed in frequency and dur-
ation by experimental manipulation, a careful quantification of these
pauses was demanded for further experimentation.

An analysls of the cumulatlve records and a few Inter-response
time distributions taken from both patients and normals disclosed
that few normal records showed any pauses greater than ten seconds.
This 1s about the length of time it takes the normal individual to
look at his watch, 11§ht a clgarette, adjust his chair, or engage in
any one of a host of "normal distractions.,® Distractions which con-
sumed longer periods of time tended to be bilzarre and in most cases
were made only by disturbed patients.

On 10 December 1955 we started automatically measuring the
amount of time consumed by pauses over ten seconds in length by the
use of a clock (elapsed time indicator) which started ten seconds
after each response and ran until the next response. The clock
also ran during the initial delay in responding from the start of the
experimental session (latency). This measure, described as "the sum
of the inter-response times greater than ten seconds™ (Z IRT>10"),
was automatically computed by the clock for each experimental ses-
sion with an accuracy to tenths of a minute. Since pauses of ten
seconds duration or less (normal pausing) are not timed, the clock
provides a measure of the amount of time consumed by abnormal
pauses Iin each experimental session.

On 25 January 1956 we started recording the number of these
pauses greater than ten seconds because the patients who made one
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long pause of, say, 30 minutes were not being separated from the
patients who made, say, 10 equally spaced 3-minute pauses during

each 60-minute session by the s IRT% 10", A counter was placed in
the circuit which recorded "the number of inter-response times
greater than ten seconds" (#IRT >10"). This measure must be used
with caution for it can be ambiguous, since patients responding at
high, even rates might have only a few inter-response times greater
than ten seconds and patients responding at very low rates might have
only one or two very long inter-response times over. ten seconds. How-
ever, with this ambiguity kept in mind the measure has proven to be

a sensitive indicator of properties of the rate which are not meas-
ured by the $.IRT>10", the M IRT>10", or the total number of res-
ponses per hour.

Both measures can be reclaimed from earlier records that were
collected before the recording circuits had been devised by read-
ing the cumulative response curves with a grid. This is a time-
consuming procedure, and economically unfeasible for large-scale
research, but it 1llustrates one advantage of continuous experimen-
tal records which can be later analyzed using a system which was un-
discovered at the time the behavior was recorded.

"The mean inter-response time greater than ten seconds"
(M IRT >10"™) can be computed from these two measures by dividing the
ZIRT>10" by the #IRT>10". The mean provides a single measure
combining the properties of both the sum and the number, and for
this reason might be more economical than using both measures. How-
ever, we have continued to use both measures since we have found them
to vary independently of each other in certain experimental situations
(see below). Also, the labor of computing the mean is saved by using
the automatically derived measures.

Table 1 shows the advantage of the s IRT>10" over the other
measures of the rate of response in differentiating most disturbed
patients from the less disturbed patients and from the normal in-
dividuals. The table also shows the non-monotonic nature of the
#IRT > 10" as related to the responses per hour and the resultant
low P values caused by the ambiguity of this measure.

The untestable patients had significantly lower ratings on the
Tulane Behavior Scalel of clinical testability (P >.01) and the
Lucero-Meyer Scale2 of ward behavior (P> .0l). They also were as-
signed to the more regressed wards of the hospital (P >.06). These

l. King, H.E. Psychomotor aspects of Mental Disease, Cambridge,
Mass., Harvard University Press, 1954.

2. Lucero, R.J., & Meyer, B.F. A behavior rating scale suitable
for use in mental hospitals. J.clin.Psychol.,
1951 s (s 250"25)1L .
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Teble 1

A summary of four rate of response measures from normal subjects
compared with the same measures from & group of patients that
could be tested by standard psychological tests and a group of
untestable patients (45% of the patient population). The rate

of response measures are medians for each group of the medians for
the first 10 hours of one-minute variable-interval reinforcement
with penny candies for each patient and five-cent pieces for each
normal subject. The median number of responses per hour (Resp./Hr.),
the median number of inter-response times greater than ten seconds
(IRT >10"), the median mean inter-response time greater than ten
seconds (M IRT>10"), and the median sum of the inter-response
times greater than ten seconds are presented. The numbers inside

. the varentheses are P values for two-tailed Nedian Tests done be-
tween the entries immediately above and below the P value con-
cerned. Where three dashes are entered, the test was not sig-
nificant. The table shows that the & IRT > 10" is most sensitive
to the presence of severe psychosis.

Subjects N Resps/Hr #IRT>LO" M IRT>10" & IRT>10"
Normal Attendants 6 9,566 2 10 0!
(===) (===) (===) (.007)
Testable 12 1,421 Ll .8 L1t
Patients (55%) ( .0LO) (.070) = (.006) (.006)
Untestable 10 21 9 2.7 581

Patients (Li5%)
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relationships add validity to the rate of response measures in show-
ing that the patients with the lowest rates of response and long-
est inter-response times scored thg lowest on three Ilndependent
measures of severity of psychosis.

Figure 1 shows the total number of responses per hour,
#IRT >10", and £ IRT >10", for one normal subject responding on a
one-minute variable -interval schedule for five-cent pleces as re-
inforcers plotted against experimental sessions (one hour per day).
Note that the rate of response sharply dropped at about the 25th
experimental sesslon. This sharp drop in rate to a lower value
more In accord with the variable-interval schedule is similar to the
abrupt changes in behavior which used to be called "insightful."
Such changes may be more prevalent in the behavior of humans than
with lower organisms. Note that there was a significant lncrease
in the #IRT>10" at the time of the rate change only. The #IRT>10"
here acted as the derivative of the rate of response and represents
the kind of searching activity (exploring different sized inter-
response times) the subject went through in adjusting his rate of
response to a lower value. Note that since the s IRT > 10" did not
markedly change at this time, the independence of the #IRT> 10" from
the 2 IRT >10" is empirically demonstrated.

Another situation demonstrating this independence, in which
the £ TRT >10" is markedly changed with no apparent change in the
#IRT >10" is shown in Figure 2.

Here the ;#fIRT > 10" and the 3 IRT>10" are plotted against the
hour-long experimental sessions for one patient responding for
260 hours on a one-minute variable-interval schedule for candy re-
inforcement followed by 90 hours of no reinforcement (experimental
extinction). Ten-day medians are plotted to condense the graph.
During the first 20 hours of extinction there was a sharp drop in
the rate of response, showing that the gradual increase in rate of
response over 260 experimental sessions (over a year) was directly
related to the reinforcing stimuli (candy) rather than to the atten-
tion paid the patient by removing him from the ward environment each
day. Figure 2 shows that this sharp drop in rate of response dur-
ing the first 20 extinction sessions was due to an increase in the
duration of inter-response times greater than ten seconds (s IRT >10")
rather than an increase in the frequency of these long inter-response

3. These results are described in detall in Progress Report T,
Research Grant MH-977, National Institute of Mental Health,
Public Health Service, Behavior Research Laboratory, Harvard
Medical School, June 1956.
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times (#IRT>10"). Therefore extinction increased the duration of
the long inter-response times rather than their frequency.

In summary, the superiority of the  IRT>10" over the
Responses/Hr., the #IRT >10", and the M IRT >10" as a measure of
the degree of "psychotic distraction" within a record of operant be-
havior was demonstrated. The validity of the £ IRT>10" as a
measure of the severity of the psychosis was determined using three
independent clinical measures. Also the empirical independence of
the ¢ IRT>10" from the #IRT>10" as well as the sensitivity of
both measures to certain experimental changes was shown. For
these reasons we will continue to record both the s IRT >10" and
the #IRT> 10" in addition to the number of responses per hour.

1.3 Quantification of "Fixed-Ratio Pauses":

Two schedules of intermittent reinforcement that we have used
extensively are the "variable-interval®" schedule and the "fixed-
ratio" schedule. On the one-minute variable-interval schedule the
magazine circuit is primed after perlods of time varying from 10
seconds to 2 minutes from the last reinforcement (on the average,
once every minute). One priming is sufficient to deliver a re-
inforcement when a response 1s made at any time after the priming.
Only one reinforcement 1s delivered, regardless of the number of
primings, so that extra primings are, in a sense, wasted. In order
to obtain all potential reinforcements, the patients must respond
at a rate high enough to ensure a response between the closest
primings (an even rate of one response at least every 10 seconds).
This schedule produces a low, even rate of response from most nor-
mal subjects. On the fixed-ratio schedule, reinforcements are de-
livered after a fixed number of responses have been made since the
last reinforcement. On a fixed-ratio twenty schedule, every twenti-
eth response is reinforced.

The fixed-ratio schedule has two different effects when com-
pared to the variable-interval schedule. 1) The rate of response
is increased over the variable-interval rate (usually both the num-
ber of responses per hour as well as the "local rate" immediately
before reinforcement are increased). 2) Pauses in responding tend
to oceur Immedlately after each reinforcement. We have previously
found* that approximately 1/3 of the adult patients showed both of

It. Status Report IV, ONR Contract N5-ori-07662, Behavior Research
Laboratory, Harvard Medical School, August 1955.
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these ratio effects, 1/3% showed pauses after reinforcement but no
rate increase, and 1/3 showed neither effect. This showed that these
two fixed-ratlo effects can occur independently of each other, and
therefore are not indicants of the same process. Pauses after re-
inforcement can occur without an increase in the number of res-
ponses per hour or the "local rate of response" immediately after
reinforcement. To our knowledge, this separation of these two ef-
fects has never been observed with normal organisms. Thus one im-
portant contrlibutlion of the study of abnormal subjects might be to
separate processes that always occur together in normal subjects
and have, therefore, been consldered as a unifled process. In this
way, the use of psychosis as an analytical tool might shed consid-
erable light on some of the problems and theories of "normal
psychology." All normal adults and psychotic children showed both
fixed-ratio effects. These two fixed-ratio effects should be quan-
tifled, since they reveal individual differences in the behavioral
capacity of psychotic patients and should, therefore, be valuable
in future research.

The increase in rate of response has been quantified by re-
cording the number of responses per hour for each experimental
session. The increase in the "local rate of response" can be quan-
tified by suﬂtracting the sum of the long inter-response times
(s IRT>10") from 60 minutes (the duration of the experimental
session). The result is termed the "time spent responding" and can
be divided into the number of responses In the entlire session in
order to determine the local rate, or ™the rate when responding."

The quantification of the fixed-ratio pauses demanded a sep-
arate recording circult in the apparatus. A separate counter and
timer were made to record the number and sum of the duratlons of all
inter-response times greater than ten seconds that occurred immed-
iately after reinforcement (#IRT>10" after SR and 2 IRT >10"
after SR)., These two values were then converted into percentages
of the total #IRT>10"™ and £ IRT >10" for each experimental session.
If all the pauses greater than ten seconds occurred immediately
after reinforcementg only, then the ##IRT >10" after SR and the
%% IRT>10" after SR would both be equal to 100.

The values of the %S IRT>10" after SR and the ZH#IRT>10" after
SR are very stable and appear to be approximately equal under most
experimental conditions. On the variable-interval schedule of
reinforcement 30 to 60% of the long pauses occur immediately after
reinforcement. This i1s not attributable to the acquisition of the
reinforcer, because 5 seconds (the magazine cycle) after each rein-
forcement 1s not counted as experimental time - the timers and re~
corder do not operate during this time. This flve-second magazine
cycle 1s long enough for reaching into the magazine and removing
the reinforcer. The tendency for the very long pauses to occur im-
mediately after reinforcement would seem to be related to one or
more of the following: 1) the motivation (deprivation) is at its
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lowest; 2) the probability of reinforcement is very low at that
time; or 3) the presentation of the reinforcer acts as a catalyst
or distractor which precipitates a chain of psychotic behavior
symptoms that take a relatively long period of time to complete.

The possible catalytic effect of the reinforcer could be checked

by seeing whether removing the knob or presenting other strong stim-
uli might precipitate a chain of psychotic symptoms. We plan to in-
vestigate this possibility in the near future.

Consider Figure 3. Here the effects of two fixed-ratio sched-
ules (FR20 and FR5) are compared with one-minute variable-interval
performance (1!'VI) for one chronic psychotic patient (P22). Ten-
day medians are plotted in order to condense the graph. The re-
inforcer in all plotted sessions was candy (other reinforcers were
used in sessions 201 through 2,0 and are not plotted). The one-
minute variable-interval schedule produced a rate of response less
than 100 responses per hour and a %3 IRT>10" after SR and Z#IRT>10"
after SR ranging from approximately 30 to 60% (sessions 150 through
26l1). In all cases_the ZH#IRT>10" after SR was lower than the
%% IRT>10" after SR, showing that the long pauses after reinforce-
ment tended to be longer than the long pauses that occurred at other
times during the session. This tendency also exists in the be-
havior of the four other patlents we have so far analyzed on the
one-minute variable-interval schedule with respect to these measures.

When the schedule was changed to FR20 (every twentieth res-
ponse reinforced), there was no change in the number of responses
per hour, the #IRT >10" and the< IRT >10". However, the %2 IRT>10"
after SR and the FH#FIRT> 10" after SR sharply dropped when the sched-
ule was changed to FR20 (sessions 266 through 275). This shifting
of the long pauses that occurred immediately after reinforcement
on the varilable-interval schedule to other places in the experimen-
tal session seems to be an immediate effect of the schedule change
and has been reproduced with two other patients to date. The impor-
tant point here is that the independence of the #<IRT >10" after
SR and the ##IRT >10" after SK from the Responses/Hr., the £ IRT >10"
and the #IRT >10" was empirically demonstrated.

This independence was again demonstrated in sessions 276 through
300, when the %% IRT>10"™ after SR and the F#IRT >10" after SR grad-
ually rose from approximately L;0% to 80% with no corresponding
change in the Responses/Hr., the £IRT>10", and the #IRT >10"
when the schedule was changed to fixed-ratio 5. Thils 1s the second
fixed-ratio effect that we set out to quantify. Note that the ef-
fect 1s very gradual, taking almost 50 experimental sesslons of
one hour each to be complete. Although we have no data on this ef-
fect from normal adults, psychotic children and lower organisms
show thils effect in approximately one-fifth of the experimental
time it took for this adult patient. Note also that the £ Z IRT> 10"
after SR shifts from a higher pércentage value than the Z#IRT>10"



EFFECIS OF FIred-pATio SCHEDULES

' FR20
)'vr e RS | Frao
%E/RT7 /0"
/eor oﬁFm FEINF: - = -
- o=
.w/ /—. ./‘ .
awerzs0” 1
0 APTER Rewe .
s 60f -
S |7 — TN L_—
R _
<
~3 T .
,é, W
£, °
A Al
X\ € I ' !
3 X O ~
(4
Q
N — -
I T
@« _ .
It )
Q'S‘oo- -
‘0? B o
Qc I '
” -\_‘\/ . 'T'* . : . J
/50 200 250 300 50 Yoo
P22 Expermentar SEsstans

FIGURE 3



=20-

after SR to lower values during the first twenty sessions on fixed-
ratio 20. To date we have no explanation for this shift. An--
other important point is that the tendency to pause after rein-
forcement (the 2nd fixed-ratio effect) was almost complete before
the increase in the rate of response (the lst fixed-ratio effect)
began to occur. In lower organisms and psychotic children these

two effects tend to occur together, Perhaps the extremely deter-
iorated adult psychotic is capable of only one adjustment at a time.
Investigation of the behavior of more patients will permit us to
test this generalization.

In sessions 301 through 360 there was a gradual increase in the
Responses/Hr., and the #IRT >10", together with a gradual decrease
in the $ IRT >10". _During this time there was no reduction in the
% £IRT >10" after SR and the FHIRT>10" after SR. From sessions 361
through 381 the schedule was changed back to fixed-ratio 20. Note
that this time, after 85 previous sessions on fixed-ratio 5, there
was no extreme drop in the % £IRT>10" after SR and the Z#IRT>10"
after SR, Rather, the percent of long pauses occurring immediately
after reinforcement remained at a high value and the number of res-
ponses per hour sharply increased (both effects appropriate to the
fixed-ratio schedule). It appears that the patient adjusted to the
fixed-ratio 20 schedule after previous training on fixed-ratio 5
much more rapldly and appropriately than he did without this pre-
tralning on a lower fixed-ratio value.

This difficulty in adjusting to high fixed-ratio values with-
out pre-training on low values has been termed "straining the ratio"
by Ferster and Skinner’ and 1s observed with lower organisms at much
higher fixed-ratio values (usually in the hundreds). Although we lack
conclusive evidence, here agaln the chronic psychotic might be lack-
ing in the modifiability of his behavior, needing more experlmental
time and less severe schedule changes in order effectively to adjust
his behavior to the new experimental conditions.

In summary, it is clear that the quantification of these two
fixed-ratlio effects has revealed interesting individual differences
in the behavior of the chronic psychotic as compared with normeals
and child psychotics. The new experimental measures have also
posed many new questions concerning the adjustment of normal
end psychotic individuals to fixed-ratio schedules of reinforce-
ment.

5e Ferster, C. B. and Skinner, B. F. Schedules of Relnforcement,
Appleton~-Century-Crofts, New York: 1957.
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1., Exploration of Useful Reinforcers - Grouped Data:

One of our most important observations to date is that some
patients respond at very low, erratic rates of response compared
to other patients and to unhospitalized individuals. Since low,
erratic rates of response are characteristic of inappropriate rein-
forcers, 1t was necessary to try many different reinforcers with a
group of patients to determine whether the low, erratic rate was a
general characteristic of the psychotic's behavior or if some rein-
foreer could be found which would produce a high, even rate for
each patient. Such an exploration of reinforcers 1s also necessary
In the attempt to produce enough behavior to study from the patlents
with very low rates (in order to "gain control" of their behavior),
and to determine the best general reinforcer to use in the large-
scale Investigation of the behavior of chronic and acute psychotics.

The characteristicly low motivatlion of the chronic psychotic
1s well-known in hospital and theory. Many have theorized that this
low motivation is due to an inability to respond to "social re-
wards" and "conditioned gratifiers" (conditioned reinforcers).
If some soclal and conditioned reinforcers were included in our
screening, these theoretical questions would be clarified. We might
expect individual differences in response to a variety of reinforcers
and these individual "interest" or "motivation profiles" should
prove useful in further dlagnosls and research.

A large portion of our experimental time has been spent in this
exploration over the past three years. Although we wlll continue
developing new reinforcers, we have completed our major exploration,
and can now make some generalizations concerning the effects of a
variety of reinforcers on the behavior of chronic psychotlces.

Twenty-three male chronic psychotics were studied for 10 hours
each (oné hour per day) on a one-mlinute variable-interval schedule
of reinforcement for each of the following reinforcers: 1) candy,

2) femele nude pictures, '3) male nude pictures, l;) five-cent pleces,
and 5) feeding a hungry kitten (see below). Non-reinforcement or
experimental extinction was the 6th condition. The extinction
sessions were run in a room that the patient had never before en-
tered so that in cases where the patient's responding did not gen-
eralize to the new room this condition was more similar to what has
been called an "operant level"™ by Skinner. '

These results were compared with the rates of response of
twelve psychotic chlldren responding for candy reinforcement, eight-
een normal dogs responding for a meat-grain mixture, and elghteen
normal attendants responding for five-~cent pieces and in eXperimen-
tal extinction. All reinforcements were delivered on the same one-
minute variable-interval schedule. The experimental room was
identical for psychotic adults, children and normal individuals.
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The dogs pressed a panel instead of pulling the knob used with the
human subjects, but all other experimental conditions were identi-
cal (except the reinforcer).

Consider Figure li, where the grouped results are presented.
Ten frequency distributions, plotted in terms of the percentage of
subjects in each class interval, of the median number of responses
per hour Ifor the Iirst ten sesslons are presented for each group of
subjects under each experimental condition. There are seven class
intervals comprising a modified logarithmic scale with refusals to
enter the experimental rooms (REF.) and zero responses per hour (0)
treated as separate class intervals. The interval labelled (1) con-
tains all medlan responses per hour from 1 through 9.9. The inter-
val labelled (10) contains medians from 10 through 99.9, that labelled
(100) contains medians from 100 through 999.9, that labelled (1000)
contains medians from 1000 through 9,999.9, and that labelled (10,000)
containsg all medians above 10,000. The distributions are labelled
as follows: Psychotic adults in extinction (PA EXT), responding for
five-cent pieces (PA 5¢), responding to feed the hungry kitten
(PA FK), responding for female nude pictures (PA FN), for male nude
pictures (PA MN), and for candy reinforcement (PA CAN). Psychotic
children responding for candy (PC CAN). Normal dogs responding
for meat and grain (ND MG). Normal adults responding for five-cent
pieces (NA 5¢) and in extinction (NA EXT).

Consider first the extinction distributions for the chronic
adult patients (PA_EXT) and the normal attendants (NA EXT). Note
that in this experimental situation where the subjects may refuse
to participate in the experiment, the normal individuals all re-
fused to come to the experimental rooms before ten hours of extinc-
tion had been collected. Most refused within % sessions. Only 10%
of the patients refused during extinction. This suggests that theé
atients are either more docile, more accepting, more institution-
lized, less able to adjust rapidly to experimental extinction, or
erhaps they have nothing better to do. However, a comparison of
the patients' extinction distribution with their distribution for
candy reinforcement (PA CAN) showsg a clear-cut effect of the rein-
forcement in increasing the rates of response, so this hIgh extinc-
tion raté or high operant level of the chronic psychotic cannot
explaln Thehigher rates obtained during reInforcement.

The rates of response shown In the distributions for normal
adults responding for five-cent pieces (NA §g), normal dogs res-
ponding for meat and grain (ND MG), and psychotic children respond-
ing for candy (PC CAN) are representative of the rates obtained
from lower organlsms respondIng on the one-minute variable-interval

schedule of re orcement by other investigators.

Note that the distribution of rates from the chronic psychotic
adults most similar To these "normal™ distributions is the distribu-
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wumxww?em (PA CAN). This
méeans at, even though some chronic psychotIc adults respond at

low rates for candy, capdy is still the best general reinforcer to

use with chronic psychotics that we have discovered to date. It is ™
more logical to compare behavior maintained in chronic psychotic
adults with candy reinforcement to behavior maintained in normal ad-
ults with five-cent pieces than it is to compare the behavior main-
tained in chronic psychotic adults by five-cent pieces (PA 5¢) with
the behavior maintalned in normal adults by five-cent pieces. This

is an important point and should not be neglected in future research.
To compare behaviors generated and maintained in both chronic psy- s
chotics and normal adults by money is similar to comparing behavior
maintained in dogs and normal adults by money reinforcers.  In cross-
specles comparisons the best reinforcer should be used for each
species. Ideally the reinforcers should be pneziousl§ calibrated to
produce simllar distributions of rates of response. n comparing in-
stitutionalized individuals with non-institutionalized individuals,
and psychotlc individuals with non-psychotic individuals, the same
precautions should be taken.

- In comparing the distributions of rates of response for the male
chronic psychotics responding for female nude pictures (PA FN) with
the rates maintained by male nude pictures no differences were ob-
served in these grouped data. This suggests that the interest of
chronic psychotics for homosexual pictures 1s as strong as thelr
motivation for heterosexual pictures. This apparent homosexuality
could be explained by their long hospitalization in a homosexual
environment or there may be some basic homosexual tendencies in-
volved in the etiology of thelr psychoses. However, there were no
significant correlations between the total years hospitalization
for mental TITness and the rates of response for male or female
nude plctures using Kendall's rank correlation coefficient (Tau),
suggesting that if the homosexual interest developed within the
hospital, it developed within the first year of hospitalization.
Further research with institutionalized and non-institutionalized nor-
mals (prisoners) would clarify this point.

Note that the distributions for the "conditioned reinforcers"
(male nudes, female nudes, feeding the hungry kitten, and the five-
cent pleces) tend to be bi-modal in comparison to the distribution
of rates for the chronic psvechotics respondins for candy reinforce- -
ment., This supports the hypothesis that, in general, chronic psy-
chotics have lost the ability to respond for conditioned reinforcers.
Analysis of the individual profiles of response to the different re-
inforcers (see section 1.5) has shown that this generality (drawn from
grouped data) should be used with extreme caution when applied to in-
dividual patients. Here again, there were no significant correla-.
tions (using Kendall's Tau) between years hospitalization and rate of
response, suggesting that the loss of the ability to respond for con-
ditioned reinforcers is not related to the duration of institutional-

ization, although we would again like to have instltutionalized nor-
mal data for comparison.
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As we have stated, there were no significant correlations
between total years hospitalization and the rate of response for
any of the reinforcers. Psychiatric diagnosis does not relate to
the operant rate of response for any of the reinforcers as has been
stated in previous reports and as can be seen in section 1.5 which
follows., As we have previously reported for a restricted group of
patients6 there are significant correlations between ratings of
the patients! ward behavlor and their rate of response for candy
reinforcement (Rho = +.,82, p ¢.001). The correlations for larger
groups of patients and for more reinforcers are presented in Table 2.
These correlations are probably lower than the earlier reported cor-
relation for two reasons: 1) the Spearman rank correlation coef-
ficient produces higher values than Kendallts Tau when both are com-
puted from the same set of rankings (Rho = +.82 when Tau = +.,67,
and Rho = +.62 when Tau = +.39, see Siegel's Nonparametric Statics,
McGraw-Hill, New York: 1956, P.219), and 2) the correlation repor-
ted earlier was made between rates of response and ward behavior
ratings taken at the same time, whereas the correlations in Table 2
were made between rate of response measures and ward behavior ra-
tings taken at necessarily different dates, so that variations in
the degree of the patients' symptoms would serve to reduce the cor-
relations presented in Table 2. There should be no question regard-
ing the appropriateness of the statistic used, because Kendall's
Tau is non-parametric, and as far as we know, we have vliolated no
assumption in its application. Since many of our "N"'s are very
small, we plan to continue to use Kendall's Tau in preference to
other correlation procedures because it is non-parametric and pro-
vides significant computations for all values of "N".

From a consideration of Table 2 it is clear that operant rate
of response for a wide variety of reinforcers correlates lowly, but
significantly, with the adjustment of the patients to the hospital
environment., The more regressed patlents respond at lower rates,
with a longer amount of time spent in psychotic distractions during
each session, and with longer mean inter-response times.

Consideration of Table 2 also permits an evaluation of the dif-
ferent reinforcers with respect to thelr relative efficiency in
predicting hospltal adjustment. Reinforcement with male nude pic-
tures produces the highest and most significant correlations with
ward behavior for male patients. Why this 1s so is not qulte clear
to us. It might have something to do with the degree of homosexual

6. Lindsley, Ogden R. Progress Report I, Research Grant MH-977,
NMational Institute of Mental Health, National Institutes of
Health, Public Health Service, Behavior Research Laboratory,
Harvard Medical School, VWaltham, Massachusetts, June 1956.
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Table 2

Summary of the Kendall rank correlation coefficients (Tau) between
the median of the first ten weekly ratings of ward behavior using
the Lucero-Meyer Behavior Scale and the medians of three measures
of the rate of response for the first ten sessions of one-minute
variable-interval reinforcement with five different reinforcers.
The correlations of the ward behavlior ratings with the medlan rate
of response measures during the first ten extinction sessions are
also presented. The P value of the significance (two-talled test)
of each correlation coefficient 1s entered in parentheses under
each coefficient. The number of patients involved in each correl-
ation is entered under "N". All patients were male chronic psy-
chotics.

Reinforcer N Responses/Hr. ZIRT>10" Mean IRT>10"
Candy 3, . Tau = +.30 -3l -.30
P = (.02) (.005) (.01)
Male Nudes 30 +.419 -.50 -.
(.0001) ( .0001) (.001)
Female Nudes 21 +.16 -.38 -¢33
(.0003) (.003) (.009)
5/ Pieces 28 +.140 -.30 -3l
(.003) (.03) (.01)
Feeding Kitten 23 +.28 -.11 -6
Extinction 26 +.33 -.21 -.25

(.02) (+13) (.07)
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adjustment, ability to tolerate "homosexual shock," etc. Until we
can obtain objective measures of these implied variables we must
withhold interpretation. Reinforcement with female nude pictures

is the second best predictor with money reinforcement and candy re-
inforcement tied for third place. It 1s important to note here
that, although reinforcement with male and female nude pictures
produced higher correlations with ratings of ward behavior than re-
inforcement with candy, the rates of response themselves were lower
than with candy reinforcement. Also the differences iIn the correl-
ations and thelr significances were not too great. This means that
1f we want to predict ward behavior we might get higher correlations
using male or lemale nude pictures as reinforcers than by using
candy relnforcement. But, if we want the most uselul operant be-
havior, without prior knowledge of individual differences, candy

Ts still the best general reinforcer for use with chronic agult psy-
chotics. The extinction rate has more predictive value than the
rate of response to feed the kitten whilch fell in last place with
correlations that cannot be considered predictive or significant.

Consideration of Table 2 also permits an evaluation of the
three measures of rate of response (median responses/hour, ¢ IRT >10",
and mean IRT >10") w Tespect to their relative efficlency in pre-
digting hospital adjustment. The median number of responses/hour
was perhaps—the most efficient since, In [ out of 6 cases,it pro-
dﬁE6a”EIEEE?‘Eﬁu"m6?3—§IgHITIEEHf_‘_T?§IE$IEE§‘THEE_HTH—Eﬁ3'median

an & mealan mean IRT >10". The median £ IRT > 10"

ranks in second position since it is the most predictive for rein-

forcement with candy and male nudes, and is superior to the median
mean IRT >10" in 3 cases.

In summary, the grouped data show that candy 1s the best gen-
eral reinforcer (of those we have investigated] to use in further
research. The distribution of rates 1t produces in chronic adult
psychotics, although skewed to the left in comparison with the
distributions of psychotic children responding for candy,
normal dogs responding for meat and grain, and normal adults
responding for money, shows useful rates with most of the patients.
Normals tend to refuse To participate in the experiment during '
experimental extinction, whereas patients do not. Many patients
extinguish very slowly, if at all. Psychotic children respond at
higher rates for candy reinforcement than do psychotic adults,
their distributions approximating those of normal dogs for meat
and grain, and normal adults for money. The conditioned rein-
forcers produced lower rates of response and bi-modal distribu-
tions in comparison with the unconditioned reinforcer (candy)
with chronic psychotic adults.
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1.5 Exploration of Reinforcers - Individual Motivation Profiles:

One important advantage of the free operant mefhod of be-
havioral investigation is that the data are usually so reliable

and sensitive that significant results can be obtained from the
intensive investIgation of single individuals. This advantage is
doubly Important in the analysis of psychosls, where the problem
might be considered as one of individuvual differences. The clinician
Instinctively knows this, as the large number of individual case
histories 1n the psychlatric literature testify. Since our data

can be treated individually without losing significance and reli-
ability, and since we have studied a large enough group of subjects
under standard conditions to permit conclusions concerning groups

of psychotics, we are in a position to compare the individual treat-
ment with a grouped treatment of our data.

In the previous section (l.h) the conclusions drawn from the
grouped data of 23 chronic psychotics in an analysis of the effects
of 5 different reinforcers were presented. The grouped data sup-
ported some of the theoretical generalizations concerning the mo-
tivation of a population of chronic psychotics. In this section
the same results are treated individually, and quite different con-
clusions are made concerning the behavior of individuwal psychotlcs.
We feel that the conclusions drawn from grouped data are useful
if one must make blind predictions concerning groups of patients
with very little information concerning the individual behavior
of each patient. However, we consider individualized treatment
essential in the diagnosis and prognosis of individual patients and
above all 1iIn the analysis of psychosis itself. These data concern-
ing the responses of chronic psychotics to several different rein-
forcers provide a "case hi§§ggxﬂ_Lp show the different kinds of con-
clusions that will be made Ifrom an individualized treatment com-
pared to a grouped treatment of the same set of data.

Figures 5 through 9 present individual rate-of-response pro-
files for each of the 23 patients under each experimental condition.
The median number of responses per hour for each reinforclng agent
are plotted on a logarithmic scale with the categories of "zero
responses per hour" and "refusal to enter the experimental room"
entered as separate points on the bottom of the scale. The rein-
forcing agents are ordered along the abscissa, from left to right,
in order of the median number of responses per hour for the group
of 23 patients. The median rate during extinction (EXT) was 3 res-
ponses per hour. The median rate to feed the kitten (FK) was 15
Resps/Hr. The medlan rate for five~cent pieces (5¢) was L1 Resps/Hr.
For female nude pictures (FN) it was Tl Resps/Hr., and for male
nude pictures (MN) it was 92 Resps/Hr. The median rate for candy
reinforcement (CAN) was 201 Resps/Hr. These group me are
plotted on Figure 5 as heavy black circles connected by a double
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line. The line drawn across each graph at approximately G00
Resps/Hr. répresents the lowest rate at which any normal res-
ponded for TIve-cent pieces, and can be considered a crude '"normal
cut-off point". TIn all cases (except extinction) the reinforce-
ments were presented on a one-minute variable-interval schedule.
The different profiles are labelled with the patients' laboratory
number and an abbreviation of the patients! psychiatric diagnosis.
The abbreviations are: PSY - psychosis, undifferentiated type;

PN - psychoneurotic; EP - psychosis with eplilepsy; AL - Alcoholic
psychosis; DPU - Dementia Praecox, undifferentiated type; DPP -
Dementia Praecox, paranoid type; DPC - Dementia Praecox, catatonic
type; DPH - Dementia Praecox, hebephrenic type; DPO - Dementia Praecox,
other types; and DEF - Mentally Defective with psychosis. The
group medians for all 23 patients are labelled "GP M4d".

A glance through the five graphs will show that many of the
patients have quite different patterns or profiles of response to
the different reinforcers. These individual differences in the pro-
fileg are so great that it is very difficult to group them into
clusters of similar profiles., We have done the best we could in
Figures 5 through 9. Figure 5 contains the group median profile
and the profiles for five patients that responded at low rates dur-
ing extinction, at higher rates for the conditioned reinforcers
and at their highest rates for female nudes (FN) and candy (CAN).
All 5 patients responded at lower rates for male nudes (MN) than
they did for female nudes (FN). They might be described as having
& low over-all motivation with less homosexual than heterosexual
interest.

In Figure 6 are presented the profiles of | patients who res-
ponded at relatively high rates of response for five-cent pieces,
female nudes, male nudes and candy, but at a very low rate to feed
the kitten (in three cases below their extinction rate). These
patients might be loosely described as having little succor, or
as selfish. All || responded at slightly lower rates for male nudes
than for female nudes. They clearly responded at high rates for
the five-cent pileces, showing they were able to respond for one
type of conditioned reinforcer,

Figure 7 contains the profiles of 5 patients who responded at
low rates for female nude pictures (FN). Two of these patients
responded at higher rates for male nudes (MN) showing a significant
homosexual pictorial interest. Both of these patients had been ob-
served engaging in homosexual practices within the hospltal. Ac-
tually the profiles of P10 and P32 might have been placed in Figure
5, since they are very similar to the profiles presented there,

but they were presented in this figure to facilitate reading the
graphs.

Figure 8 contains the profiles of 5 patients who responded at
moderately high rates for all the reinforcers used. Three of these
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patients (P7, P31l and P32) also responded at high rates during ex-

tinction. When extinction was contimued longer than ten experimen-
tal sessions, the rates of response of all three of these patients

slowly dropped to low values. Therefore, these % patients are pa-

tients who extinguish slowly.

Figure 9 contains the proflles of i patients with quite differ-
ent profiles. P38 responded at a very high rate for all the rein-
forcers except candy. P9 responded at a high rate for all the rein-
forcers except five-cent pieces, showing an inability to respond to
the most purely conditioned reinforcer. P18 responded for male nudes
(MN), candy (CAN) or to feed the kitten (FK) only, and Pl3 responded
only for female nudes (FN) or to feed the kitten (FK).

In summary, the individual profiles of rates of response for
the 5 different reinforcers show at least 8 significantly different
pat?gzgg_gi;maiixazion. These patterns - low altruistic Interest
(FK), low sexual interest (FN and MN), low rate for conditioned re-
inforcement (5¢), low heterosexual interest (FN), low homosexual in-
terest (MN), low candy motivation (CAN), low over-all motivation
(FK, 5¢ FN, MN, and CAN), and a high extinction rate (EXT) - should
prove useful in dlagnosis and research. These individual profiles
seem to be very stable and can be altered by the administration of
certain drugs. (Chlorpromazine has sharply reduce e rate © es-

pohse for male and female nudes without altering the rate for candy
reinforcers in two patients.)

Some of the individual profiles support theories of motivational
féct of socially con one orcers (money), low succor or al-
trulsm (feedinZ tno Ritten), and sexual deviafions (male and female
nudes). It may be important to note that our grouped data support
theories presented by individuals who have engaged in group research
and prediction and our individual profiles support notions pre-
sented by clinicians experienced in dealing with individual psy-
chotics. Some of the controversies that have raged about the eti-

ology and nature of psychosis might be clarified if we asked, "Are
you talking about a type of patient, or psychotics in general?"

: It is our feeling that unless one is primarily interested in
hospital blometrics, it is much sg£%2_;g_g;ilizg_nasﬁangh_dggigns
that will permit the individual an8lysis of data when one investi-
gates the therapy and nature of psychosis. When we are able to group
psychotic patients into homogeneous categories with respect to be-
havior anomalies before we proceed with our research, we can then

use the more economiIcal small group research designs. However,

much research will have to be done before this information will be
available.
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In this connection it is interesting to note that the psychia-
tric diagnoses (labelled on each profile) would have been very
poor predictors of the level or profile of motivation we recorded
from our patients.

1.6 Analysis of Tmmediate Use of Reinforcer:

Since the majority of our patients are not verbally coherent,
we have no easy way of determining "what the reinforcement means to
the patient."  Even 1f the patients were coherent, we would be caught
up In the extremely difficult analysis of the patients words, which
in themselves might "mean" different things to the patient than they
do to us. Our way of measuring the “meaningﬂ_g;_ﬂxgl%g%ﬁgfﬁfgg re-
inforcer to the patient 1s to measure the frequency o e pbehavior
he will emlIt In order to get the reinforcing agent. The advantages

oI Thls tType ol objective measurement are obvious and we feel they
have been demonstrated in the success of our research to date.

There are other responses of the patient to the reinforcing
agent that we can record., Although it is less objective than our
automatic recording of the patients! rates of knob-pulling to ob-
tain the reinforcer, we can observe what the patlients do with the
reinforcers after they have been delivered. We have done this with
respect to candy reinforcers delivered on a one-minute variable-
Interval schedule. For analysis we broke the patients into two
groups: 1) those who ingested each piece of candy as it was deliv-
ered, and 2) those who hoarded some of the candy and took it back
to the wards with them. We have not had the facilities to observe
what the "hoarder" patients did with the candy when they were back
on the wards. We do know that some of them saved it to eat later,
some gave 1t to other patients, and others used it to purchase fav-
ors from other patients. One patient was once observed throwing
some of his candy down the toilet.

Table % presents three rate-of-response measures together with
the median age, years hospitalization and ward behavior rating for
these two groups of patients, the ingesters and the hoarders.

Note that the hoarders had approxima%eiy the same medlan age and were
hospitalized about the same length of time as the patients who inges-
ted the candy immediatel The hoarders responded at significantly
higher rates and spent time in pauses greatér than ten seconds
than did the ingesters. rior to this observation one might have
argued that the patients who ate the candy immediately had a greater
"motivation" for the candy and would respond at higher rates to get
it. However, this was not the case; the hoarders were less-disturbed
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Table 3

Patients that ingested all their candy compared with those that
saved some of their candy with respect to: 1) the median number

of responses per hour (R/Hr.), 2) the median sum of the inter-res-
ponse times greater than ten seconds (2 IRT:>-10") and 3) the median
number of inter-response times greater than ten seconds (#IRT>10") -
for the first 10 hours of reinforcement with candy on a one-minute
variable-interval reinforcement schedule, li) the patients age, 5) the
total years hospitalization, and 6) the patient's ward behavior as
rated on the Lucero-Meyer rating scale (LMBS). P values obtained
from two-tailed median tests are entered between significantly dif-
ferent entries.

N % R/Hr. ZIRT 10" #IRT>>10" AGE YRS. LMBS

HSP.
Patients

that inges-

o3 ot 18 66 68 521 25 Lo 16 1.9
candy

P Value ,01 .07 -_— ——— ——- .0l
Patients

that saved 9 33 772 781 L7 %9 19 32

some candy
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patients who responded at high rates and received higher ratings
of ward behavior as measured by the Lucero-Meyer behavior scale.
The ratings given in the table are medians of the medlan rating of
the first ten ratings made at weekly intervals by attendants who
were ignorant of the patients' operant behavior.

The low rates of response of the ingesters are not caused by
the time in reaching for the candy and placing it in their mouth
after each reinforcement because the recording apparatus is in-
operative for 5 seconds after each reinforcement. This time is auto-
matically "deducted" from each record and does not appear in the
rate of response calculations. The 5 seconds "time-out" after each
reinforcement is ample for the ingestion of the candy in most cases.
Also, a large percentage of the very long pauses in responding
taken by the 1ngesters do not occur immediately after reinforcement,
so these long pauses could not be attributable to the presentation
or ingestion of the candy. Rather the very long pauses seem to be
a property of severe psychosis which also 1s related to an in-
abllity to hoard. Additional evidence for this interpretation is
provided by the observation that the ingesters displayed significant-
ly more regressed behavior on the wards. '

1.7 Feeding a Kitten - a Social Relnforcer:

We have long planned to systematically investigate elementary
forms of social behavior. Our approach is to start with the sim-
plest social situations that we can instrument and then slowly pro-
ceed with our analysis to more complex situations more in accord
with what most psychologists mean by "social." In our search for
useful reinforcers we felt that some of the patients might not res-
pond to produce a positive reinforcer for themselves, but they might
respond to produce one for another organism. In non-technical terms,
even though they have "guilt," they might respond to give "charity"
or "help" to anothér organism. Also, it is a common hospital ob-
servation that some of the sickest mental patients will not feed
themselves, but will not let an animal pet die - they continue to
feed it long after they won't feed themselves.

In an attempt to utilize such reinforcing properties in our
investigations, we conditioned a small, hungry kitten to drink milk
when a dipper was automatically presented. The kitten was in a
cage with a plexi-glass front behind the manipulandum panel and was
visible to the patients as they responded inside one of the experi-
mental rooms. Twenty-three patients responded for ten hours each on
a one-minute variable-interval schedule of reinforcement. Each time
a patient was reinforced, the lights in the room went out and a dip-
. per of milk was presented to the hungry kitten for five seconds.
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The kitten was well conditioned, and in our many observations we
never observed the kitten refusing to drink the milk. The reinforce-
ment to the patient was observing the kitten drinking milk that the
patient's responding had produced for the kitten. The kitten soon
learned to face the patient and "meow" and scratch the back of the
window with his paw to "beg" for the milk except when it was drink-
ing from the dlpper. Several of the patients talked to the kitten
while they were responding, saying things like, "Pretty little-
kitty. You're hungry, I'1ll get some milk for you...There, isn't

that good..Ha, ha, ha...That!'s good, pretty little kitty...Ha, ha, ha
eee Two patients swore continually at the kitten and struck the
plexi-glass window with the chalr. One paranoid patlent kept say-
ing that the kitten was the devll and that it was saying bad things
about him and had gotten him into the hospital, etc,

If the kitten was not hungry when placed in the apparatus, the
patients who had responded to feed the kitten stopped responding.
This showed that it was the kitten's drinking behavior that was re-
inforcing to the patients and not just the presentation of the dip-
per or the darkening of the room. Because the behavior of the kitten
(another organism) is what reinforced the patients, we call this a
social reinforcer - a very elementary form of social behavior. It
is true that one organism involved 1s infra-human, but, using Skinner's
definition’, the situation is definitely social.

Three of the patients (13%) responded at a higher rate to feed
the kitten than they did for any of the other reinforcers. One of
these had responded at a zero rate of response for the other rein-
forcers, so this was the only patient who gave the expected result -
he responded to produce a positive reinforcer for another organism
when he would not respond to produce a positive reinforcer for him-
self. Seven patients (30%) responded to feed the kitten at rates
that were above their extinction rates, showing that feeding the
kitten was reinforcing to them. Thirteen patients (57%) responded
at rates equal to or below their extinction rates when feeding the
kitten, showling that feeding the kitten was elther non-reinforcing
or aversive to them. - : S :

In order to show more clearly that feeding the kitten could act.
as a reinforcer with some patients, we reinforced two patients
(P-9 and P-33) for 50 hours on the one-minute variable-~interval
schedule of reinforcement followed by [0 hours of extinction. Dur-
ing extinction, the kitten's milk-dipper was made inoperative so that

7o Skinner, B. F. Science and'Human Behavior. New York: Mac
Millan, 1953, p. 297-30u7 ’
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the kitten did not receive any milk during extinction. The kitten
was hungry, however, and continued to "meow" and scratch at the
plexi-glass window throughout these extinction sessions. These re-~
sults are presented in detall in Figure 10 where the responses per
hour are plotted against experimental sessions for each patient.

P-9 responded at rates around 300 responses per hour with a range

of about 200 responses per hour. P~3% responded at rates around
5,000 responses per hour with a range of about 8,000 responses per
hour. Note the seven days of acquisitlion shown by P-9 and the
rhythmical “eycles" in rate of response shown by both patients. We
have noted these rhythms in the behavior of many patients responding
for all types of reinforcement. To date, we have not been able to
relate these rhythmlcal changes to any other variables other than
observations of ward behavior. The important point shown in Figure
10 is that the knob-pulling behavior of both patients was maintained
at relatively high rates for 50 experimental sessions by reinforce-
ment wlth the kitten's drinking behavior. When the kitten did not
drink (extinction), both rates of response fell to significantly
low values within 20 sessions, generating characteristic extinc-
tion curves.

In summary, 13% of the patients responded at their highest rate
of response to feed the kitten, 30% responded at rates above their
extinction rates, showing that feeding the kitten was reinforcing
to them also, and 57% of the patients responded at rates equal to
or below their extinction rates, showing that feedlng the kitten
was not reinforcing to them. The reinforcement of feeding the kit-
ten maintained the behavior of two patients for 50 experimental ses-
sions (10 weeks) at relatively high rates of response, followed by a
reduction in rate 1in approximately 20 extinction sessions. '

1.8 Behavior Data Card:

Initially we wrote important observations of the patients! be-
havior and counter readings, etc., directly on the cumulative rec-
ords of each experimental session. Since the foot-long cumulative
records were so troublesome to handle, later statistical analysis
was very difficult. Also, as the research progressed, more and more
information was being written on each record, until the final re-
sult was very confusing.

In an attempt to overcome this difficulty, the 8 x 5 inch be-
havior data card shown in Figure 11 was developed. The front of
the card has space in the upper left hand corner for the patient's
laboratory number, name, and the initials of the experimenter. Im-
mediately under these entries is space for printing the date and
time that the experimental session was finished by inserting the
card in a small IBM time clock (Type 780). The cumulative record-
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LAB # PATIENT'S NAME EXPTR DURATION ROOM EXPTL. II.'lON‘

APPARATUSB FAILURE:
WITHDRAWAL REASON:

DATE FINISH TIME

(KOUWBR#— R# R# R 000000 TIME AFTER
n
8 TIME BEFORE
SCHED . I IRT > 10"
L]

#8 # IRT > 10"

#R M IRT > 10"

RESPONSES: HAND L R. FOOT L R, ELBOW L R. RESPONDING THRU 8", STEREOTYPY: R # HAND

BEHAVIOR IN PAUSES: VERBAL-YELLING, SINGING, WHISTLING, LAUGHING, CRYING, TALKING, NOISES, SILENT

MOTOR-DESTRUCTION, PACING, STANDING, S8ITTING, READING. GESTURING, TINKERING, MAST., UNDRESS, IMMOBILE

CONDIT. OF ROOM: SMEAR. DEFECAT, URINAT, VOMIT, PAPER, CLOTHING, 8" LEFT #. TYPES
COMMENTS:
BEH. RES. LAB FORM 1
LEFT WARD: RE_F. REASON PYS. LOUNGE: DESTRUCTIVE, ASSAULTIVE, PACING, STANDING,
LED, TALKED INTO IT, READILY, JUMPED UP, WALKED AHEAD. SITTING, READING, GESTURING, IMMOBILE, HALLUCINATING
. .
SILENT, SAID - SILENT, YELLING, SINGING, WHISTLING, LAUGHING, CRYING,

‘APPROACH: REF, REASON SOC. TALKING. NOISES.

LED, TALKED INTO IT, READILY, JUMPED UP, WALKED AHEAD. RETURN: REF. REASON
SILENT, SAID . RESPONDING AFTER EXPT, LED, READILY, JUMPED UP, WALKED

AHEAD. SILENT, SAID

CLINICAL EXAM: REFUSED, NURSE

BODY WT. LBS oz THIN O.K. FAT
TEMP ___°F RECTAL. ORAL., PULSE _______ /MIN
EYES: INF RED WATERY CLEAR BP __/___ MM.
HANDS: INF cuT DIRTY CLEAN NAILS TRIMMED
QUMS: HEM LES LAC ANEMIC CLEAR

THROAT: INF LES RAW ANEMIC CLEAR

TEETH: ABCESS CAVITIES FALSE NONE
COMMENTS:

FIGURE 11
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ing is also stamped at the same time, insuring that the behavior
data card and the cumulative recording for each experimental ses-
sion are accurately stamped with the date and time. In the upper
right hand corner are spaces for writing the duration of the exper-
imental session, the number of the experimental room in which the
session was conducted and the number of the experimental session
for this particular patient. The cards are filed by patient labor-
atory number and the egperimental session number, as are also the
cumulative recordings. The upper right hand corner also provides
space for describing apparatus failures9 or the reason that & pa-
tient might withdraw from the room before the end of the session.

Space on the front of the card 1s also provided for the num-
ber and type of manipulanda used (R#), the reinforcer used (SR), the
number of reinforcements delivered (#SR), and the number of res-
ponses made (#R). Four separate columns for these entries permit
the data from a wide variety of experimental situations to be des-
cribed and recorded. A fifth column is provided for recording the
sum and number of Inter-response times greater than ten seconds.
The reading of the timer that records the total duration of inter-
response times greater than ten seconds is entered at "time before"
before the experimental session and at "time after" at the end of
the session. The difference between these two readings is the sum
of the Inter-response times greater than ten seconds and 1s entered
in the space labelled " sIRT>10%" The reading of the counter that

8. We have found the leatherette legal-size vertical file pockets,
manufactured by the Smead Manufacturing Co., Hastings, Minnesota,
(File Pocket No. 1-2370E) to be very satisfactory containers
for filing the cumulative response records. The pockets are
long enough (15 inches) to handle hour-long records without
crimping the edges, and the expandable slides and bottom prevent
the records from sliding out as they do in standard office-
type manila folders.

9. TUsing our present apparatus and one technician collecting 30
patient-hours of data per day with the help of another tech-
nician who constructs and repairs apparatus, we experience
approximately 60 apparatus failures (including pen clogging,
etc.) and ;0 human errors in 1,000 patient hours of data col-
lected over a period of 8 months. Since our recorders run in
parallel with the counters, a large percentage of these fail-
ures and errors are corrected by analyzing the data, and the
experimental design 1s not threatened.
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records the number of inter-response times greater than ten sec-

onds is entered in the space labelled "#IRT >10W" and the mean inter-
response time greater than ten seconds can be computed by dividing
the < IRT >10" by the #IRT >10" and entered in the space labelled

"M IRT>1Q0"M

The bottom of the front of the card contains words that may be
circled to describe what the experimenter observes when he looks at
the patient throuﬁh the periscope during each experimental session.
After "Responses,"” the experimenter can circle the word describing
which extremity the patient used to make his responses. If the
patient responded through the 5-second magazine cycle (when no
responses are ever reinforced) "responding through SR" is circled
and the reading of a counter which records the number of responses
made during this time 1s entered immediately above these words. If
the patlent responded iIn a stereotyped fashion on two or more man-
ipulanda, the pattern of this stereotype 1s written in the space
labelled "R# hand oM

The words describing the particular behavior (both verbal and
motor) of the patient when he 1s not responding may be circled after
"behavior in pauses." These words describe the particular psychotic
symptoms that the patients engage in when they are not pulling the
knobs. Additional descriptlons may be entered in the space labelled
"comments" at the bottom of the card. The condition of the room
can be cilrcled after "condition of room" where smearing, defecation,
urination, vomit, torn scraps of paper or clothing may be described.
If the patlient left any reinforcers in the room, the number and
types that were left are entered in the space labelled "SR left
# Types M

On the back of the card the words describing the patient's be-
havior when he left the ward, when he was in the patients! lounge
(laboratory waiting room), when he approached the experimental room,
and when he returned to the lounge from the experimental room may
be circled. There 1is space to write the patient's reason for re-
fusing at any stage and what the patient spontaneously saild while
belng transported. : '

The results of a cursory physical examination that 1s conduct-
ed on each patient each day that he is studied are also entered on
the back of the card. We have found this physical examination im-
portant because in a large, under-staffed state hospital a few
patients develop minor physical illness that would definitely inter-
fere with their experimental behavior. These 1llnesses would go
unnotlced if we did not provide thils examination as a precaution.
The attendants on the wards do not conduct such thorough examina-
tions on each patient each day, and we would like to be able to show
that decreases in rate of response and the rhythmical changes in
the behavior of some patients were not correlated with an Increase
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records the number of inter-response times greater than ten sec-

onds is entered in the space labelled "#IRT »L1OW" and the mean inter-
response time greater than ten seconds can be computed by dividing
the < IRT >10" by the #IRT >10" and entered in the space labelled

"M IRT>10""

The bottom of the front of the card contains words that may be
circled to describe what the experimenter observes when he looks at
the patient throuﬁh the periscope during each experimental session.
After "Responses," the experimenter can circle the word describing
which extremity the patient used to make his responses. If the
patient responded through the 5-second magazine cycle (when no
responses are ever reinforced) "responding through SR" is circled
and the reading of a counter which records the number of responses
made during this time is entered immediately above these words. If
the patient responded in a stereotyped fashion on two or more man-
ipulanda, the pattern of this stereotype is written in the space
labelled "R# hand

The words describing the particular behavior (both verbal and
motor) of the patient when he is not responding may be circled after
"behavior in pauses." These words describe the particular psychotic
symptoms that the patients engage in when they are not pulling the
knobs. Additlonal descriptions may be entered in the space labelled

"comments" at the bottom of the card. The condition of the room
can be circled after "condition of room" where smearing, defecation,
urination, vomit, torn scraps of paper or clothing may be described.
If the patient left any reinforcers in the room, the number and
types that were left are entered in the space labelled "SR left

# Types

On the back of the card the words describing the patient's be-
havior when he left the ward, when he was in the patients'!' lounge
(laboratory waiting room), when he approached the experimental room,
and when he returned to the lounge from the experimental room may
be circled. There 1s space to write the patient's reason for re-
fusing at any stage and what the patient spontaneously sald while
being transported.

The results of a cursory physical examination that is conduct-
ed on each patient each day that he is studied are also entered on
the back of the card. We have found this physical examination im-
portant because in a large, under-staffed state hosplital a few
patients develop minor physical illness that would definitely inter-
fere with their experimental behavior. These 1llnesses would go
unnoticed if we did not provide thls examination as a precaution.
The attendants on the wards do not conduct such thorough examina-
tions on each patient each day, and we would like to be able to show
that decreases in rate of response and the rhythmical changes in
the behavior of some patients were not correlated with an increase
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in physical illness symptoms. Since we have been routinely exam-
ining our patients, we have sent three patients to the hospital
medical wards (two with pneumonia and one with hepatitis). Addition-
al space is provided on the back of the card for listing important
observations that had not been anticipated in the body of the card.

This card has been in use since 17 August 1955 and has greatly
facilitated our data collecting and processing. The descriptive
items are, of course, not as objective as the counter and timer
readings, but they are useful first-approximations and provide a
way of measuring relationships, like the increase in defecation and
urination that we have observed in some patients during experi-
mental extinction. The next step, of course, is an IBM card, but:
our printed cards contain much more information than the 80 units
of information stored on one IBM card, and we have not yet stan-
dardized our experimental descriptive observations to the point that
we can adapt them to an IBM or Keysort system.

1.9 Development of Precise Manipulandum:

In free operant condltioning, the device that the subject man-
ipulates defines the response that is conditioned, and the lawful-
ness of the data collected. It is the point of contact between
the behaving subject and the automatic recording devices and can
serve as a source of experimental bias and variability. Therefore,
the deslign of this manipulandum 1s very lmportant. Although most
trained operant conditioners are aware of it, the problem of manip-
ulandum Srecision has not been extensively treated in the literature.
FersterlD has written the fullest description of the problems in-
volved in manipulanda design, but his specific suggestions apply
mostly to the design of pigeon manipulanda (keys). The manipulan-
dum should be constructed so that its rate of operation will be
stable under constant experimental conditions, and the limits of
its rate of operation should not be set by the physical properties
of the device. A manipulandum that fulfills these two requirements
we will term a precise manipulandum, since 1t selects an experimen-
tally useful response from the total behavior of the organism under
study with a high degree of precision. Although intuitive hunches
help In the design of a manipulandum, its degree of precision can
only be determined by experimental test. The manipulandum should

10, Ferster, C. B. The use of the free operant in the analysis
of behavior. Psychol. Bull., 1953, 50, 263-27..
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also be indestructable and easily serviced. It should also be
avallable in standard form, so that different laboratories can
collect similar responses. Early in the course of free-operant re-
search with humans a suitable precise manipulandum should be de-
veloped.

We designed and tested the precision of several intuitively
precise manipulanda for use with human subjects before we found one
that was experimentally precise. It also had the advantage that,
in spite of its delicate operating characteristics, it could with-
stand being struck by chairs, being urinated upon, and other on-
slaughts that deteriorated psychotics deliver to a manipulandum
without changing its operating characteristics. These are impor-
tant properties, because we wanted a manipulandum that could be
used without modification to study the behavior of any human, from
normal to extremely disturbed psychotic.

Figure 12 pictures three of the unsuitable manipulanda (1,2,3)
mounted on a display board with the precise manipulandum (L) that
we now use. The manipulanda labelled 1, 2, and 3 were relatively
indestructible and commercially avallable, but they did not pro-
duce stable rates of response from humans under constant experimen-
tal conditions., All three were sometimes operated by either hand,
sometimes by either foot, and on occasions with the elbows, knees,
head and chin of the patients. Under constant experimental con-
ditions, the rate of response varied depending upon which extremity
the subject was using to respond with at the time. Under the same
amount of motivation, a patient does not respond at the same rate
with his chin as he does with the palm of his hand. The manipulan-
dum labelled 2, had an additional defect. The device was construc-
ted so that the black knob could be turned - thus making it more
unsuitable. On intermittent schedules of reinforcement many of the
subjects (both normal and psychotic) would stop pushing the button
and turn it to varyling positions. It appeared they were attempt-
ing to "dial in" the reinforcer as one would turn the dial on a com-
bination lock. This "dialing" produced periods of no-responding
on records that would otherwise have been even rates if the knob
could not have been turned as is the case with manipulandum number l.

Figure 13 i1s a schematic drawing of manipulandum . If it is
mounted in a sloping manipulanda panel from the back (as shown in
Figure 12), the patient sees only a l-inch diameter brass knob that
cannot be turned or pushed in any direction. It can be pulled out

a distance of 10 mm. requiring a force of approximately 300 grams.
Since the knob cannot be turned, it eliminates superstitious "dial-
ing" responses. Since the knob must be pulled, it cannot be oper-
ated with any appendage except the left or right hand. At the
forces we have used, we have noticed no differences in the rate of
response of the left or right hand with any of our subjects - under

our conditions the two hands seem to be experimentally equivalent.
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The physical upper limit of operation was determined by asking
six normal subjects to pull the knob as fast as they could for one
minute. A prize was offered the subject who pulled it the most
times. Multiplying these numbers by 60 gave the theoretical max-
imum rate that the knob could be pulled by the human arm - these
theoretical upper limits of operation ranged from 13,000 to 21,000
responses per hour. The highest actually recorded rate of res-
ponse was 17,650 responses per hour produced by one normal adult
responding on a one-minute variable-interval schedule for five-
cent pieces. This highest rate was made on his 25th experimental
session on this schedule, showing what could have been an acquisition
of motor skill over the five~week period he had been responding.
Since most of the rates of response we usually obtain vary from O
to 10,000 responses per hour, we are working well below the upper
physical limit of the manipulandum. These properties combine to
make manipulandum number l} a sultably precise device to use in re-
cording human operant behavior.

The amount of actual work produced by subjects responding on
the manipulandum can be changed by adding springs (see below).
Using no spring, so that each response requires a force of 300 grams
through a distance of 10 mm., & patient responding at 10,000 res-
ponses per hour expends 199 foot 1lbs. of work per hour. This is
equal to approximately L,0% of the amount of work expended by an
average typist (60 words per minute) using a standard office-type
typewriter. This does not seem to be an inordinate amount of work,
and we have noticed very few fatigue effects until subjects respond
at rates close to 10,000 responses per hour for about 5 consecutive
hours. One subject was responding at rates above 3,000 responses per
hour after 8 continuous hours of responding.

The indestructibility of manipulandum number lp has been demon-
strated, since we have not had to repair one since we started using
them on 5 July 1955 and we have been using them 6 hours per day for
a 5-day week at rates of response up to 10,000 per hour. The oper-
ating characteristics of the manipulandum were not significantly
changed by such use, and we have recorded no significant difference
in the amount of force needed to pull the knob when the rod is oiled
or when it is dry. These observations attest to the servicability
of the manipulandum.

Provisions for recording different features of each response
have been provided in the design of the manipulandum. Figure 13
shows the mounting of two micro-switches which can be set to oper-
ate at any distance of travel of the manipulandum. We record
"partial responses"™ - a movement of the manipulandum out a distance
of 2 mm., and "full responses" - a movement of the manipulandum out
the full distance of 10 mm. We have reinforced "full responses"
only, but any combination could be reinforced on any schedule. We
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have been recording approaches to within 2 inches @f the knob by
using a tuned oscillator which is thrown out of balance by the ap-
proach of the human hand. The brass knob of the manipulandum 1is
used as the antenna of the osclllator.

Provlsions for modifying the nature of the response in a stan-
dard fashion have also been incorporated in the manipulandum design.
Different sized springs (labelled "S" in Figure 13) can be added
to increase the force needed to pull the knob, thus effectively
increasing the magnitude of each response. The manipulandum can be
locked, preventing the occurrence of a response, by dropping a pin
(labelled "P" in Figure 13) into the collar and through the manip-
wlandum rod. This can be done either manually or automatically
from behind the panel without disturbing a patient in the experi-
mental room. The manipulanda are constructed so that they may be
grouped side by slide as close as 3 inches between the centers of
the l-inch diameter knobs, for use 1n experiments involving more
than one manipulandum. An alternate locking device can be added to
the bottom of such "ganged" manipulanda, so that only one at a time

may be pulled out. This provision limits responses to the "either
but not both" type.

We have amassed over 5,000 patient-hours of data using this
manipulandum and have found nothing to indicate discontinuing its
use or modifying its design. It is now commercially availablell
and is being used by five other laboratories investigating human

operant behavior. This should provide a welcome uniformity in our
respectlve data.

1l1. From Ralph Gerbrands, Scientific Instruments, 96 Ronald Road,
Arlington, Mass. A complete manipulandum panel, including one
or more manipulanda, stimulus panels, and a magazine tray and
chute can be purchased from Robert C. Dalrymple, 30 Wyman Road,
Lexington, Mass.
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2,0 WORK IN PROGRESS

2.1 Teaching Functions:

The training of new personnel and the communicatlon of basic

research methods to interested workers in allled flelds are among
the functions of Government-sponsored research. The followilng
teaching functions have been performed during the period covered
by this report:

a)

b)

c)

Supervision of Individual Research:

Dr. Martha Mednick, a Public Health Service Postdoctoral Re-
search Fellow, has been using the laboratory facilities to
investigate various aspects of conditioned reinforcement
(conditioned gratification) with psychotic children. Drs.
Solomon and Skinner have sponsored this fellowship.

University Field Trips:

Invitations to visit the laboratory and hospital have been ex-
tended to the psychology departments of neighboring colleges
and universities. The following groups have visited the labor-
atory:

Brown University, survey course in psychology - 71 students
Harvard University natural science course - 90 students
M. I. T. psychology course - 35 students.

Lectures:

Descriptions of‘the method and results of our research have been
presented to the following groups (chronological order):

Colloquinm, Boston University

Colloquium, Dartmouth College

Seminar, Metropolitan State Hospital

Colloquiim, University of Massachusetts

Regional Research Conf., Amer. Psychiatric Assoc. _

Clinical Psychology Section, Walter Reed Hospltal, Wash-
ington, D. C.

Student Nurses, Metropolitan State Hospital

Meeting, American Psychological Association

Research Department, Upjohn & Co., Kalamazoo, Michigan

Seminar, West Haven V. A. Hospital, West Haven, Conn.
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d) Professional Visitors:

One hundred and three interested scientific workers have visited
our laboratory since 1 September 1955. They were conducted
through the hospital, were shown our apparatus and equipment,
and were shown the data in which they were most interested.

2.2 Intensive Analysis of Individual Patients:

An important phase of our research is the discovery of deviations
in the behavior of our patients and the attempt to overcome these
deviant behaviors with intensive training. Because the behavior of
many patients 1s so slowly modified, thils analysis demands long-term,
Intensive investigations (by psychological standards) with a few
patients. A summary of the long-term investigations we are now con-
ducting with eight patlents follows:

"— Number of
Patient Experimental '
Number Sessions Main Experimental Interest
1 350 Rate increase and cycles (Candy 1! VI)
36 1 50 " " n n
7 250 Extinction after variable-interval reinforcement
23 300 t n i " 1)
32 2 50 t? n te " "
22 350 Fixed-ratio 5 (pauses and rate increase)
31 250 " 1n it f t n
35 250 Fixed-ratio L0 " u " "

An estimate of the calendar time taken by these studies can be made by
observing the number of experimental sessions and realizing that we
collect about 250 sesslons per year. Ratings of the ward behavior
(using the Lucero-Meyer Behavior Rating Scale) are being collected ap-
proximately every week for correlation with the changes observed in
the experimental behavior of the above patients. Some of the pecullar
effects we are currently investigating are described following in
detail.
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The rate of response of our first patient (P-1l) steadily in-
creased for over 250 daily sessions on one-minute variable-interval
reinforcement with candy. Concurrently there appeared to be an in-
crease in the patient's adjustment to the hospital. The rate of
response decreased sharply during extinction and his behavior on the
wards deteriorated. He 1s currently not being studied in our ex-
perimental rooms while we rate his ward behavior periodically to
see 1f there are any "spontaneous" changes not related to the exper-
imental behavior. We later plan to reinforce the patient again with
candy in an attempt to reproduce the previously observed increase
in rate.

Another patient (P-36) appears to be going through a similar
long-term rate increase under one-minute variable-interval rein-
forcement with candy. This rate increase was predicted after ob-
serving a steady increase during the first 20 hours of conditioning.
We have recorded about 100 sessions so far and are also making
periodic ward behavior ratings. Perhaps the results obtained with
P-1 can be reproduced with P-3%6.

Another patient (P-32) also steadily increased his rate of res-
ponse on one-minute variable-interval reinforcement with candy dur-
ing the first 20 sessions. e predicted a steady rate increase
which was verified during the first 50 sessions. The rate was re-
duced during the next 90 sessions by extinction. The rate was again
increased for the next 50 sessions by one-minute variable-interval
candy reinforcement. It was again reduced during the next 100 ses-
sions by extinction. The plan i1s now to reinforce the patient for
approximately 250 sessions to see if the rate will continue to in-
crease as did the rate of P-1 and P-36. If this occurs, we will
have shown that the very high rates produced by the long-term con-
ditioning of patients of this type are due to a long continuous pre-
vious history of reinforcement, rather than just a long previous
history of experimentation wilthin the room. Xeeping the rate at low
values by alternating reinforcement and extinction with P-32 for the
first 300 sessions has shown that just a long number of hours of
previous experimentation is not ample to produce high rates of res-
ponse during reinforcement.

Another patient (P-23%) has responded for over 230 hours (one
hour per day) in extinction (no reinforcement) without any decrease
in his rate of response. We are currently attempting to determine
whether this continued responding is due to a general inability to
extinguish, or whether 1t is due to some source of hidden reinforce-
ment in our experimental situation. This is a very important be-
havior anomaly to investigate because 1) no cases of the fallure
to extinguish following positive reinforcement have been reported
in the psychological literature, 2) if this patient truly can modify
his behavior as a result of the presentation of reinforcers (rein-
forcement), but does not modify his behavior when the reinforcers
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are withheld (extinction), then one of the most general theories

of experimental psychology will be embarrassed - the notion that
acquisition and extinction are actually the same process and are
accomplished by the same mechanism. Acquisition is learning to
respond, and extinction is simply learning not to respond, and 3)
this fallure to extinguish might typify a clear-cut behavioral
anomaly. Such a functional deficit 1s the kind of behavioral symp-
tom we are seeking in our analysis of psychosis.

To date we have shown that this high rate of response can be
naintained at rates above 6,000 responses per hour for years with-
out reinforcement. Other patients conditioned with the same sched-
ule and reinforcing agent stop responding very soon after they are
no longer reinforced. We have also shown that this high extinction
rate does not generallize to two other similar experimental rooms.
This means that the patient is not responding at a high rate "just
to please us" or because "he thinks he has to," because he only res-
ponds at a high rate in the room where he was once reinforced. We
intend to slow down this high extinction rate by reinforcing res-
ponses made after long pauses (differential reinforcement of low
rates - DRL). If this 1s possible, it will demonstrate the important
point that even though the patient's rate of response does not drop
during extinction, his responding is still controlled by the pre-
sentation of positive reinforcers. Then it will be clear that his
"reinforcer" is working but that his "extinguisher" is broken.

One patient (P-35) has shown long-term (60 to 70 day) rhythms
in his rate of response, the percentage of long pauses after rein-
forcement, and his ward behavior ratings while he was responding on
a fixed-ratio schedule for candy reinforcement. It might be possible
to correlate these three measures at the different points of the
patient's symptomatic cycles.

2.3 Effects of Chlorpromazine:

To date 6 patients have been placed on chlorpromazine medica-
tion while we were studying their experimental behavior. Since the
drug is supposed to reduce the severity of psychotic symptoms, it
might permit patients to respond at higher rates by reducing the
amount of time they spend engaging in their psychotic behavior dur-
ing each experimental session. This seems to be true with some
patients, but it does not seem to be the case with others. We have
not yet made enough observations on a large enough sample of patients
responding for the same reinforcer on the same schedule to enable
us to evaluate the differences in response to chlorpromazine between
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-different patients. However, the evidence to date suggests that
there are great individual differences in response to the drug.
Whether some of these patients are placebo-reactors cannot be answer-
ed until we run the necessary controls with other medications. A
few examples of the results we have to date are described below.

P-Li2 is a }3-year-old male chronic psychotic who has been hos-
pitalized continuously for 11 years. He was dlagnosed dementia
praecox, catatonic type, at admission and received a bilateral, pre-
fontal lobotomy 7 years ago. He lives on a locked ward, and his
personal habits are about average for a mental patient. He halluc-
inates almost continuously and is abusive to and swears at almost
everyone that passes by. His ward behavior was rated 2.5 to 2.7
on a scale from 1.0 (regressed) to 5.0 (normal) using the Lucero-
Meyer behavior scale, and he responded at a median rate of 20 res-
ponses per hour on one-minute variable-interval candy reinforcement
for 1l} experimental sessions before he was placed on chlorpromazine
medication.

He was given 150 mg. of chlorpromazine daily (50 mg. tid) for
the next 58 experimental sessions. During this period of time his
rate of response increased from 20 responses per hour to a median
of 170 responses per hour for the last ten sessions, with no sig-
nificant change in his ward behavior ratings. He was then placed
on 300 mg. per day for 8 sessions, and 600 mg. per day for 6 ses-
sions, followed by 900 mg. per day for LO sessions. His rate of res-
ponse had fallen to a median of 75 responses per hour during the
last 20 sessions on 900 mg. per day of chlorpromazine (300 mg. tid).
His ward behavior ratings did not significantly change, ranging
from 2.3 to 2.9 during the entire course of medication. The patient
was less abusive to passers~by, talked more softly and was less ac-
tive than prior to medication, but he was no better adjusted to the
hospital environment. Although he still responds at a moderate rate
for the candy reinforcers, his rate was much higher under 150 mg.
per day medication. We plan to terminate medication soon, to see
what the effect will be on his experimental behavior.

P-ly)y is a 53-year-old male chronic psychotic who has been hos-
pitalized continuously for the last 3l years. He left the second
grade at the age of 1l and was diagnhosed catatonic on admission.

He lives on the regressed ward and often urinates or defecates in
his trousers and bedding. He characteristically says nothing, will
not answer when spoken to, and spends most of his day standing
around the ward in a stooped position. Several times he has been
struck in the face by disturbed patients and he did not even move
away or flinch from the blow. His ward behavior ratings ranged
from 1. to 1.9 on the Lucero-Meyer scale and he responded at a
median rate of zero for candy and female nude pictures presented on
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the one-minute variable-interval schedule for 13 experimental ses-
sions prior to medication.

He was placed on 150 mg. per day (50 mg. tid) of chlorpromazine
for 30 sessions, and his rate of response for candy and five-cent
pleces was increased to a median of 15 responses per hour for the
last 10 sessions with a range of 0 to 355 responses per hour. He
was then placed on 300 mg. per day for 31 sessions, and his rate of
response increased to a median value of 165 with a range from 3 to
60l for the last 20 sessions. The ratings of his ward behavior
(ranging from 1.5 to 2.0) were not significantly changed during this
period. When taken off medlication, his rate of response abruptly
fell to 0 responses per hour. It appears that chlorpromazine, in
150 to 300 mg. per day dosages, significantly lncreased the rate of
response of this very regressed patient, but did not alter his
ward behavior as measured by the behavior ratings.

P-Ij6 is a 26-year-old male chronic psychotic idiot who has been
hospitalized continuously for 22 years. He lives on the disturbed
ward and is one of the two most disturbed and regressed patients
in the hospital population of over 1800. He does not keep his
clothes on, eats and defecates only in his seclusion room, and does
not talk, making only animal noises. Two or three times a day he
runs naked about the ward, yelling and leaping off the walls while
he strikes the top of his head violently with the palm of his hand.
At times he grabs food from the mouths or hands of other patients,
frightening them very much. It is this behavior that has confined
him to the disturbed ward. By reinforcing him for walkling beside
the experimenter, we gradually conditioned him to leave his ward and
enter one of the experimental rooms. On a fixed-ratio twenty sched-
ule of reinforcement with candy, hls rate of response gradually
increased over a period of ;0 experimental sessions to a median
of 280 responses per hour for the last 10 sessions. His ward be-
havior ratings during this period ranged from 1.0 to 1.9. During
the next | sessions he was glven 150 mg. per day of chlorpromazine
(50 . tid). The dosage was increased to L00 mg. per day for the
next sessions, and to 600 mg. per day for the following !, sessions.
During these 10 sessions his rate of response increased to 790 res-
ponses per hour. He was then given 800 mg. per day (200 mg. tid)
for 50 sessions which produced no significant change in his rate of
response. The median rate for the last 10 of these 50 sessilons was
660 responses per hour with a range from 90 to 1,365 responses per
hour. During this period there was no significant change in his
ward behavior ratings, which ranged from 1.5 to 1.9. The only no-
ticeable changes in his ward behavior were that he ran about and
struck his head less often and made less noise. He also seemed to
walk slower and did not follow the experimenter to the laboratory
as readily as before the medication. It is important to note that
the patient had developed pauses following reinforcement on the
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fixed-ratio schedule. Thils pausing after reinforcement - one
characteristic effect of fixed-ratio schedules of reinforcement )
(see section 1.3) - was not noticeably changed by the chlorpromazine
administration.

He had also been responding for female nude pictures on a
fixed-ratio 20 schedule in a second experimental room each day at
a medlan rate of 660 responses per hour, ranging from 250 to 2,269
responses per hour prior to the chlorpromazine administration. This
rate fell to a medlan value of %55 responses per hour for the last
ten sesslons, and he refused to enter the room where he was rein-
forced with female nude pictures on the 9th session after the dosage-
had been increased to 800 mg. per day. This shows that the chlor-
promazine markedly decreased his rate of response for female nude
pictures while it increased, or at least left impaired, his rate
of response for candy reinforcers, suggesting that the drug might
selectively reduce sexual motivation in some patients. At the same
time there was no measurable increase in his ward behavior ratings,
although the intensity of his psychotlc symptoms appeared to be de-
creased.

P-2 is a 36-year-old chronic psychotic who has been hosptial-
ized continuously for 19 years. He was diaghosed schizophrenic
reaction, catatonic type, and received an I.Q. of 89 at admission.

He 1s currently untestable by the usual clinical tests. He walks gbout
constantly with his head down and a scowl on his face. Sometimes

he mumbles and sings and occasionally he willl attack another patient
yelling, "Margaret told me to do it." He is periodically placed on
the disturbed ward for his frequent unprovoked attacks on other
patients. When spoken to he answers in monosyllables which are
sometimes irrelevant.

For the first 80 experimental sessions he responded at rates
of response ranging from 0 to 265 responses per hour on a one-
minute variable-interval schedule of reinforcement with candy. The
schedule was changed to fixed-ratlo 20 for the next 50 sessions and
his rate of response fell to O responses per hour, showing that he
could not respond on a ratio schedule. When the schedule was
changed back to one-minute variable-intervel, his rate of response
increased to a median of 25 responses per hour during the first 10
sessions. At this time he was given ;00 mg. per day of chlorpro-
mazine for 20 experimental sessions. Hls rate of response was not
significantly changed during this time. He was then given 150 mg.
per day for 50 experimental sessions with no appreciable change in
his rate of response.

He then spent 7 months on the wards without experimental ob-
servation and was brought back to the laboratory to respond to
feed the kitten, for five-cent pieces, for male and female nude
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pictures, and to turn off a 2,000 cycle tone 1n unsuccessful at-
tempts to increase his rate of response by the use of different
reinforcers. He spent another lp months out of the experiment and
was brought back to respond for candy on the one-minute variable-
interval schedule for 1% sessions at which time he was given 1.5
mg. per day of serpasil in an attempt to increase his rate of res-
ponse. After 7 experimental sessions, the dosage of serpasil was
increased to 3 mg. per day (1 mg. tids. There was no significant
increase in his rate of response for candy reinforcement or to
turn off the 2,000 cycle tone during 80 sessions under serpasil
medication.

During all of these experimental manipulations there were no
significant changes in the ratings of P-2's ward behavior, which
ranged from 1.l to 2.3.

We have been unable to increase this patient!'s rate of res-
ponse in over ;00 experimental sessions using two different sched-
ules of reinforcement, six different reinforcing agents (one avers-
ive), and two drugs (chlorpromazine and serpasil). Six other
patients responded at very low rates and have shown this same re-
sistance to long-term differential reinforcement and pharmacologi-
cal agents in attempts to increase their rates of response.

To summarize the effects of chlorpromazine, it is clear that
the same dosage significantly increased the rate of response of
some patients and significantly decreased the rate of response of
others. Similar results showing different experimental effects of
‘drugs on different individuals have been previously reported usin§3

benzedrine with dogsl? and dexedrine with _psychotic children
Individually different drug effects have also been reported on the

clinically appraised activity level of childrenlh. Because of these

12, Lindsley, O, R. The effect of amphetamine sulfate on the
operant behavior of the dog in Final Project Report, AEC
Contract AT(30-1)1201, 1953, 185-198., Available from
Microcard Foundation, Madison, Wisconsin, #NYOo-l5,8.

1%3. Lindsley, O. R. Status Report III, ONR Contract N5-ori-07662,

Behavior Research Laboratory, Harvard Medical School, Waltham,
Mass., December 195, p. L. '

ll;. Bradley, C. Benzedrine and Dexedrine in the treatment of
children's behavior disorders. Pediatrics, 1950, 5, 23~,7.
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high individual differences in the behavioral response to many drugs,
investigations of the effects of drugs on behavior should be de-
signed to permit analysis of the data with respect to ‘each individ-
ual. Averaging the data in group-research designs would in many
cases occlude significant individual responses to the medication.
The chlorpromazine effects we have observed are probably related

to the dosage, which should probably be given different patients In
different amounts in order to produce similar behavioral effects.
Further research done in a more systematic fashion will permit more
detailed conclusions concerning these effects. In continuing this
research, we will study patients with more complex experimental
behavior (e.g., fixed-interval schedule of reinforcement, discrim-
ination, differentiation, conditioned suppression). It would be
very enlightening to investigate the effects of the drugs on the
experimental behavior of normal subjects.

2., Duration of Experimental Session:

We have long deslred to investigate the optimal length of the
experimental sesslion. In most cases we have used sessions of one
hour's duration because: 1) these seemed long enough to provide an
adequate sample of experimental behavior, 2) most patients did not
ask to leave the rooms during this period, 3) one-hour timers are
readily available, and li) the hospital staff did not object to
sessions of this length. Because the analysis of problems like the
most useful reinforcer to use in conditioning chronic psychotics
(see sections 1.l and 1.5) were more pressing, we have not made a
systematic Investigation of the optimal length of the experimental
session. We still do not know what length experimental session
will produce the most rapid behavior modification with chronic psy-
chotics in a hospital setting. It is quite possible that two,
three, or four-hour sessions might be more efficient than the one-
hour session we have used, but the optimal duration can only be de-
termined experimentally.

Over the past three years we have gradually increased the dur-
ation of time that some of the patients spend in the experimental
rooms each day. Three factors limit the length of the experimental
session. These are: 1) some patients withdraw from the rooms when
the sessions become very long. If they can spesk they often say
they are tired, bored, scared, or simply "let me out." 2) The rate
of response of some patients gradually decreases when they have
been in a room for a matter of hours. This suggests satiation from
the acquisition of too many reinforcers, "boredom" from the constant
experimental environment, or fatigue from pulling the knob. And
3) the hospital staff objects to the long sessions because they have
other demands on the patients! time.
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The number of withdrawals and rate decreases can probably be
reduced by increasing the complexity of the experimental problem
(decreasing "boredom") and decreasing the frequency of reinforce-
ment (decreasing satiation). Increasing the amount of deprivation
is currently unfeasible with our patients, and selecting a strong-
er reinforcer has in most cases been unsuccessful (see section 1l.l).
Since the manipulandum has been operated at rates above 10,000
responses per hour for many hours by some patients without fatigue,
and since the amount of work involved is approximately one third
that expended by an average typist (see section 1.9), it doesn't
seem probable that fatigue 1s an important cause of the decreased
rate of responding observed towards the end of long sessions.

The objectlons of the hospital staff occur less often the longer.
we are members of the hospital community, so this limitation to
long sessions should become less important in the future.

Many patients have responded for one hour in each of three dif-
ferent rooms each day for many days without withdrawing or showing
any decrease in rate of response compared with the days they res-
ponded in only one room for one hour. In an experiment involving
the formation of a complex discrimination, 20 patients have res-
ponded in 3 daily sessions of four continuous hours edch. Several
of the patients withdrew for toilet visits, but immediately return-
ed to the rooms when they were through. These tollet visits (which
do not occur very often) do not seem to interrupt the experimental
behavior. (In some cases "fixed-ratio runs" have not been changed
in duration by 15-minute toilet interruptions.) Six of these 20
patients refused to re-enter the room (a total of 10 withdrawals)
after periods of responding from 2 to 3 1/2 hours. This shows that,
with most patients, sessions of four continuous hours duration are
possible.

One patient (P-7) responded for over 8 continuous hours on a
one-minute variable-interval schedule for candy without leaving his
chair or asking to leave the room. Ve do not expect such long
sessions from most patients, but 3 or li~hour sessions seem very
likely, once the hospital can arrange to release patients for such
long periods of time.
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3,0 ALTERATION.OF PREVIOUS PLANS

2.1 Effects of Insulin and Electro-Shock:

Since the patients undergoing insulin and electro-shock
therapy are usually acute patients who have been in the hospital
only a short time, it is impossible to record a very long base-line
of behavior before they undergo' treatment. Also, if the patients
recover, they are discharged from the hospital almost immediately,
making post-treatment control sessions almost impossible to obtailn.
Therefore, we have indefinitely postponed these investigations un-
til arrangements can be made which will permit adequate pre- and
post-treatment control sessions.

3.2 Effects of Lysergic Acid on Normal Subjects:

In Status Report IV we reported the results of some exploratory
experiments with two normal subjects who received lysergic acid
(LSD 25). Since 60 gamma LSD produced changes in the operant be-
havior of these two subjects similar to the behavior obtained from
many of our chronic psychotics, we had planned to follow up these
observations with a more systematic study. To show psychoso-mimetic
drugs produce behavior deviations in normal subjects that are sim-
ilar to the peculiarities we have recorded in the behavior of
chronic psychotics would make an important addition to our analysis
of psychosis.

The exploratory experiments were done in collaboration with
Drs. Robert V. Hyde and Richard H. York of the Boston. Psychopathic
Hospital. These investigators have recently moved to Butler Hospital
in Providence, Rhode Island, making further collaboration more dif-
ficult at the present time. Therefore these Iinvestigations will be
indefinitely postponed until other arrangements can be made.

2.3 Use of Food as a Reinforcer:

Since one of the strongest reinforcers used with lower organ-
isms has been substantial food delivered to food-deprived animals
(804 ad~1ib body weight plus 2l hrs. deprivation) we have long
planned to use food and hunger schedules with the extremely deteri-
orated patients who have made very few responses for the other rein-
forcers. Exploratory study with a few of these patients has shown
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that food used with only 5 or 6 hours of food deprivation had
1ittle effect in increasing their rates of response. Until more
substantial hunger schedules can be arranged, the systematlic in-
vestigation of the use of food as a reinforcer will be indef-

initely postponed.
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;.0 PLANS FOR FUTURE WORK

4.1 Observations on New Patients:

We plan to continue slowly to add new patients to the popula-
tion we have studied, in order to get larger groups of patients
with similar behavior anomalies. Larger groups will permit a
systematic lnvestigation of these anomalles and we can begin to de-
fine syndromes of behavior anomalies. There 1is some evidence to
suggest that some of the behavior anomalies we have recorded might
occur together. The demonstration of this tendency demands at
least a few patients in each syndrome. Since there 1s no way to
predict before our experimental observations what patients will have
whilch behavior anomalies, we must rely upon routine screening to
increase the number of patients 1In each category.

l.2 Effects of Ritalin, Serpasil, and Dexedrine:

With the patients who have responded at consistently low rates
for all the relnforcers we have used to date, we plan to attempt to
increase their rates of response by the administration of large
clinical dosages of ritalin, serpasll and dexedrine. Since these
drugs are thought to be excitatory, it is possible that they might
increase the rates of response of the very deteriorated patients.
However, it is also possible that the drugs might increase the fre-~
quency and/or intensity of the patients! psychotic symptoms result-
ing in an even greater confllict with the knob-pulling and a conse-
quent reduction in their operant rate of response. Only experimen-
tation will give us the answer, and here, agaln, individual differ-

gncgsdin the responses of the different patients to the drugs are antic-
ipated.

;.3 Exploration of Useful Aversive Stimuli:

Much of the experimentation done on lower animals strongly sug-
gests that different patterns of aversive stimulation (avoldance,
escape, punishment, approach-avoidance conflict, etc.) are involved
in the development of aberrant forms of behavior (experimental
neurosis); also many clinical theories suggest that the etiology of
neurosis and psychosis 1s closely allied to aversive and traumatic
situations in the individual's previous history. For these two
reasons, aversive stimulation should be investigated early in the
experimental analysis of psychosis.
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Such investigations demand a practical aversive stimulus for
use with psychotic patients. The stimulus should in no way produce
physical damage to the patients and should be accurately controlled
in intensity from non-aversive to strongly-aversiwve values. Most
of the aversive stimull used with lower organisms are impractical
for use with human patients, because the patients must be left free
to leave the experimental rooms at any time, and they cannot, of
course, be stripped and placed on shock-grids as can most of the
lower organisms.

We have had some success in using a moderately intense (90 db
above the human threshold of hearing) pure tone which becomes quite
aversive after it has been on continuously for a few minutes. But

many patients do not respond to turn this tone off or to delay its
onset. Therefore, the tone acted as an aversive stimulus to nor-
mal subjects and some of the patients, but not for all of the pa-
tients. The tone has another disadvantage. It is most aversive at
high frequencies, but these high frequencies go through our cinder-
block walls with 1little attenuation. So that, when the tone 1s on,
we have been presenting mildly aversive stimuli to much of the
hospital population. An ldeal aversive stimulus would be contained
within the experimental room it is used.

Lately we have been delivering mild shocks across the brass
manipulandum knob and to ground. The shocks are generated by a
model-T Ford transmission coil and contain a lot of high frequency
components, so that the capacity between the patient and ground .
(through his shoes) is enough to deliver a mild shock to the pa-
tient's hand when he touches or pulls the knob. This stimulus has
limited experimental applications, because the patient can avoid it
by not touching the knob. Extremes of temperature are not practical
because the patients might catch cold. We plan to try using air
blasts, and vibration, in further attempts at a practical aversive
stimulus for use with chronic patients.

Ly Analysis of Refusals and Withdrawals:

We have been systematically recording the number of refusals to
leave the wards, the refusals to enter the experimental rooms, and
the withdrawals from the experimental rooms before the completion
of the experimental sessions. An analysis of these refusals and
withdrawals will permit the Inter-correlation of these measures
to see if they tend to occur together. It is possible that some
patients differ markedly with respect to these tendencies. (In
Status Report III, section 1.2, we reported that children diagnosed
"autistic" had to be conditioned to stay alone in the rooms. The
other psychotic children did not withdraw from the rooms.) It should
also be possible to demonstrate that these measures increase in fre-
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quency under certain experimental conditions (i.e., extinction and
operant level).

i.5 Differential Reinforcement of Low Rates:

With patients who respond at high rates and with patients who
will not extinguish (i.e., P-23), we will reinforce those responses
that occur after long pauses in an effort to decrease thelr rate
of responding. If the rate of response 1s thus decreased, it will
be clear that the high rates of response are under the control of
the reinforcing stimuli and not just "manic tendencies"™ or "high
activity levels." There 1s a possibility that these reinforced long
pauses will tend to be fillled with psychotic manifestations by the
patients. This would show a full control of psychotic incidents
by differential reinforcement in some patients, because the rein-

- forcement of short inter-response times has been shown to decrease
the amount of psychotic activity during the experimental sessions,
and the successful reinforcement of long inter-response times would
then show that the amount of psychotic activity could be increased.
It would also argue strongly for "total push programs" and against
~the forced inactivity in the many under-staffed and under-supported
large State Hospitals.
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