
Instead of focusing on the differences between the age 
samples, represented by the spread between the 
functions in Fig. I, we prefer to emphasize the basic 
similarity in all of the age samples. Namely, because all 
groups encode categorically in STM, they all show the 
effects of PI in appropriate circumstances. Qualitatively 
similar behavior by preschool and school-age children in 
STM is especially impressive, since striking changes have 
been observed to occur in young children's cognitive, 
social, and linguistic behaviors at about age 6, 
corresponding to an important stage boundary in 
Piaget's developmental theory (Piaget, 1950) and to the 
hypothesized onset of verbal mediation by learning 
theorists (Kendler & Kendler, 1962). 

This is not to suggest that developmental differences 
in STM do not occur. Categorical encoding requires that 
Ss respond to a group of stimuli as members of the same 
class. A previous study of school-age children's 
performance in tasks using these procedures (Wagner, 
1970) reported that taxonomic classes (animals and 
colors) were the only classes for which the youngest Ss 
tested (CA 9) showed evidence of any PI or its release. 
Phonemic classes (words that rhyme) showed PI but no 
release, while sense impression classes (round things and 
white things) showed no PI and, of course, no release. 
Differential susceptibility to PI as a function of stimulus 
category suggests that these procedures can be used to 
aSsess concept formation in young children. A special 
advantage of the procedure is that the individual does 

not have to be able to name the class to which the 
stimuli belong or even to be consciously aware that they 
come from a particular category (Wickens, 1970). 

An invariant memory function that manifests 
performance differences as a function of the extent to 
which the stimulus classes are psychologically relevant 
also lends support to Piaget's theory, which interprets 
limitations in children's memory as a result of 
incompletely developed schemes for dealing with classes 
and relations rather than restricted ranges of experience 
or shorter conditioning histories. 
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Effects of grolJping and crowding on learning 
in isolation-reared adult rats· 
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Rats reared in isolated and overcrowded environments 
are inferior to those from small groups in complex 
learning tasks. To examine the age dependence of this 
phenomenon, adUlt rats isolated from weaning were 
placed in groups of 1, 4, and 16 for either 1 or 4 weeks. 
One week of grouping enhanced Lashley III maze 
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performance, while 4 weeks' grouping did not. One week 
of grouping did not affect shock avoidance brightness 
discrimination, but after 4 weeks, the group of 16 was 
superior. Hence, grouping or crowding in adulthood 
tends to reverse learning deficits produced by isolation 
rearing. 

The role of the developmental and adult social 
environment in behavioral performance has received 
considerable attention, although it is often ignored in 
experiments in which other variables are examined. 
Much research has focused upon the extremes of social 
density: isolation and crowding. Both extremes appear 
to be stressful, at least in rodents, in terms of adrenal 
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Table I 
Effects of Grouping on Behavior and Weights (Mean ~ SEM) 

Population Size 

4 16 

Lashley ~faze 1 Week 
T ot:!l errors. Trials 2-9 34.6 23.1 26.8 

(±4.44) (±2.38) (±2.38) 
Y maze trials to criterion 28.9 37.8 28.9 

(d.83) (± 7 .61) (±2.79) 
Body weight <.g) tested 333 355 335 

(±9.66) (±7.77) (± 13.50) 
Body weight (g) 356 
nontested (±9.61) 
Relative adrenal weight . 817 .736 .751 
tested (mg. 1 0 g) (± .045) (± .031) (± .047) 
Relative adrenal weight .607 
nontested (mg/lO g) (±.031) 

Lashley ~laze 4 Week 
Total errors. Trials 2-9 27.6 29.0 23.6 

(± 1.84) (±2.24) (± 1.79) 
Y maze trials to criterion 44.4 41.3 18.4 

(±5.57) (±5.90) (± 1.99) 
Body weight (g) tested 391 409 399 

(±6.58) (±9.35) (±8.67) 
Body weight <.g) 372 
nontested (±17.23) 
Relative adrenal weight .656 .696 .668 
tested (mg,' 109) (± .018) (±.O16) (±.OI6) 
Relative adrenal weight .648 
nontested (mglO g) (± .034) 

Sore-S = 16 ill each group. 

weight (Baer. 1971: Brain & NowelL 1970). pituitary 
weight (Bell. ~1iller. Ordy, & Rolsten, 1971: Quay, 
Bennett. Rosenzweig, & Krech. 1969). and various 
abnormal behavior patterns (e .g., Baer, 1971: Bell et al. 
1971: Calhoun, 1962; Scott & Fredericson. 1951). In 
adult animals. the stressful effects of isolation seem to 
increase to some degree as it is prolonged (Baer. 1971: 
Lovely. Pagano. & Paolino, 1972), while in developing 
rodents. isolation immediately following weaning may 
have a profound effect (Ader, 1965: Geller. 1971). 
Whether the effects of crowding are more pronounced 
with duration or during development is not clear. 
although reproductive maturation may be slowed by 
increased social contacts (Christian & Davis, 1964). 

Recently, Goeckner. Greenough, & Mead (1973) 
reported that rats reared in overcrowded environments 
showed impaired acquisition of complex appetitively 
and aversively motivated learning tasks. In a later study 
(Goeckner. Greenough. & ~1aier. 1974). overcrowded 
rearing produced a greater deficit in avoidance 
acquisition than did isolated rearing. Since the animals 
were kept in their experimental environments during 
testing. it was not clear whether the debilita ting effects 
of the overcrowded environment were due to its impact 
during rearing or to the short-term proactive or 
concurrent effects of the continuing crowding stress 
during behavioral training. Recent reports have indicated 
that the immediate effects of a grouping upon adrenal 
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reacti\'ity and resistance to stress can be quite 
pronounced (Plaut & Grota. 1971: Plaut. Ader. 
Friedman. & Ritterson, 1969). 

The present study was designed to determine the 
effects of short-term and long-term adult grouping and 
overcrowding on acquisition of complex learning tasks in 
previously isolated rats. It was thought that I week of 
crowding prior to training would indicate the effects of 
an overcrowded environment during behavioral testing 
per se. while 4 weeks of crowding prior to testing would 
show the effects of longer-term overcrowding stress in 
adulthood on acquisition measures. Group sizes of I, 4, 
and 16 rats were chosen on the basis of the Goeckner 
et al (1973) and Goeckner et al (1974) data . 

METHOD 
Subjects and Housing Procedure 

~fale Sprague-Dawley albino rats (descendents of ARS 
Sprague-Dawley, Madison, Wis., stock), born in the laboratory, 
were separated from their litters and individually housed in 
sawdust-t1oored translucent plastic tubs at 35 days of age. At 95 
days of age, they were rehoused in experimental cages. 
Individually housed (GPI) rats were kept in 22.5 x 30 x 25 cm 
(high) sheet metal cages with wire mesh bottoms and fronts. 
Socially housed animals were placed in groups of 4 (GP4) or 16 
(GPI6) in 90 x 30 x 25 cm (high) wire mesh cages. Food and 
water were available ad lib except as appropriate during 
behavioral testing, and animals were maintained on a 12-h 
diurnal light cy~ie. Animals were handled once weekly for 
weighing and, except for maintenance, were not otherwise 
disturbed. After either 1 or 4 weeks of such housing, behavioral 
testing was begun. Each size-duration group contained 16 
animals: thus, a total of 96 animals underwent behavioral testing. 
while an additional 32 nontested animals were included in the 
adrenal weight da tao 

Behavioral Testing 
Ss were kept in the experimental environments during 

behavioral testing. All animals from the isolated and GP4 
environments were tested. while eight animals were randomly 
selected from each GP16 for testing. Three days prior to beginning. 
all Ss were placed on a 23 34-h water deprivation schedule. Ss were 
trained in 1.3 trials over 7 day's to run a 11 O~m gray straight 
alley for 0.1 ml of water reward. During testing hours. Ss 
occupied individual stainless steel cages, and the extra members 
of GP16 were given water. Each S received 15 min access to 

water prior to returning to his home cage. Following pretraining. 
Ss were given three trials per day for 3 days on a four-unit 8-cul 
Lashley III alley maze (details: Greenough & \!cGaugh. 1965). 
Groups were balanced for time of dav tested. Followine the final 
maze trial. Ss were returned to ad lib water and rehabilitated for 
2 days. Over the next 2 days, they were trained, in a balanced 
order. to avoid or escape footshock (0.6 rnA) by running to the 
lighted arm of a symmetrical V-maze (details: Goeckner et al. 
1973). Ss were trained according to a Gellerman series 
(Gellerman, 1933) to a criterion of -9 out of 10 correct initial 
choices (escape or avoid). On the following day, all animals 
received a lethal dose of sodium pentobarbital. and both adrenal 
glands were removed. cleaned of surrounding adipose tissue. and 
weighed. 

RESULTS 
Results for all measures are presented in Table I. In 

contrast to the data for overcrowded rearing. the effects 
of both grouping and overcrowding of isolation-reared 
adults seemed to be (generally) positive. with the larger 
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group showing the greater effect. For the Lashley III 
maze, I week of differential housing produced an overall 
effect (F:: 3.97, p < .05) in which both GP4 and GPI6 
were superior to the isolates (p < .05 and p < .1 0, 
respectively, by post hoc comparisons; Winer, 1962). 
The effects after 4 weeks fell short of significance (F :: 
2.25, p > .10). In the Y-maze, no significant differences 
(F :: 1.15, p > .25) occurred in trials to criterion after I 
week, perhaps reflecting the interaction between 
adaptation to the novel housing and this more stressful 
task. After 4 weeks, a significant effect of housing 
appeared (F :: 8.49, p<.OI), with GP16 superior to 
both GP4 (F:: 11.06, p<.OI) and GPI (F:: 14.21, 
p<.OI). 

Since adrenal weight was measured for both the 16 
animals from GP16 which were behaviorally tested at 
each time point, and from the 16 which were not, it was 
possible to assess the effects of behavioral testing on this 
measure. Among animals grouped for 1 week prior to 
testing, the tested animals showed a 20% higher relative 
(to body weight; Brain & Nowell, 1969) adrenal weight 
(F :: 5.67, p < .05). After 4 weeks' housing, the 
behavioral testing increment was only 3% (F :: .192, p :: 
n.s.). It appeared that behavioral testing interacted with 
the lack of time for adjustment to new housing, since 
the (behaviorally tested) I-week groups all exceeded the 
4-week groups in relative adrenal weight (F :: 12.43, 
p < .0 I), while the untested (GPI6) animals did not 
differ significantly at the two time points (F :: .608, p :: 
n.s.). 

DISCUSSION 
In contrast to previous work on overcrowded rearing 

(Goeckner et ai, 1973: Goeckner et al. 1974), these data indicate 
that grouping or crowding of previously isolated adult rats tends 
to facilitate acquisition of complex tasks. This clearly indicates 
that the debilita ting effects of overcrowding result from rearing 
in the overcrowded environment ra ther than from the effects of 
crowding prior to or during behavioral testing. Goeckner et al 
(1973) found that animals reared from weaning in a group of 16 
in cages identical to those of the present study were retarded, in 
comparison to animals in cages of 4, on the V-maze task; in the 
present study, animals in cages of 16 were generally superior to 
those in cages of 4 on the V-maze. In the Lashley III maze, the 
tendency toward facilitation in GPI6 (after 4 weeks) also 
opposes the tendency towards worse performance in the 
Goec kner et al (1973) study. 

Just why overcrowding facilitated performance is less clear. It 
seems likely that the effect resulted because the animals had 
been isolated from late development to the onset of the 
experimental environments. Presumably, the animals had 
developed the symptoms of chronic isolation stress described in 
the introduction. While these symptoms may facilitate certain 
simple tasks (e.g., Lovely, Pagano, & Paolino, 1972), isolated 
animals tend to be inferior to those socially housed (uncrowded) 
on more complex tasks (Greenough, Wood, & Madden, 1972: 
Goeckner et al. 1974). Several reports have indica ted tha t 
various aspects of isolation are reversed when the animals are 
regrouped (Christian, 1955; Hatch, Wiberg, & Zawidzka, 1965: 
Plaut & Grota. 1971). Christian reported that the adrenal effects 
of crowding following isolation were greater, in a 3-week period, 
with increasing group size up to 16 animals. This suggests that 
those aspects of isolation which contribute to poor performance 
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on complex learning tasks may be reversed (in a 4-week period) 
to a greater extent by overcrowding than by less intense social 
grouping. 

In general, taken with previous findings, these results indicate 
that overcrowding during development affects the ability of rats 
to perform complex tasks, and that these results cannot be 
attributed to the proactive or concurrent effects of crowding 
during testi..,g. Whether crowding for longer periods following 
maturation may have similar effects-or whether negative effects 
may be produced o'11y during development-remains to be 
determined. 
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