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Learning in infant rats: Escape from cold
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The results of a number of studies indicate that rats and mice as young as 7 days of age
are capable of learning an escape task. Because in all of these studies foots hock was used
as the negative reinforcer, it was considered necessary to determine if other negative rein
forcers could support learning in infant rodents. Accordingly, 7- and 9-day-old rats were given
escape training in a straight alley, during which removal from a cold grid-like floor served
as reinforcement. In comparison with yoked controls, trained subjects showed little evidence
of learning. Twenty-four hours later, these same animals and naive control animals were given
retraining and training sessions. respectively. While there was little evidence of a residual
effect of the initial training or yoked control experience, alllO·day-old age groups showed an
intrasession increase in speed and an intrasession decrease in competing responses. It was
concluded, therefore, that a cold-inducing stimulus can also serve as an effective reinforcer
in the escape training of infant rats.

When exposed to aversive stimulation, perinatal rats
and mice typically show a pivoting or turning reaction.
The types of situations examined include falling from
the nest (Bolles & Woods, 1964), suspension over cold
water or ammonia (Gard, Hard, Larsson, & Peterson,
1967), and contact with grid shock (Misanin, Haigh,
Hinderliter, & Nagy, 1973). In a number of studies on
escape behavior in infant rodents, it has been shown that
a decrease in turning responses can be indicative of
learning (Misanin et al., 1973; Nagy, Burley, & Kikstadt,
1977; Nagy, Misanin, & Newman, 1970). While all
of these studies employed footshock as the negative
reinforcer, one might predict that other types of
aversive stimulation that elicit turning might also serve as
effective reinforcers in the escape situation. To test this
prediction and, hence, to gain information on the
general effectiveness of negative reinforcers in the
training of infant rodents, the present study examined
the escape-from-cold behavior of 7- to 100day-old rats.

METHOD

Subjects
Wistar rats born in the Susquehanna University animal

colony served as subjects. Three males and three females from
each of six litters were used. Three same-sex rats from each
litter were assigned to each of two age groups.
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Apparatus
A 25.5 x 6.8 x 9.7 em acrylic runway was used for escape

training. The runway was placed atop a 30.5 x 13.7 x 5.5 cm
watertight acrylic box through which 2°C_3°C water was con
tinuously pumped from a Forma Temp. Jr. (Model 2095)
bath and circulator. The top of this acrylic box was grooved
(4 mm deep) at 2-mm intervals to give it a grid-like appearance
and texture. The temperature of this grooved top was continu
ously monitored with a Yellow Springs Tele-Thermometer
(Model 43TD) and maintained at 10°C_14°C. Thus, the grooved
acrylic top served as the cold, dry, grid-likefloor of the runway,

Procedure
Six 7-<lay-old and six 9-<lay-old rats were each given 25

escape training trials on Day 1. A trial began when a rat was
placed in the start section of the runway facing the goal end. A
trial ended when the subject touched the goal-end wall opposite
the start section or after 120 sec. If the rat failed to reach the
goal end in 120 sec, it was gently pushed to the end (forced
trial). Immediately upon reaching the goal end, each rat was
removed and enclosed in the experimenter's hand for a 45-sec
intertrial interval (lTI).

On each trial, the time it took the animal to reach the goal
(escape latency) was recorded to the nearest.I sec. For a forced
trial, a latency of 120 sec was recorded. Also recorded was the
number of 18Q-deg turns away from the goal (competing
response). Thus, after a 180-<leg turn away from the goal, a
return to the start position (i.e., facing the goal) was necessary
before another such competing response could be made.

Also on Day 1, a subgroup of six rats from each age group
was treated as a yoked control group. This treatment involved
placing the animal on the cold grid-like floor of the runway for
the same length of time that its trained littermate spent in the
runway on each trial. Thus, for the yoked subjects, removal
from the runway was determined not by' their performance but
on the basis of the time taken by trained littermates to perform
the escape response. Yoked animals were also enclosed in the
experimenter's hand during the 45-sec ITI. On each yoked
subject's trial, the number of 180-<leg turns was recorded. Also
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Figure 1. Mean competing responses per five-trial block of
the trained and yoked animals on Day 1 as a function of age.

Figure 2. Mean competing responses per five-trial block on
Day 2 as a function of age and the treatment administered on
Day 1.
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Day 2
Each of the four response measures (competing

responses, reciprocal escape latency, forced trials, and
trials without competing responses) was subjected to a
SPF-23.5 analysis of variance in which age (animals were
now 8 and 10 days old), treatment (previously trained,
yoked , or not trained), and trial block (Blocks 1-5)
were the factors under consideration . Newman-Keuls
tests, at the .05 level of significance, were used in
making a posteriori comparisons.

An analysis of the competing response data (Fig
ure 2) revealed a significant main effect of trial block
[F(4,120) = 97.9, P< .001] and a nonadditive Age by
Trial Block interaction [F(4,120) = 2.38, p < .055] .
The 10-day-old rats made significantly fewer competing
responses than the 8-day-olds in the middle of the
training session.
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noted were the trials on which the animal remained in the start
section and those on which the animal reached the goal end of
the runway.

The remaining six animals in each age group were not trained
on Day 1 and served as naive controls. Their performance on
the next day served as a means of assessingthe relative contribu
tion of maturation in the escape performance of the trained and
yoked subjects on Day 2.

On Day 2, the three subgroups at each age level were given
25 escape training trials. These trials were identical to those
given to the trained subjects on Day 1. Response measures
obtained on each of these trials were number of competing
responses and escape latency. Records of each subject's forced
trials and trials without competing responses were also kept .

RESULTS

Day 1
All response measures were averaged over five-trial

blocks. The mean numbers of competing responses per
five-trial block as a function of age and treatment
(trained vs. yoked) are shown in Figure 1. A 2 (7 vs.
9 days) by 2 (trained vs. yoked) by 5 (Trial Blocks 1-5)
split-plot factorial analysis (SPF-22.5) of variance
(Kirk, 1968) was performed on the competing-response
data. Only a significant main effect of trial block was
obtained [F(4,80) = 38.9, p < .001] . Newman-Keuls
comparisons between first and last trial blocks revealed
that all groups significantly decreased competing
responses over trial blocks (p < .05).

Speed (reciprocal latency) on each of the trial blocks
was, for the 7-day-olds, .010, .009, .008, .008, and .009.
For the 9-day-olds, the mean speed per trial block was
.009, .101, .019, .023, and .009 for Trial Blocks 1-5,
respectively. A split-plot factorial analysis of variance
(SPF-2.5) of the speed data failed to reveal any signifi
cant main or interaction effects. Similarly, a SPF-2.5
analysis of variance of the forced-trial data yielded no
significant age, trial block, or interaction effects. The
mean numbers of forced trials as a function of trial
block for the 7-day-olds were 4.2, 4.3, 4.8, 5.0, and 4.5;
for the 9-day-olds, they were 4.3,4.7,3.7,3.7, and 3.8.

The speed and forced-trial data indicate that the
decrease in competing responses observed in the trained
subjects is not indicative of learning the escape response
(Misanin et al., 1973) and, hence, escape from cold is
not an effective reinforcer for 7- and 9-day-01d rats. The
speed and forced-trial data suggest that the decrease in
competing responses may be, simply, the results of
inactivity produced by cold. Not only were the trained
subjects inactive, but the yoked subjects also decreased
activity over training. This was indicated by the finding
that not only did they decrease their 180-deg turns,
but they showed an intrasession increase in the number
of trials in which they remained in the start section
[F(4,40) =4.06, p < .009] and a significant decrease in
the number of trials on which they reached the goal end
of the runway [F(4,40) =3.29, p < .02] .
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Figure 4. Mean number of forced trials per five-trial block of
the trained (f), yoked (Y), and no-training (NT) 8- and 1(}.day
old rats.
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Day 1, they do indicate that escape from cold can support learn
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forced trials of the 1Oday-olds decrease , but also trials without
competing responses and speed increased. The Day 1 and Day 2
data on the 7-, 8-, and 9-day-olds, however, indicate that removal
from the 10°C-14°C floor was ineffective as a reinforcer in the
escape training of rats younger than 10 days of age. This ineffec
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inducing stimulus, perhaps cold air or cold water that lowers a
floor to below 10°C-14°C, will support learning in rats younger
than 10 days of age.

In any event, the present study shows that a cold-inducing
stimulus can serve as an effective reinforcer for rats as young as
10 days of age and , together with previous research (e.g.,

DISCUSSION

The analysis of trials without competing responses
also yielded a significant main effect of trial block
[F(4,120) = 55.8, p< .OOI] and a significant Age by
Trial Block interaction [F(4 ,120) =2.55 , p < .042].
Again, the performance of the l Oday-olds was signifi
cantly superior to that of the 8-day-olds in midsession.
The mean numbers of trials without competing
responses over Trial Blocks 1-5 were, for the 8- and 10
day-olds, respectively, .6, 2.1 , 2.3, 2.6, 3.6, and A,
204, 3.2, 3.6, 3.8.

The analysis of the speed (reciprocal latency) data
indicated significant main effects of age [F(I ,30) =
16044, p < .001] and trial block [F(4 ,120) = 13.25,
p < .001], and a significant interaction of these factors
[F(4,120) = 14.09, p < .001] . The nature of this inter
action is evident in Figure 3. Younger rats failed to
increase speed of escape over training, whereas the older
ones showed a significant intrasession increase in speed.
It should be noted that even though there is a clear
separation of trial block means of the trained 10-day-old
subjects and those of their naive and yoked controls,
this apparent difference is not statistically significant.

An analysis of the forced-trial data (Figure 4) yielded
results very similar to those of the speed analysis.
Again, the performance of the 10-day-olds significantly
surpassed that of the 8-day-olds [F(1,30) = 18.33 ,
p < .001]. And again, the apparent difference in the
trial block means of the trained 10-day-olds and their
naive controls was not statistically reliable.
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