throughout the 2-hour sessions. As is
shown in Fig. 24, a typical record, the
fish almost immediately drove the tem-
perature down from 38°C to approxi-
mately 35°C. In almost every 2-hour
session, the fish showed a burst of re-
sponses when the lever was initially
made available. Within a few minutes
the temperature was brought down to
the level later maintained. The fish very
rarely allowed the temperature to rise
above 36.5°C and rarely pushed it down
below 33.5°C. The temperature re-
mained with this 3-degree range almost
all of the time. The maintained tem-
perature of about 35°C in this experi-
ment is much higher than the value
determined by Fry (/) for temperature
selected by goldfish in a thermal gra-
dient (27°C for fish adapted at 25°C or
more). It is likely that the fish in this
experiment were setting the tank at a
maximum comfortable temperature.
That is, 35°C may be about the highest
temperature at which these fish do not
get aversive thermal feedback from
their environment.

In the second series of experiments,
as soon as the lever was made available
at the initial temperature of 24.5°C, the
water bath was gradually heated to
41°C over a Y-hour period. Sessions
lasted 2 hours from the introduction of
the lever. In this situation, fish were
able to maintain their tank at a given
temperature with much less work than
under the first procedure. They were
not required to bring the temperature
down initially to the selected level. If
amount of work is an important variable
in controlling thermoregulatory be-
havior, one might predict that the fish
would maintain a lower temperature in
the second experiment than in the first.

The results of this second experiment,
as shown by the examples in Fig. 2,
B and C, indicate that there is no dif-
ference between the temperatures
maintained under the two sets of condi-
tions. Typical records for fish SG 106
under both conditions are shown in the
figure.

Fish usually did not press the lever
much at temperatures below 33°C in
the second experimental series. They
usually began pressing consistently at
approximately the maintained tempera-
ture of 35° to 36°C. Some records (Fig.
2B) show a gradual upward drift in
temperature as the session continues.
Others show relatively little drift and
very close regulation (Fig. 2C).

Control experiments have indicated
that the increased activity of the fish
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at higher temperatures and the slight
increase in oxygen tension of the water
associated with reinforcement are not
important factors controlling thermo-
regulatory behavior in this situation.
The results of these experiments in-
dicate that the goldfish will regulate its
body temperature within certain limits
under a constant high-temperature
stress. It has been suggested (5) that
temperature selection in fish can be
accounted for as a direct effect of tem-
perature on the locomotion of fish. This
study indicates that other factors are
involved in temperature selection, since
the goldfish will perform an arbitrary
response to change the temperature of
its environment (6). ‘
Paur N. RozIN
JEAN MAYER
Psychological Laboratories, Harvard
University, Cambridge, and School of
Public Health, Harvard University,
Boston, Massachusetts
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Progressive Ratio as a
Measure of Reward Strength

Abstract. Four rats were trained to press
a lever on a ratio schedule of reinforce-
ment in which the number of lever presses
required on each consecutive run increased
by a fixed increment. Both concentration
and volume of the reward were varied.
Relationships were obtained between re-
ward and deprivation variables and the
size of the final completed ratio run.

For many years, experimenters in the
field of animal motivation have utilized
the obstruction technique as a means
of determining the relative strength or
“attractiveness” of rewards under var-
ious motivational conditions. The tech-
nique consists of interposing an ob-
struction, such as an electrified grid,
between the animal and some reward
such as food. Initially, the rationale for
this procedure was that the greatest

intensity of electric current which the
animal would cross should correlate
with variations in reward and depriva-
tion. Implicit in this line of reasoning
is the view that over a broad range of
values, the “breaking point” of an
animal’s behavior should be a good
measure of the relative effectiveness of
motivational variables. However, due
to the great variability in behavior as-
sociated with repeated electric shocks,
experimenters have been unable to
establish a reliable ‘“breaking point.”
Instead, workers have used the number
of crossings of a grid with a constant
charge during a fixed period of time
as an index of reward strength (7).
Nevertheless, the repeated use of elec-
tric shock results in highly variable
data which are particularly difficult to
interpret in the case of individual
animals.

The experiments reported here were
designed to overcome the shortcomings
of obstruction methods by using as a
measure of reward strength the largest
number of responses which an animal
will make to obtain a reward. With this
technique, a stable “breaking point,”
which varies reliably with changes in re-
ward and deprivation, can be obtained.

The subjects of these experiments
were four albino rats from.the colony
at the Walter Reed Army Institute of
Research. Their weights at the start of
the experiment ranged from 250 to
450 g. The apparatus was a modified
Skinner box adapted for liquid reward
and controlled by a system of relay-
operated switching circuits.

After a brief initial period of training
to press the lever to receive 0.05 ml of
sweetened condensed milk as a reward,
the rats were placed on the progressive
ratio schedule, which requires that the
animal emit an increasing number of
responses in order to obtain each re-
ward. The ratios used in these experi-
ments increased by an increment of
two, so that the rats were required to
emit two responses for the first reward,
four for the second, six for the third,
eight for the fourth, and so on. Each
run of responses in this increasing
schedule is called a ratio run. A timer
in the circuit was set so that if at any
time during the experiment the animal
failed to respond for a period of 15
minutes, the session was automatically
terminated (2).

In the first experiment, sweetened
condensed milk was diluted with var-
ious amounts of water on different
days of the experiment. The order of
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presentation was random, and the ani-
mals were maintained ad libitum on lab
chow and water in the home cage.
Figure 1 (top) shows the results of
this experiment. The number of re-
sponses in the last complete ratio run
before the animal failed to respond for
a 15-minute period are plotted as a
function of the concentration of the
milk reward. Each point represents the
median of six test sessions. The last
point on each curve represents the data
obtained when the reward was water
alone. As the concentration of sweet-
ened condensed milk declines, the mag-
nitude of the final ratio run also de-
clines. It is interesting to note that even
when animals have been maintained ad
libitum on lab chow and water, sweet-
ened condensed milk in high concentra-
tions still can function as a relatively
potent reward. This is illustrated by the
striking difference between the first and
last points of each curve.

In the second experiment, the amount
of food consumed daily by each rat was
regulated so that over a period of 4 to
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6 weeks its body weight was gradually
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normal weight, their food ration was
systematically increased so that over a
similar time period they were returned
to their normal weights. During both
of these periods, the testing schedule
described above was continued. The
concentration of the milk reward was
held constant at equal volumes of milk
and water, Water was available ad libi-
tum in the home cage. At the termina-
tion of the experiment, the data were
grouped into S5-percent intervals of
weight. The solid lines in Fig. 1 (bot-
tom) show the results of this experi-
ment. Each point represents the median
of the data of 9 to 14 sessions. The
curves indicate that as the animals’
body- weights diminish from normal,
the number of responses in the final
ratio run increases markedly.

The third experiment was carried out
in the same manner as the second, ex-
cept that the volume of the milk reward
was increased from .05 to .20 ml. The
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Fig. 1. The number of responses in the largest completed ratio run is plotted as a func-
tion of several levels of reward and deprivation variables. (Top) The effect of decreasing
the concentration of the reward. (Bottom) Effect of increasing food deprivation and the

volume of the reward. :
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effects of this increase are shown by the
broken lines in Fig. 1 (bottom). The
general trend of the .20-ml curves is the
same as the .05-ml curves. A compari-
son of the .20-ml and .05-ml curves
indicates a small but rather stable in-
crease in the final ratio run under the
.20-ml condition. This increase is most
apparent at the higher levels of
deprivation.

One may inquire as to what extent
these results may reflect an interaction
with progressive satiation. Whatever sa-
tiation effects may be present are most
likely quite small; for, during initial
lever-pressing training, it was noted that
while deprived of food, each rat in-
gested 12.0 to 15.0 ml of milk. This is
in sharp contrast to the 2.0 to 3.0 ml
of milk consumed under comparable
conditions on the progressive ratio
schedule. Furthermore, if progressive
satiation were a principal determiner
of progressive ratio performance, one
could expect increases in the concentra-
tion or volume of the milk reward to
diminish the number of responses in the
final ratio run. This was clearly not the
case.

A comparison of the upper and lower
halves of Fig. 1 illustrates the effects of
two aspects of amount of reward. The
upper half represents the effects of var-
iation in the concentration of the re-
ward while the lower half depicts the
effects of differential volumes of reward
as a parameter. Investigations are cur-
rently in progress in this laboratory in
which the volume of the reward is be-
ing varied over a wide range in order to
gather further data on the relationship
between reward volume and reward “at-
tractiveness.” In addition, the size of
the increment by which each ratio run
increases is being systematically varied.

Since performance on the progres-
sive ratio schedule seems to correlate
well with variations in reward and dep-
rivation parameters, it may well find
application as a means of evaluating
the relative rewarding properties of in-
tracranial self-stimulation.

WiLLiaM Hobos
Department of Experimental
Psychology, Walter Reed Army
Institute of Research, Washington, D.C.
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