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Imprinting in Birds

Research has borne out the concept of imprinting as a
type of learning different from association learning.

Thirty years ago Konrad Lorenz, the
Austrian zoologist, formulated the con-
cept of imprinting as a result of his
observations of the primary socializa-
tion process in newly hatched birds
(/). At the time, studying species such
as greylag geese and partridges, where
the young are able to locomote on
their own soon after hatching, he
thought the process to be peculiar to
birds. Basically, Lorenz found imprint-
ing to be an emotional bond of the
young to the parent, formed very rap-
idly soon after hatching. This specific
attachment to the parent was depend-
ent on the parent’s being the first mov-
ing object experienced by the young;
when Lorenz himself took these young
animals while they were still a few
hours old and had them follow him
before seeing their own mother, they
would thereafter regard him as their
parent, ignoring their  biological
mother.

Although little experimental work on
imprinting has been done by the Lo-
renz group since these initial observa-
tions, there has been a steady increase
in imprinting research in laboratories
in Burope, and even more in the
United States. The first paper by Ram-
sey and myself (2), published in
1954, was the beginning of mounting
series of studies by numerous investi-
gators; the bulk of this work is cov-
ered by an excellent review article by
Moltz (3). Rather than duplicate his
cfforts, I discuss here the work which
has been going on in our University
of Chicago and Maryland laboratories
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since publication of my last article of
this type, which appeared 5 years ago
(4). Since that time, a great deal of
observation and laboratory research on
imprinting has been carried on with
precocial bird species—that is, species
in which the young are hatched at
a relatively advanced developmental
stage so that they are able to move
about readily at an early age. While
several experimenters in the area of
imprinting seem to regard it as the
same as simple association learning,
our own research has led us to a
different conclusion. Association learn-
ing is a widespread behavioral phe-
nomenon and has come to dominate
much psychological research. A great
deal has been found out about associa-
tion learning—for example, that prac-
tice makes perfect, old habits can be
replaced by new ones, and so on. Thus,
it is natural that some experimenters
have approached the problem of im-
printing with the assumption that it is
a form of association learning. But all
of our experiments have led us to dis-
card this assumption, for the more we
have studied imprinting, the more
firmly we have become convinced that
the imprinting phenomenon is consid-
erably different from ordinary associa-
tion learning.

Before considering our more recent
research, I will review briefly some of
the earlier experimental findings which
led us to this conclusion. Knowledge
of these findings is necessary to an
understanding of the implications of
our newer investigations.

1125 (lower), C. R. Hosler, ibid. 89, 319 (1961),
Page 1126, J. Korshover, “Synoptic climatology
of stagnating anticyclones east of the Rocky
Mountains in the United States for the period
1936-1960"" (U.S. Weather Bureau, unpublished).
Page 1127, D. B. Turner, “A simple diffusion
model for an urban atmosphere,” in preparation.

Early Findings

One of the most important of these
earlier findings is that there is a “criti-
cal period” in the life of the bird dur-
ing which the imprinting eXxperience
is most effective in determining the
character of its adult social behavior
(2). The critical period for imprinting
in chicks and ducklings lasts, at the
most, from the time of hatching up to
32 or 36 hours of age, and the peak
of sensitivity to the imprinting experi-
ence occurs at 13 to 16 hours of age
in both species. We did not, of course,
originate the idea of a critical period
in imprinting, for Lorenz had already
stated in 1935 that imprinting could
occur only during a specific life period
in the animal. Such limited “critical
periods,” during which the animal is
extremely susceptible to the effects of
certain kinds of experiences, have
never been found in cases of associa-
tion learning. This is apparently one
reason why some researchers have
resisted the idea of critical periods in
imprinting. Nevertheless, my associates
and I have found that the “critical
period” is a basic characteristic of im-
printing, for we have never failed to
find its existence and importance. What
is more, if experimentation on im-
printing is carried out with animals
who are beyond the critical age pe-
riod, then only association learning,
and not true imprinting, is possible.
This fact has not been fully recognized
by experimenters who believe that im-
printing and association learning are
the same processes.

Another basic difference which my
associates and I have found between
imprinting and association learning
concerns the manner in which learn-
ing behavior is affected by drugs
(5, 6). We found that administration
of meprobamate or carisoprodol to
chicks and ducklings learning a color
discrimination problem involving food
reward does not depress their ability
to learn the problem. In fact, they may

The author is chairman of the department of
psychology at the University of Chicago, Chi-
cago, Il
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even learn it better. But when we at-
tempt to imprint animals that are un-
der the influence of these drugs they
subsequently show little effect of the
imprinting experience. We have found
that these drugs interfere with the
process of imprinting rather than with
retention of imprinting effects, for ani-
mals imprinted normally but tested for
strength of imprinting under the in-
fluence of either drug exhibit the usual
effects of imprinting.

In association learning, spacing of
effort or practice trials, rather than
massing, promotes effective learning.
The converse is true for imprinting.
We have demonstrated that it is the
amount of following done by the ani-
mal during the imprinting experience,
not the amount of time spent in fol-
lowing, that determines the effective-
ness of the experience in forming a
bond between the young animal and
the parent object (2). We determined
this by having the young animal follow
the parent object for fixed distances
during varying periods, and by having
it follow the object for varying dis-
tances in a fixed period; the actual dis-
tance followed was found to determine
the strength of the animal’s subsequent
attachment to the object. Having an
animal follow the mother object while
climbing inclined planes, thus expend-
ing more effort than it would in trav-
eling the same distance on a level
surface, also resulted in stronger at-
tachment to the mother object. This
relationship between the amount of
following, or of effort expended, dur-
ing the imprinting experience and the
strength of imprinting is described by
the “law of effort,” which states that
the strength of imprinting is a logarith-
mic function of the amount of effort
expended during the imprinting experi-
ence. We have now found that under
certain conditions the law of effort
must be further defined and qualified,
for it operates in conjunction with
certain specific conditions, particularly
with respect to the critical period and
to whether or not the animal has
already become attached to a social
object.

There is another striking difference
between Iimprinting and association
learning. In association learning, pain-
ful or aversive stimulation causes ani-
mals to avoid association with the ob-
ject connected with the painful stimu-
lation, but the opposite is the case in
imprinting. If a young duckling is be-
ing imprinted to a human being who
steps on its toes, the duckling does not
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Table 1. Significance of difterences between groups, according to the Mann-Whitney U-Test
(see text). N/A, not applicable; N/S, not significant.

16- 24- ) 36- 48- ) H106UI', Hchur, H:i>6ur, H‘t)gur,

Group Hour,  Hour, Hour, Hour, social- social-  social- social-
control control control control ized ized ized ized

16-Hour, control .020 .010 .006 .007 N/A N/A N/A
24-Hour, control .020 N/S .008 N/A .0003 N/A N/A
36-Hour, control 010 N/S N/S N/A N/A .0003 N/A
48-Hour, control .006 .008 N/S N/A N/A N/A .0003
16-Hour, socialized .007 N/A N/A N/A N/S .0003 N/S
24-Hour, socialized /A 0003 N/A N/A N/S .0003 N/S
36-Hour, socialized N/A N/A .0003 N/A .0003 .0003 .0008

48-Hour, socialized N/A N/A N/A .0003 N/S N/S .0008

run away from the careless human be-
ing in fear; on the contrary, it stays
even closer. This observation led us to
conclude that the enhancing effect of
such painful experience on the degree
to which the animal imprints repre-
sents a basic difference between im-
printing and association learning. Re-
cent laboratory work has confirmed
this conclusion drawn from naturalistic
observation.

Finally, we have found another con-
trast between imprinting and associa-
tion learning, one indicated by Lo-
renz’s original work on imprinting, in
which he found that hatchlings first ex-
posed to him would not form an at-
tachment to their own mother. In as-
sociation learning, whatever has been
most recently learned has greater in-
fluence on an animal’s behavior, while
in imprinting, the object to which the
animal is exposed first is the one to
which it is most strongly attached.
This we have determined by exposing
animals successively to two different
imprinting objects during the critical
age. The animals showed imprinting to
the object to which they were exposed
first more frequently than to the object
to which they were exposed last. This
greater difficulty in imprinting to a
new object after having become at-
tached to another object was the rea-
son why Lorenz stated that imprint-
ing, once set in motion, cannot be
erased or reversed.

These five differences between im-
printing and association learning which
my co-workers and I have postulated
have been amplified and confirmed by
our recent laboratory investigations. In
addition, we have discovered some of
the factors which appear to be re-
sponsible for other experimenters’ re-
sults which have led to conclusions
divergent from our own.

For example, some experimenters
have housed their animals communally,

in lighted pens, with or without food
and water, prior to the first imprint-
ing experience, while we have always
maintained our subjects in visual isola-
tion so as to preclude the effects of
prior socialization. The observed ef-
fects of primacy versus recency have
justified our adherence to this proce-
dure, for if we are to properly study
imprinting, we must make certain that
no imprinting has occurred before the
desired imprinting experience takes
place.

Effect of Socialization on

Following and Imprinting

In chicks. We decided to expose
experimental animals to the company
of their siblings at different times be-
fore the imprinting experience with a
parent substitute in order to determine
precisely the effect of such prior so-
cialization on the animals’ ability to
imprint to this parent surrogate (see
7).

In this experiment 370 Vantress
broiler chicks, all hatched in our lab-
oratory darkroom, were studied. These
chicks were isolated in individual boxes
in the darkroom, without food or wa-
ter, until they were used experimen-
tally. The chicks that had been ex-
posed to the company of their siblings
before the imprinting experience were
removed from their boxes and placed
with siblings in a lighted section of a
standard brooder for 2 hours. All the
chicks were placed individually in the
Hess imprinting apparatus (see 4) and
observed during a 22-minute imprint-
ing procedure. The imprinting model
to which they were exposed was a blue
ball (Ostwald pa 14), 16 centimeters
in diameter, having a speaker inside
it which gave a continuous and rhyth-
mic call of “come, chick, chick,
chick, chick.” During the imprinting
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procedure the ball was stationary for
10 minutes and then made four trips
around the 10-foot runway, moving
intermittently.

Two principal groups of subjects
were established. The first, the control
group, consisted of 220 chicks divided
into four subgroups according to the
age at which imprinting occurred. Each
subgroup contained 50 to 70 animals.
These chicks had all remained in the
darkroom without visual or social ex-
perience of any kind until the time
of imprinting.

The other principal group, the so-
cialized group, was made up of 150
animals divided into four subgroups
according to the age at which imprint-
ing occurred; each subgroup contained
30 to 50 animals. All these chicks had
been exposed, in the brooder, to the
company of their siblings for 2 hours
just prior to the imprinting experience.

Figure 1| shows the mean distance
(in feet) that the model was followed
by the animals of each of the eight
subgroups. The control chicks (isolated
prior to testing) showed the greatest
tendency to follow the model if they
were first exposed to it at the age of
16 hours. It is evident that the control
animals show a steadily decreasing dis-
position to follow the model as a func-
tion of increasing age at time of ex-
posure. As may be seen in Table 1,
all the chicks that had had socializa-
tion prior to the imprinting experience
followed the model significantly more
than the isolated animals did; this was
particularly true for chicks in the 36-
hour age group. The effect of socializa-
tion is quite evident, particularly in

when the imprinting response normally
falls off sharply.

In a separate study (8) my associ-
ates and I were able to determine the
effects of exposure to light alone on
the “following” response and to assess
whether increased amounts of follow-
ing by the socialized animals results in
a greater degree of imprinting. To test
for the effects of light alone, 56 Van-
tress broiler chicks were divided into
four groups of 12 to 16 animals each.
The normal procedures for hatching
and isolation, as outlined above, were
followed. Two control groups of 14
chicks each were imprinted normally
at 16 and 48 hours, and two experi-
mental groups (N = 12, N = 16) were
subjected for 2 hours to patterned light
prior to exposure to the imprinting
model. While exposure to the patterned
light had little effect on the behavior
of the animals exposed to the model
at the age of 16 hours, it led to in-
creased following in the group exposed
to the model at the age of 48 hours,
but the effect was much less than in
the animals previously exposed to both
light and socialization.

In the same study, 44 chicks, di-
vided into isolated (control) and so-
cialized groups, were first imprinted at
16 and 36 hours, then tested for
strength of imprinting. Again, the
procedures of hatching, isolation, so-
cialization, and imprinting were those
followed in the larger study, except
that, after the imprinting experience,
the animals were returned to their in-
dividual boxes and isolated in the dark-
room for 24 hours, until the time of
testing.

consisted of placing each animal in the
imprinting apparatus between the mod-
el to which it had been exposed and
a group of four chicks in a clear
plastic enclosure. The scores were
based on the degree to which the ani-
mal was attracted to the model. For 2
minutes the model was kept silent and
stationary; for another 2 minutes the
model emitted sound and was station-
ary; during the third 2-minute period
the model was silent and moving; and
during the fourth period the model
emitted sound and moved. 1f the chick
chose to be near the model during all
four periods, it was scored 100 per-
cent.

Table 2 shows the correlations be-
tween amount of following and test
scores for each of the four groups. It
is clear from these correlations that
the only animals which gave evidence
of imprinting to the model were ani-
mals in the 16-hour-old isolated group,
although this group ranked third in
regard to following of the model. In
contrast, while the 36-hour socialized
group showed the greatest amount of
following and the 36-hour isolated
group showed the least, there is no
evidence of imprinting to the model
in either group. Even though the so-
cialized chicks in the 16-hour group
followed the model well, it is clear
that they were imprinted to their
siblings and not to the model.

At each age, the socialized groups
showed significantly more following be-
havior than the control groups did (for
the 16-hour group, p = .05; for the
36-hour group, p = .001). While there
was little difference between the means

animals exposed to the model at ages Testing for strength of imprinting for the two socialized groups, there
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Fig. 1 (left). Mean distances (in feet) that the model was followed during imprinting by inexperienced controls and by chicks so-

cialized prior to imprinting.
imprinting model in ducklings.
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Fig. 2 (right). The effect on following of the interval between socialization and exposure to the
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was a marked difference between the
means for the two control groups; the
results were significant at the 0.02 lev-
el, according to the Mann-Whitney
U-Test.

It is evident from these results that
the law of effort operates only if the
chicks, at the time of exposure to the
model, have not already been exposed
to the company of their siblings and
are not past the critical period for im-
printing. The only group that met
these criteria was the 16-hour iso-
lated group, and here the amount of
following is positively correlated with
the strength of imprinting as de-
termined in the tests made 24 hours
later. Thus, the importance of the criti-
cal period and of primacy rather than
recency are again apparent. If animals
are past the critical period at the time
of exposure to the model, or have had
previous social experience, then it is
questionable whether true imprinting
can occur, and the amount of follow-
ing by chicks under such conditions
may indicate very little about imprint-
ing.

In ducks. Ramsay and I (9) made
another study of the effect of socializa-
tion, on the ability of ducklings to
imprint to a model. We made the study
on ducklings because we have found
that the different bird species do not
all imprint equally well; these differ-
ences are apparently related to some
extent to the degree of domestication
which has occurred.

Wild mallard ducklings (N = 261),
hatched in our laboratory, were the
subjects for the first phase of this
study. Like the chicks, the ducklings
were hatched in the dark and kept in

Table 2. Correlation, for four groups of chicks, between (i) amount of following and test
scores and (ii) mean rank of following and test scores.

Mean
Age at .
Group imprinting fd(;lslt(?»r‘:zz Rank M::;;:St Rank Correlation™
(hr) (m)
Control 16 5.5 3 5.75 1 +0.76
Socialized 16 9.3 2 1.00 4 -—0.78
Control 36 1.5 4 2.00 2 +0.02
Socialized 36 10.0 1 1.50 3 +0.08

* Spearman rank correlation coefficient.

individual isolation boxes. Ducklings in
one group (N 144) were exposed
to the company of their siblings for 2
hours during the peak of the critical
period for imprinting (13 to 16 hours
after hatching) and then returned to
their isolation boxes and kept in them
for various lengths of time before ex-
posure to the model. This group of
ducklings was divided into five sub-
groups, according to the length of the
period of isolation between socializa-
tion and imprinting. Another 33 duck-
lings were used as controls; these had
no socialization or visual experience
prior to imprinting at the age of 14
to 16 hours.

Figure 2 shows the mean amount
of following and the mean scores ob-
tained in the testing for imprinting
strength 24 hours after imprinting.
The test for imprinting strength was
the same as that described by Ramsay
and Hess (2). It is clear that, as the
interval between socializing experience
and imprinting increased, the amount
of following also increased: the ani-
mals which had been isolated for 11V
to 15 hours after the socialization
period followed the model to approxi-
mately the same extent that the con-
trol animals did [the average for the

controls was ~ 1912 meters (64.3 ft)].
On the other hand, whereas the con-
trol animals had test scores of 5.35,
none of the animals in the experi-
mental groups had test scores as high
as this.

Thus it appears that when ducklings
are exposed to the imprinting model
soon after having been socialized, they
essentially reject the model. However,
the animals appear to have been
“primed” by the socialization so that,
long after socialization has taken place,
they follow the model almost as much
as 14- to 16-hour-old unsocialized duck-
lings do and more than unsocialized
ducklings of their own age do. How-
ever, the test scores for the socialized
ducklings are lower than those for the
14- to 16-hour-old unsocialized duck-
lings; thus it is clear that the processes
occurring in these socialized animals
are completely different from those oc-
curring in 14- to 16-hour-old unso-
cialized ducklings, even though the
amount of following is similar.

‘We can see the effect of the critical
period more clearly if we rearrange
the data according to the age of the
animals at the time of the imprinting
experience, as in Fig. 3. Here it seems
that when both socialization and im-
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Fig. 3 (left). Mean distances (in feet) that the model was followed, and test scores, for groups of socialized animals imprinted at

different ages.
during the critical period only.
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Fig. 4 (right). The effect on following of the interval between socialization and imprinting in ducklings imprinted
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Fig. 5 (left). Mean distances (in feet) that the model was followed by three groups of chicks given 11 heavy electric shocks dur-

ing imprinting at different ages, compared with distances for unshocked controls.

Fig. 6 (right). Mean distances (in feet) that the

model was followed by three groups of chicks given 11 heavy electric shocks during imprinting at different ages, compared with

distances for unshocked controls.

printing occur early in the life of the
animals, both the amount of following
and the test scores are very low. As
age increases, together with increase in
the interval between socialization and
imprinting, there is a rise both in test
scores and in following. This trend is
the opposite of that normally found
with isolated ducklings, for which fol-
lowing and test scores decrease with
age.

We used 84 mallard ducklings from
the group of 261 for the second phase
of this study. These animals were given
2 hours of socialization early in life
and then were exposed to the model at
the peak of the critical period for im-
printing, 13 to 16 hours of age. As
before, the intervals of visual depriva-
tion and isolation in individual com-
partments between the socialization and
imprinting were varied; these intervals
ranged from O to 11 hours. The ani-
mals were divided into four groups,
according to length of isolation time.
Figure 4 shows the amount of follow-
ing and the test scores for these groups
at the time of testing, 24 hours after
imprinting. For these 84 animals the
effect of isolation on test scores was
exactly the opposite of that for the
animals in the group of 144. Evidently,
then, when imprinting occurs during
the peak of the critical period (13 to
16 hours), a relationship is obtained as
follows: the longer the interval between
time of socialization and imprinting
(that is, the younger the animal at the
time of socialization), the greater the
inhibition of following and the lower
the test scores.

1132

When the results for the two
experimental groups are taken to-
gether, it seems that a 2-hour period
of socialization with siblings has a nega-
tive effect on the imprintability of duck-
lings which are later exposed to the
imprinting model, and that the earlier
in the life of the duckling the socializa-
tion occurs, the stronger the negative
effect is. This effect is especially notable
when the ducklings are imprinted dur-
ing the normal peak of sensitiveness.
These findings seem to indicate that
strong emotional attachments can be
formed in ducklings before the critical
age for imprinting, as determined in
our laboratory.

It is apparent that, basically, sociali-
zation lowers imprinting strength in
both species, ducks and chicks. It is
also clear that these results support our
earlier findings regarding the impor-
tance of primacy rather than recency
in imprinting. The difference between
the two species in specific effects of
prior socialization also indicates the
effects of domestication on the nature
of the following response during the
imprinting experience. Chicks normally
do not imprint as well as ducklings
do. In chicks, prior socialization with
siblings enhances the amount of fol-
lowing, particularly in animals imprint-
ed at the age of 36 hours, whereas,
in ducklings, socialization decreases the
amount of following. The two species
are similar in that prior socialization
with siblings prevents young animals
from achieving imprinting test scores
as high as those normally attained by
14- to 16-hour-old isolated and visually

inexperienced control animals. There-
fore, it must be concluded that the fact
that an animal can, under certain cir-
cumstances, follow quite well even
though it was not exposed to the model
until after the critical period does not
mean that it is imprinting as well as
previously unsocialized and visually in-
experienced animals imprinted at the
critical age. Thus, the importance of
the critical period is again demonstra-
ted, in the fact that the processes which
occur during the critical period are dif-
ferent from those which occur after-
ward.

It may also be concluded, on the
basis of these results, that animals im-
print only to the first moving object
introduced into their environment—that
is, primacy, and not recency, is the
more important principle. In fact, im-
printing must function in this way to
be of any value to an organism under
normal circumstances, for in order that
the young animals not stray away from
parental protection when they are first
able to move about on their own, im-
printing must occur early in life, and
to the first moving object seen, which,
in the natural situation, is the parent.
The high degree of following that can
be obtained in already socialized ani-
mals which are past the critical age
for imprinting must be considered to
result from association learning proc-
esses or to be related to a completely
different function, not to true imprint-
ing, for it is apparent from our re-
search that a different kind of social
bond is being formed under such cir-
cumstances.
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Effect of Electric Shock

on Following and Imprinting

The importance of the critical period
and the fundamental differences between
imprinting and association learning have
been demonstrated not only by the ex-
periments on socialization but also by
recent experiments on the effects of elec-
tric shock on the following tendency of
birds during the imprinting experience
(10). These experiments were begun
in order to test our earlier informal
observation that stepping on a duck-
ling’s toes apparently increased its dis-
position to follow a human being.

In the first such experiment the sub-
jects were 60 Vantress broiler chicks
hatched at our laboratory. These chicks
were divided into three age groups (18,
32, and 48 hours at time of imprint-
ing), and each age group was further
subdivided into two treatment groups
—a control group and an experimen-
tal group. All the animals were hatched
in a darkroom and kept isolated in in-
dividual boxes until the time of ex-
posure to the imprinting model. Again,
the Hess imprinting apparatus was used,
and the model to which the animals
were exposed was a blue ball 16 centi-
meters in diameter. Inside the ball was
a loudspeaker emitting the recorded
sound “Come, chick, chick, chick,
chick.”

The experimental animals received 11
electric shocks, each of approximately
3-milliampere (ma) intensity and 2-
second duration, during the imprinting

through electrodes attached to the
wings of the chick. The control ani-
mals also wore these electrodes but
never received any shocks.

During the imprinting procedure the
model was stationary for 10 minutes
and was then moved intermittently
around the runway until it had com-
pleted four turns. The animal was
shocked once during the initial 10 min-
utes, once during the first turn, twice
during the second turn, three times
during the third turn, and four times
during the fourth turn.

Figure 5 shows the total amount of
following of the model for each of the
three age groups. It may be seen from
Fig. 5 that the administration of shock
doubles the amount of following at the
age of 18 hours, during the critical
period, but halves it at the end of the
critical period. For the 48-hour group,
the amount of following in control ani-
mals is so low that there is little statisti-
cal difference between results for con-
trol and for experimental animals.

In order to clarify some of the fac-
tors involved in this enhancing effect
of electric shock on following during
the critical period and this inhibitory
effect after the critical period has
passed, a further experiment was car-
ried out in which the intensity and num-
ber of shocks were varied for each
age group.

A group of chicks (N = 120) was
divided into three age groups (14, 18,
and 32 hours at time of imprinting),
and each age group was further sub-

a control group; the second consisted
of animals which received 11 shocks of
1-milliampere intensity, scheduled as
before. The third subgroup received 27
shocks of 1-milliampere intensity dur-
ing the imprinting experience, while
the fourth consisted of animals which
received 27 shocks of a higher intensi-

ty (3 ma) during imprinting. All
shocks lasted %2 second. The 27
shocks for the third and fourth sub-

groups were scheduled as follows: three
shocks during the initial 10-minute ex-
posure to the stationary ball, six shocks
during each of the four turns of the
ball around the runway. In all other
respects the imprinting procedure for
animals in each of the groups was the
same as for animals in the experiment
just discussed.

Figures 6—8 show the total amount
of following of the model for each of
the three age groups and for various
degrees of shock. In animals that re-
ceived 11 shocks of 1-milliampere in-
tensity, the 14-hour-old chicks followed
approximately one-third more than the
control animals did; as before, the
shocked 18-hour-old animals followed
almost twice as much as the control
animals of the same age did. How-
ever, in the 32-hour group the amount
of following by the shocked animals
was only one-fourth that for the con-
trol animals.

When the animals were given 27
shocks of 1-milliampere intensity, the
amount of following was one-third
higher for shocked 14-hour-old chicks

procedure; the control animals received divided into four different treatment than for nonshocked control chicks of
none. The shocks were delivered groups. One of the four subgroups was the same age. In the 18-hour group the
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Fig. 7 (left). Mean distances (in feet) that the model was followed by three groups of chicks given 27 light electric shocks during

imprinting at different ages, compared with distances for unshocked controls.

Fig. 8 (right). Mean distances (in feet) that the

model was followed by three groups of chicks given 27 heavy electric shocks during imprinting at different ages, compared with

distances for unshocked controls.
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amount of following was one-third
higher for the shocked chicks than for
the controls. In the 32-hour group the
amount of following for the shocked
chicks was about half as much as that
of the controls.

In chicks that had been given 27
shocks of 3-milliampere intensity it
was found that the amount of following
was about one-fifth less in 14-hour-
old shocked animals than in the con-
trols. In the 18-hour-old chicks, shock
definitely decreased the amount of fol-
lowing: the shocked chicks did only
one-fourth as much following as the
controls. The effect was just as drastic
for the 32-hour-old chicks: the shocked
animals did about one-fifth as much
following as the controls.

The finding that the effect of electric
shock on the amount of following in
the imprinting situation is highly de-
pendent on the age of the animal is
further evidence of the importance of
the critical period in imprinting, and
supports the postulation that the im-
printing process is fundamentally dif-
ferent from the usual association learn-
ing with respect to the effect of aversive
or painful stimulation. Administration
of rather strong and frequent electric
shock in the course of exposure to the
model during the critical period inter-
fcres only slightly with the animal’s
tendency to follow, and animals
shocked at lesser intensities actually fol-

low more than unshocked controls. But
the administration of electric shock dur-
ing exposure to the model after the
critical period has passed decreases the
tendency of the animals to imprint,
and the effects are exactly the same
as in association learning processes.
This, of course, gives substantial sup-
port to the notion that the processes
occurring after the critical period has
passed are association learning proc-
esses.

Other Imprinting Situations

These experiments on the effects of
prior socialization and the effects of
electric shock on imprintability reflect
the unique characteristics of the im-
printing process during the primary so-
cialization of young birds. By means
of the imprinting process, in the natural
situation the young bird learns very
quickly the visual and auditory char-
acteristics of its parents and also of
the entire species to which they be-
long. However, we have recently dis-
covered that imprinting processes do
not occur only during the period of
primary socialization but occur also in
certain other important early learning
situations in chicks and ducklings.
Thorpe (I11) has suggested the possi-
bility that some animal species are im-
printed to the habitat in which they

Fig. 9. Schematic diagram of the Hess pecking apparatus. Enlarged representations of
the stimuli are shown at upper right.
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live, but this “environment imprinting”
has not yet been demonstrated experi-
mentally. We have found what appears
to be an imprinting of young birds to
the characteristics of food objects.

Several years ago Robert Fantz (12),
using the Hess pecking preference ap-
paratus (see Fig. 9), studied the innate
pecking preferences of young chicks
for small objects of different shapes. He
studied these preferences by counting
the number of times the chicks pecked
the objects presented to them. He at-
tempted to assess the effects of the op-
portunity to obtain food directly from
objects of a certain shape upon the in-
nate preferences and found that there
were temporary changes in preference.

Since then my associates and I have
carried out many experiments (I3) in
which, through food rewards, newly
hatched chicks have been stimulated to
peck at shapes they do not normally
prefer to peck at and to neglect nor-
mally preferred shapes. We attached a
hollow holder to the back of each
stimulus object and filled the holder
with fine grain. Figure 9 shows (dark
area in stimulus object at upper right)
how the chicks could peck through a
small hole in the stimulus object and
thus obtain food directly from the
grain holder. It was found, when 3-
day-old chicks were used, that if peck-
ing at a stimulus usually not much
pecked at is reinforced and pecking at
a normally preferred stimulus is not
reinforced, over a period of about 2
hours, the chicks will subsequently peck
more at the normally less preferred
stimulus, not only during the period of
reinforcement but also during extinc-
tion, when the food reward is no longer
given. The effect upon pecking pref-
erences of such a short period of re-
ward appears to be rather stable and
can last over a 10-day period of ex-
tinction, in which the chicks are tested
from 4 to 6 hours each day.

It is obvious that, in this situation,
the chicks have learned what objects
they must peck at in order to obtain
food. This appears to be very much like
ordinary discrimination learning, in
which the animal learns which of two
differently colored food boxes con-
tains feed. Further work, however, has
shown that the learning in the peck-
ing studies differs a great deal from
discrimination learning. We found the
first indication of this difference in an
experiment in which we varied the age
at which the food reward was present-
ed (/4).
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Fig. 10 (left). Responses of chicks given food rewards for pecking at the triangle-green stimulus at 1 day of age.
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Fig. 11 (right).

Responses of chicks given food rewards for pecking at the triangle-green stimulus at 2 days of age.

In this experiment we used two
stimuli: a small white triangle on a
green background and a small white
circle on a blue background.

Approximately 300 Leghorn chicks
were divided into six groups. At the
appropriate age, pecking at the less pre-
ferred stimulus, the triangle on green
background, was rewarded with food
for 2 hours. After this 2-hour period
the chicks were tested without food
reward for 2 hours each day. At no
time was any food reward given for
pecking at the circle on blue back-
ground, the stimulus which the chicks
innately preferred.

Chicks in the first of the six groups
were 1 day old when they were given
the food-reward experience. Only the
triangle-green stimulus was presented,
so as to increase the number of op-
portunities for rewarded pecking at this
stimulus, as 1-day-old chicks normally
do less pecking than older chicks. How-
ever, on subsequent testing days both
the circle on blue background and the
triangle on green background were pre-
sented. These chicks made 16,000 re-
sponses to the triangle-green stimulus,
all of which were rewarded, yet for
6 days following the reinforcement ex-
perience the previous reinforcement had
no apparent effect on the innate peck-
ing behavior. More than 16,000 re-
sponses were made over the 6 testing
days, with an average response to the

triangle-green stimulus of 27 percent,

which is within the control limits for
triangle-green stimulus preference in
comparison with circle-blue stimulus.
The results for this group are shown
in Fig. 10.

Chicks in the second group obtained
food rewards at the age of 2 days
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for pecking at the triangle-green stimu-
lus but not for pecking at the circle-
blue stimulus. They made over 27,000
pecks, 98 percent of them being re-
sponses to the triangle-green stimulus.
In subsequent testing there was a short-
term effect of previous reinforcement
upon pecking behavior; on the first day
of the extinction period 83.5 percent
of the responses were to the triangle-
green stimulus. However, preference
for this stimulus rapidly dropped; af-
ter 5 days of extinction testing the to-
tal cumulative response to the triangle-
green stimulus was 38 percent. For
the last 2 days of testing the responses
to the triangle-green stimulus were 16
and 24 percent, respectively. These per-
centages are no higher than percent-
ages for the controls; thus, the effect
of reward had been completely ex-
tinguished by the last 2 days of testing.
The results obtained from this group
are shown in Fig. 11.

On the other hand, chicks in the third
group, given the food-reward experience
at the age of 3 days, showed behavior
quite different from that of the 1-day
and 2-day groups: they made 45,000
reinforced responses, or 99 percent of
all responses, to the triangle-green stim-
ulus during the reinforcement period.
During the 7 days of extinction test-
ing the response to the triangle-green
stimulus remained high, never dropping
below 93 percent of the cumulative to-
tal of nearly 83,000 responses. Even
on the last day of testing, responses
to the triangle-green stimulus were 93
percent. Thus, the effect of reinforce-
ment was quite strong and permanent
for this group, as may be seen in Fig.
12.

The preferences of chicks in the

fourth group were tested for a 2-day
period, when the chicks were 3 and 4
days old, prior to the food-reward ex-
perience. During this time the response
was within usual limits for nonrein-
forced pecking, 23 percent of the
pecks being made at the triangle-green
stimulus. When the chicks were 5 days
old, pecking at the triangle-green stim-
ulus was reinforced. During this time,
98 percent of the responses, or 40,000
pecks, were made to the triangle-green
stimulus. In the next 5 days, during
the extinction period, there was definite-
ly an effect of previous reinforcement
upon pecking behavior, as shown in
Fig. 13, but the effect was not as
strong as it was for the 3-day-old group.
The preference for the triangle-green
stimulus gradually declined over the
period of extinction to a total of 79
percent of cumulative responses. On
the last day of testing, 69 percent of
the responses were to the triangle-
green stimulus.

Chicks in the fifth group, given food
rewards at the age of 7 days for peck-
ing at the triangle-green stimulus,
showed no effect of reinforcement upon
their innate preference, which had been
tested when they were 4, 5, and 6
days old. During these days of pre-
reinforcement testing, 35 percent of
their responses were to the triangle-
green stimulus. During the 3 days of
extinction testing following reinforce-
ment, the percentage was even lower
than that for the pre-reinforcement
period: at the end of the extinc-
tion testing, 14 percent of the total
number of cumulative responses had
been made to the triangle-green stimu-
lus (see Fig. 14).

Chicks in the last group, given food
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Fig. 12 (left). Responses of chicks given food rewards for pecking at the triangle-green stimulus at 3 days of age.
Responses of chicks given food rewards for pecking at the triangle-green stimulus at 5 days of age.

rewards at the age of 9 days for peck-
ing at the triangle-green stimulus,
likewise showed no effect of reinforce-
ment upon their innate pecking prefer-
ence. Their response to the triangle-
green stimulus during the 4 days of
pre-reinforcement testing was 10 per-
cent of all responses. After withdrawal
of the reward, the response to the
triangle-green stimulus was 20.5 per-
cent (see Fig. 15).

In Fig. 16 are plotted, by age groups,
the cumulative percentages of responses
to the triangle-green stimulus during
the extinction period. The resulting
curve suggests very strongly that there
is a period of maximum effectiveness
for modification of innate pecking pref-
erences by food reinforcement, and
that the peak of this period is on the
3rd day of age. It may be that the
peak is, in fact, at the 4th day of age
and, in addition, that we would have
an even smoother curve if we had data
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for the effect of reinforcement at the
ages of 4, 6, and 8 days. Nevertheless,
the general conclusion is inescapable:
there is a definite “critical period” dur-
ing which food reinforcement is most
effective in modifying innate pref-
erences for pecking at certain objects.
The more the animal’s age differs from
3 days, the less effective food reinforce-
ment is.

As in the case of imprinting, the
existence of a critical period for this
learning of objects associated with food
distinguishes such learning from ordi-
nary learning in which food is used
as a reward and in which discrimina-
tion between two different visual stimu-
li is required. That there should be a
critical period for the learning of food-
associated objects seems reasonable,
since after the age of 3 days a chick
no longer has sufficient nutritional re-
sources from the yolk sac to continue
to survive without other nourishment;

6
Age (days}
Fig. 13 (right).

unless it acquires food by pecking at
appropriate objects it will die.

Further research on the modification
of innate pecking preferences by means
of direct food reward has indicated
that the existence of a critical period
is not the only difference between such
learning and ordinary discrimination
learning. As mentioned earlier, while
the drugs meprobamate and carisopro-
dol have no effect on the retention
of ordinary association learning after
their effects have worn off, they pre-
vent animals from retaining the effects
of an imprinting experience. In view
of this, we made another experiment
to determine whether chicks given one
or the other of these drugs would
retain learning of food-associated ob-
jects (6).

Here we used 170 Leghorn chicks,
divided into four treatment groups. One
group consisted of animals given cari-
soprodol (16 mg) 1¥2 hours before
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Fig. 14 (left). Responses of chicks given food rewards for pecking at the triangle-green stimulus at 7 days of age.
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Fig. 15 (right).

Responses of chicks given food rewards for pecking at the triangle-green stimulus at 9 days of age.
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the reinforcement experience; another
group consisted of animals given
meprobamate (16 mg) 1% hours before
reinforcement; animals in the third
group were given water (0.2 cm®) 12
hours before reinforcement; and ani-
mals in the fourth group served as
controls, being given neither reinforce-
ment nor a drug. For each of the
three experimental groups, for a 2-hour
period at the age of 3 days, pecking
at the triangle-green stimulus was rein-
forced but pecking at the circle-blue
stimulus was not.

On each of 6 days following the rein-
forcement experience, for each of the
three experimental groups, there was
a 2-hour period of extinction testing, in
which pecking at one or other of the
two stimuli was unrewarded. The ani-
mals in the control group were placed
in the apparatus for 2 hours on each
of these days, but pecking was not re-
inforced by food reward at any time.

Figure 17 shows the results, in terms
of percentage of pecks at the triangle-
green stimulus, obtained during the
final 6 days of testing, in which there
was no reinforcement or administration
of drugs. Chicks in all three experi-
mental groups had been pecking at the
triangle-green stimulus during the re-
inforcement period at a level of precise-
ly 99 percent. The value for the con-
trol group for the final 6 days of test-
ing was between 7 and 21 percent,
while for the group given water the
value was between 55 and 58 percent,
showing the effect of reinforcement.
However, animals in the other two ex-
perimental groups (those given cariso-
prodol or meprobamate) showed a pref-
erence much closer to that of the con-

trol group than to that of the group
given water before food reinforcement.
The value for the animals given cariso-
prodol before food reinforcement was
between 21 and 29 percent, while the

value for the animals given meproba-

mate was between 10 and 12 percent.
It may readily be seen that the ani-
mals given one or the other drug before
the reinforcement experience behaved
during the extinction period essentially
as if they had never been given a
food reward.

The adverse effect of carisoprodol
and meprobamate on retention of the
effect of food reinforcement on peck-
ing preferences is, again, evidence of
a difference between the processes in-
volved in the modification of innate
pecking preference—that is, the im-
printing of food objects—and ordinary
discrimination or association learning.
Indeed, we now speak of “imprinting
of food objects,” since all our experi-
mental findings thus far have demon-
strated that the processes involved in
this early learning of food objects are
more similar to the imprinting proc-
esses that we have seen in the primary
socialization of certain bird species
than to the usual discrimination learn-
ing processes.

A third, related area in which my
associates and I are doing experimen-
tal work is environmental imprinting.
As mentioned earlier, the existence of
the phenomenon of environmental im-
printing has been suggested (1), but
no systematic study has been made. In
an earlier paper (I5), results were pre-
sented of studies in which chicks were
exposed to a patterned environment at
different times during the first several

days after hatching; it was found that
a behavioral effect could be found only
in animals exposed during the 2nd day
of life. We have been impressed by
recent observations, at our Lake Farm,
Maryland, laboratory, of mallard ducks,
maintained from hatching to aduithood
in a natural environment, exhibiting
long-range effects of early environ-
mental experience. The free-environ-
ment area near the laboratory offers
nesting birds the opportunity to choose
nesting sites on the ground in surround-
ing marshes or in elevated nest boxes.
Only animals hatched in the incubator
have chosen the boxes; the nest-hatched
birds nest on the ground.

These observations are the basis for
a set of experiments currently in prog-
ress to determine whether exposure to
the nest site is crucial during the 2nd
day of life, as exposure to the patterned
environment appears to be with chicks.

Implications for Analysis

of Behavior

While we now consider food imprint-
ing and social imprinting in birds to
be highly similar, we do not expect
to find them alike in all respects, for
they are related to two very different
vital functions—social cohesiveness,
necessary for the survival of a social
species, and ingestion of nutritious ma-
terial, necessary for the survival of the
individual. Further research will indi-
cate which properties of these learning
processes are basic to both and, there-
fore, characteristic of the imprinting
mechanism in general. The critical
period and the effects of drugs upon
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Fig. 16 (left). The mean rate of response to the triangle-
compared with the range for the unrewarded controls.
following food reinforcement in animals 3 days old which had

compared with rates for controls which had received no food rewards.
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green stimulas for animals rewarded with food at six different ages, as
Fig. 17 (rigljt). Rates of response to the triangle-green stimulus on 6 days
previously been given water, carisoprodal, or meprobamate, as
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the retention of imprinting can already
be considered primary characteristics of
the imprinting mechanism, while the
exact age or developmental period
for the critical period and its peak,
the class of objects which can be
learned, and the specific responses in-
volved (such as following and peck-
ing) can be regarded as secondary
characteristics of the specific imprint-
ing situation. Food reward, for ex-
ample, is completely irrelevant to so-
cial imprinting, while it is a sine qua
non for food imprinting. Similarly, the
presence of a social object is not at
all essential to learning what objects
are food objects, while it is absolutely
essential to social imprinting.

Nevertheless, while we fully expect
dissimilarities in different imprinting
situations, we predict that all imprinting
processes will be found to be basically
different from association learning proc-
esses. Even with our present limited
knowledge regarding food imprinting,
we have found this to be the case. Dur-
ing the past few years several experi-
ments have been made in which it was
attempted to treat this food imprinting
just as if it were ordinary association
learning. The results of these experi-
ments have always been totally unlike
those expected on the basis of the
demonstrated laws of  association
learning.

Our experiments on nest site selec-
tion will, it is hoped, make it possible
to plot a maturational sequence of three
imprinting phenomena in the life of
the bird, all of them occurring within
the first days of life and molding adult
behavior: filial imprinting on the Ist
day; environmental imprinting on the
2nd day; and food imprinting on the
3rd day. Maturationally scheduled
processes thus appear to be, to a large
extent, responsible for imprinting’s be-
ing a special kind of learning, different
from conventional association learning.

While there is a point of similarity
between imprinting and assocjation
learning in that a relationship or “con-
nection” is established between an ob-
ject and a response, there is a basic
distinction in that in imprinting there
is a critical period, developmentally
timed, during which certain wide classes
of stimuli act as releasers or uncondi-
tional stimuli for certain types of in-
nate responses, whereas, in association
learning, the object in question does not
act as an unconditional stimulus for the
response but is initially neutral in its
effect on the animal’s behavior. When
imprinting has occurred during the crit-
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ical period, the object to which the
animal has been exposed continues to
function as an unconditional stimulus
for this response. Only this particular
object, or objects very much like it,
will act, from this time on, as uncon-
ditional stimuli, although the range of
objects to which the animal might have
responded before imprinting had taken
place was initially quite broad.

Once the appropriate maturational
period has passed without imprinting
having occurred, for lack of exposure
to a suitable object, it is possible to
use any member of these classes of
initially suitable stimuli as a potential

~conditioned stimulus to which the ani-

mal may be trained, through conven-
tional means, to make conditioned re-
sponses. Moreover, after such training
the animal can readily generalize to
other objects, thus increasing the range
of objects to which it can make con-
ditioned responses. The learning proc-
esses which occur after the critical
period has passed are therefore not im-
printing but association learning.

Finally, even if imprinting has al-
ready occurred during the critical pe-
riod, the animal still can be trained,
through association learning, to make
conditioned responses to objects to
which it has not been imprinted. In
such a case the response to the im-
printed object may seem, superficially,
to be just like the conditioned responses
which the animal has been trained to
make to the conditioned stimulus. But
these two categories of responses are
completely different in terms of the
conditions of their origins and also in
terms of their long-range effects on the
character of the animal’s behavior.

The distinction between imprinting
and association learning thus becomes
extremely important, because social
imprinting, environmental imprinting,
and food imprinting all have counter-
parts in association learning. In the
case of social imprinting, taming is the
association-learning counterpart; thus
an animal may be tamed by human be-
ings even though the primary socializa-
tion or imprinting to members of its
own species has taken place. But the
social bond created by taming is not the
same as the bond formed by imprint-
ing, for a tamed animal will court and
attempt to mate with opposite-sex mem-
bers of its own species but not with
human beings. In the case of environ-
mental imprinting, we find the associa-
tion-learning counterpart in the fact
that a wild-caught animal may be easily
trained to sleep or otherwise spend long

periods in a particular place quite dif-
ferent from the habitat in which it
was reared. In the case of food im-
printing, we may find the association-
learning counterpart in Skinnerian-type
experiments in which birds are trained
to peck at colored lights in order to
obtain food or water. The bird’s peck-
ing response to a colored light can
soon be extinguished by withdrawal of
the food reward, whereas, in our food-
imprinting experiments, the chicks
which had been rewarded for pecking,
on the 3rd day of age, at a stimulus
which innately they preferred less were
never observed to lose their new peck-
ing preference, even after long periods
without reinforcement.

In a laboratory situation one is
often less concerned with the basic
vital function, for the individual or
the species, of the behavior being
studied than with the immediate exper-
imental situation. My associates and I
have come to feel that where any be-
havior, and particularly innate be-
havior, is concerned, the experimenter
must be constantly aware of its basic
vital function. In the case of food im-
printing, it is obvious that around the
3rd day of age the chick, in order to
survive, must have a sensitivity to food
objects which, in nature, are often
called to its attention by the mother.
The basic vital function of the im-
printing experience is perhaps less obvi-
ous. In nature, imprinting insures con-
tinuation of a social species, a consid-
eration which is often forgotten in a
discussion of imprinting in the labora-
tory.

Laboratory work is ideal for de-
termining at which periods the animal
is most susceptible to imprinting, and
what parameters of the imprinting ob-
ject are of greatest importance to it,
but laboratory work does not reveal the
effect of the early experience on the
adult behavior. Some of our studies,
both in Chicago and in Maryland, are
now concerned with the observation of
animals over long periods, under more
naturalistic conditions than those pro-
vided in a laboratory. Through studies
of this type, we hope to come closer
to determining the effects of experiences
during critical periods, and of the im-
printing processes, on the life of the
animal.
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Politics and Higher Education

The relation between government and the universities is
close and should be formally recognized.

In thinking about the mutual in-
fluence of politics and higher educa-
tion, I have been interested by a num-
ber of remarks that British profes-
sors have made in recent times con-
cerning the very rapid expansion of
colleges and universities in Britain. In-
deed, if one reads such magazines as
the Listener, it almost seems that a
person tuning into the B.B.C. programs
today hears scarcely any other topic
than that of how to deal with expand-
ing educational facilities. And since the
expansion of universities in Britain
stems quite directly from explicit politi-
cal decisions made in the late 1940,
it might be of interest to look briefly
at the ways in which government and
colleges interact, for in the next decade
Britain should provide an unusual lab-
oratory study of these processes.

I find it quite amusing that whereas,
when I was an undergraduate in Britain,
we had little but contempt for Ameri-
can universities and their (as we per-
ceived them) low standards of learn-
ing, nowadays the stream of British
academics coming here to find out how
to deal with large-scale higher educa-
tion has reached flood proportions. Tt
would appear that, although there are
still some British intellectuals who re-
gard American education as barbarous-
ly crude, the British consumer and his
supplier are showing as large an ap-
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petite for our exported academic ideas
as for such cultural exports as movies
and rock and roll, to say nothing of
the cult of youth.

The new universities, such as York,
Lancaster, and Essex, are posing prob-
lems of a kind that the British have
not had to deal with before, because
higher education for a large fraction
of the population has not until now
been a component of their cultural
or political pattern; and the general im-
pression seems to be that, even if Amer-
icans do not have all the answers to
these problems, we nevertheless have a
good many. This, also, I find rather
amusing since, unless my judgment in
these matters has gone badly awry, we
are ourselves in the middle of a fairly
profound change concerning (i) the
opinion of leading academics as to
what the role of universities should
be; (ii) the opinion of many govern-
ment officials as to what the role of
universities should be; and (iii) the
opinion of the lay public as to what
the role of wuniversities should be.
(Many of the questions raised by these
groups are described in Kerr’s book on
the “multiversity,” (I) but I do not find
that there are many satisfactory an-
swers. )

In considering this question in re-
cent weeks, my thoughts have been in-
fluenced by an article “Education as
a political exercise” by Brian Chap-
man (2); by Jacques Barzun’s Science,

- the Glorious Entertainment (3); and by

a series of articles by Christopher Rand
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in the New Yorker (4). Fred Hech-
inger’s article “Couch on Campus” (5)
provides a useful glimpse of some of
the personal problems which stem from
practices in higher education.

The most comprehensive statement
of educational policy in Britain has
been the Robbins Report (6), and Chap-
man’s analysis of the political and so-
cial implications of the Report is as
clear as any that I have read in the
British press. Although 1 do not agree
with all of Chapman’s conclusions, I
think his article is useful reading for
Americans, because our own problems
are not essentially different from those
of the British and, at least in Cali-
fornia, are having to be answered by
what are basically political decisions—
for example, the Master Plan for Edu-
cation in California.

Chapman sees the following pres-
sures operating to bring about expan-
sion of universities.

1) A purely social (and leveling) pres-
sure that will, it is supposed, do away
with what Anthony Sampson (7) calls
the “old-boy network” which still dom-
inates the Establishment. There is clear-
ly a rich vein of political ore to be
mined in this area, one that will be-
come increasingly important in this
country as civil rights programs and
the war on poverty gather steam.

2) A purely utilitarian pressure that
stems from the belief that an army of
technologists and technicians is needed
to prevent a nation from sinking in the
quicksands of international competition
in trade and political influence. When
all else fails, this argument continues
to command political support and can
be used by almost any party with an
axe to grind in the educational busi-
ness. (There appear to be some seri-
ous doubts about the validity of this
argument raised in Galbraith’s The Lib-
eral Hour (8), but Galbraith’s ques-
tioning seems largely to go unnoticed.)

3) A more sophisticated pressure,
which casts the argument in terms of
intellectual wealth rather than technical
utility. This pressure combines some
of the features of utilitarianism with
some taken from academic self-interest,
to be discussed next. This argument
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