and lymphocytes treated with medium
only gave biphasic distribution profiles
(Fig. 1, a and ¢). The neuraminidase-
treated population gave a monophasic
profile with a mean mobilty lower
than that observed in either of the
peaks of untreated cells (Fig. 1b). This
experiment was repeated four times,
with similar results.

A decrease in electrophoretic mobil-
ity may have been due to removal of
charged groups, to adsorption of sub-
stances which thus covered charged
groups, or to a rearrangement of the
surface. The reaction mixtures were
therefore also incubated in the pres-
ence of 10 mM ethylenediaminetetra-
acetic acid (EDTA) at 4°C, under
which conditions V. cholera neuramini-
dase is enzymatically ineffective. This
treatment did not disturb the diphasic
distribution profile (Fig. 1d). Thus ad-
sorption of neuraminidase cannot be
the reason for the observed changes.
These cells migrated somewhat faster
than the untreated controls, perhaps
because of the chelating action of
EDTA, which alters the electrophoretic
mobility of cultured cells (/3).

There could have been selective loss
of either B or T cells during neuramin-
idase treatment and the electrophoresis
procedure. Therefore, samples from the
peak fraction of the neuraminidase-
treated and electrophoretically sepa-
rated cells were tested with antiserum
to MBLA and antiserum to 6 (3, 4).
In the presence of complement, 28
percent of the cells were killed by the
antiserum to MBLA; as judged by the
trypan blue dye exclusion test, and 58
percent were killed by antiserum to 0
(Table 1). This roughly corresponds to
the amounts of B and T cells in the
untreated material and proves that se-
lective loss has not taken place.

Thus, the difference in electropho-
retic mobility and hence in the density
of charged groups on the surfaces of
B and T lymphocytes seems to be due
to different amounts of sialic acid ex-
posed at the electrokinetic plane of
shear. The 0 antigen cannot be respon-
sible for the difference, since thymo-
cytes on which the density of § antigen
is higher than on mature T cells (/4)
have the same electrophoretic mobility
as B cells (2), and since both the
MBLA and the # antigen are still
demonstrable on neuraminidase-treated
lymphocytes. This indicates that sialic
acid is not an essential part of these
surface antigens.

Our findings, however, do not neces-
sarily ‘'mean that the total amount of
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sialic acid on B and T cells is different.
A definite possibility is that some of
the sialic acid groups on the B cells
are covered. Lymphocyte surface re-
ceptors are considered to be entirely
immunoglobulins. They exist on the
surface of both B and T cells, but are
more abundant on B cells ({5). The
hypothesis that the low electrophoretic
mobility of B cells is due to covering of
some of the charged groups by recep-
tor antibody molecules is supported by
the fact that treatment of various types
of cells with specific antibodies causes
measurable reduction of the surface
charge density, provided that the den-
sity of bound immunoglobulins is high
enough (/6). This does not explain
why thymocytes have a low electro-
phoretic mobility (2). To obtain con-
vincing evidence about whether or not
the low electrophoretic mobility of B
lymphocyte is due to the covering
cffect of surface immunoglobulins, it
would be necessary to remove these
immunoglobulins specifically.

STIG NORDLING, LEIF C. ANDERSSON

’ PEkKA HAYRY

Third Departiment of Pathology,
University of Helsinki,
SF-00290 Helsinki, Finland
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Acquisition of Key-Pecking via Autoshaping as

a Function of Prior Experience: “Learned Laziness™?

Abstract. A group of pigeons that had previously received noncontingent food
delivery acquired the key-peck response (in autoshape training) more slowly
than did a naive control group; key-peck acquisition was most rapid for a group
given operant treadle-press training in the initial phase.

Consider the following experiment
reported by Seligman and Maier ().
In the initial stage of training, dogs
were strapped in a Pavlovian harness
and administered inescapable, unavoid-
able shocks on a random schedule.
Twenty-four hours later they were
placed in a shuttle box and given train-
ing during which the animal could
escape or avoid the shock by jumping
over a hurdle that separated the two
compartments of the apparatus. About
65 percent of the subjects given the
inescapable shocks failed to learn the
escape response in the shuttle box,
whereas only 6 percent of a naive
control group failed to escape. The
authors’ interpretation was that during
the first stage, the subject learns tvhat
instrumental behavior has no effect on
either the onset of the aversive stimulus
or its termination. When the subject is

placed in the shuttle box with the same
aversive stimulus present, he responds
with the “expectation of helplessness”
derived from previous experience with
a problem that lacked an instrumental
solution. After this and other demon-
strations of “learned helplessness,” this
phenomenon was studied in an attempt
to establish the necessary and sufficient
conditions for its development (2, 3).

Maier et al. speculated (2) that a
parallel phenomenon might exist in an
appetitive situation; that is, a subject
given repeated exposure to noncon-
tingent reinforcement might be retarded
in acquiring a response that now pro-
cures reinforcement. Most appetitive re-
sponses are acquired, however, through
a shaping procedure involving rein-
forcement of successive approximations
to the desired response. Since this is
typically done manually, it is difficult
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to assess the course of acquisition of
the response. Brown and Jenkins (4)
developed a method that allows for
the mechanization of the shaping proc-
ess. Their “autoshaping” procedure in-
volves projecting a light stimulus on a
pigeon’s response key for a few seconds
before a noncontingent delivery of
food. Brown and Jenkins reported that
all pigeons began spontaneously peck-
ing the illuminated key after a few
presentations, The "behavioral control
generated. by this situation, which
strongly resembles Pavlovian delay con-

ditioning (5), is so powerful that sub-

jects persist in responding even when
the contingencies are rearranged so that
key-pecking prevents the presentation
of the food (6). ‘

In the present experiment, we as-
sessed the effects of initial treatments
by measuring resistance to the powerful
autoshaping procedure. If noncontin-
gent food delivery produces a helpless-
ness-like effect, then subjects so treated
should autoshape slower than controls
not given this treatment. Our pro-
cedures differ conceptually from the
conditioned helplessness experiments.
In the latter, classical fear conditioning
interferes with later instrumental learn-
ing (2); whereas our study involves
transfer from a quasi-operant situation
to what has been called a classical
conditioning paradigm (5). This dif-
ference should not be important if, as
Maier et al. (2) have suggested, the
interference arises from some kind of
an expectation or conceptual set to not
respond.

Twenty-seven naive adult domestic
pigeons, maintained at 75 percent of
their body weight when free access to
food had been given, were trained in
a standard single key operant condi-
tioning chamber. The subjects’ compart-
ment was modified by the insertion of
a removable treadle (6 cm long by 9
cm wide) which protruded from a
piece of plastic (18 cm wide) that ran
from floor to ceiling and was placed
diagonally across the left corner of
the chamber. This treadle was present

only for the subjects in the treadle

group during the initial training phase
of the experiment.

Subjects were randomly assigned to
one of three groups. The treadle group
was trained to approach and eat from
the hopper for 1 day. On the next day
they were trained by the method of
successive approximations to press the
treadle with their feet and were allowed
to earn 30 reinforcers on a continuous
reinforcement schedule. Reinforcement
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Table 1. Trials to criterion in autoshape key-
peck training (S, subject).

Treadle Hopper Control
group group group
S Trials N Trials S Trials
7 17 12 61 26 30
10 30 9 77 8 41
1 31 30 98 5 60
28 39 15 121 2 66
19 60 18 121 20 92
4 60 24 165 23 103
13 60 3 273 11 164
16 129 27 360 14 762
22 360 21 516
Median :
60 121 79

on day 3 was at variable intervals aver-
aging 12 seconds (a variable-interval,
12-second schedule) ; a variable-interval,
20-second schedule was in effect on
day 4. Starting on day 5 and continuing
for the next 30 days, subjects were
allowed to earn 30 reinforcers per day
for treadle-pressing, with reinforce-
ment on a variable-interval, 30-second
schedule. The reinforcer used through-
out the experiment consisted of 3 sec-
onds of access to a hopper of mixed
grain. The hopper group was given the
same number and patterning of food
presentations as the treadle group, but
food delivery was independent of the
subjects’ behavior. The control group

was weighed and handled each day’

but was not introduced into the cham-
ber until the last day of initial training.
During this session the subjects were
given 30 hopper presentations.

After initial training all subjects were
exposed to an autoshape procedure in
which the treadle was removed from
the box and the response key was illum-
inated with a 555-nm light for 8 sec-
onds immediately preceding a noncon-
tingent food delivery. Thirty such food
presentations were delivered during
each session on a variable-interval, 30-
second schedule with a geometric dis-
tribution of intertrial intervals ranging
from 5 to 55 seconds. The autoshape
schedule was followed until subjects
reached a criterion of responding on at
least eight out of ten consecutive stimu-
lus presentations.

The results are shown in Table 1.
The treadle group acquired the response
in a median of 60 trials (excluding the
criterion trials themselves), the control
group required 79 trials, and the hop-
per group required 121 trials to cri-
terion (7). Whereas only two of the
nine subjects in the treadle group
needed more than 60 trials to criterion,
five of the subjects in the control group
and all nine of the subjects in the hop-

per group needed more than 60 trials.
A Kruskal-Wallis analysis of variance
revealed a significant group effect (H
=6.92, d.f. =25, P < .05).

A comparison can be made between
the present results and those of the
conditioned helplessness experiments.
The concept of helplessness has been
applied (I-3) to a situation in which
the subjects’ failure to respond is mal-
adaptive, because responding is now
reinforced. In the present study, the
failure to respond is not maladaptive,
because no response is required to re-
ceive food. The hopper subjects appear
to have learned that they will be fed
regardless of their behavior and there-
fore the probability of their responding
is low. The notion of “learned laziness”
better connotes such behavior than that
of learned helplessness. The effect of
initial training on later autoshaping per-
formance is bidirectional, in that the
treadle group—trained to make a re-
sponse to obtain food—acquired the
key-pecking response faster than did
the control group. This suggests that
not only is laziness conditionable, but
so is “industriousness.” A comparable
effect was not found in the conditioned
helplessness experiments; subjects given
prior escape training did no better on
the shuttle box task than did naive
control subjects (8).

It is appropriate to consider alterna-
tive interpretations of the present re-
sults. One posibility is that the hopper
group acquired some sort of (adventi-
tiously reinforced) superstitious behav-
ior pattern that was incompatible with
key-pecking. Our experiment was de-
signed with this possibility in mind.
The treadle group was explicitly
trained to make a response that could
compete with key-pecking. Any tend-
ency to press a now-absent treadle or
even to orient toward that corner of
the chamber in which the treadle had
been placed would remove the subject
from the immediate vicinity of the key
and perhaps even lessen the likelihood
that the key light would be seen. Never-
theless, the treadle group autoshaped
the best, rather than the worst, Further-
more, the hopper group received their
food deliveries on a variable interval
schedule, making it unlikely that they
would develop any particular super-
stitious response pattern. On the con-
trary, such subjects would probably be
engaging in a variety of different re-
sponses at the time of food delivery,
and they might therefore learn that
food presentation is independent of
their behavior.
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The results for both the treadle and
hopper groups can be explained by a
single underlying mechanism, that is,
the development of a set to respond
(industriousness) or of a set to not
respond (laziness). Presumably the
treadle group learned that reinforce-
ment is contingent on some response
and they entered the autoshaping situa-
tion with a set or expectation that a
similar contingency still applied. The
hopper birds responded less because
they anticipated a continuation of the
noncontingency that existed in their
first stage of training.

Our interpretation is entirely parallel
to that offered by Maier et al. (2)
for the learned helplessness phenome-
non. If that interpretation is valid, then
the significance of subjects’ ability to
control their environment is not re-
stricted to commerce with aversive
stimuli or to any single motivational or
reward system. Thus, speculations in-
volving presumed physiological or bio-
chemical correlates of helplessness in
terms of stress reactions (3) are likely

to be of limited use. Further research

will be necessary to validate our in-

terpretation as well as to explore the

limits of its applicability.
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Similarity in Developmental Profile among

Related Pairs of Human Infants

Wilson (/) presented evidence that
he interprets as demonstrating that the
similarity in overall level and develop-
mental profile contour of scores on the
Bayley infant test is greater for mono-
zygotic (MZ) than for dizygotic (DZ)
twins for assessments made during the
first year (3, 6, 9, and 12 months) and
the second year (that is, 12, 18, and 24
months) of life. The intraclass correla-
tions expressing similarity within pairs
were very high, approaching and in some
cases equaling the reliability of the test.

Wilson cites the fact that the intra-
class correlations for DZ twins were
high for both overall level (r=.75 and
.79, for the first and second years, re-
spectively) and profile contour (r=.52
and .50), and that the size of these
concordances signifies “that the differ-
ences within DZ pairs produced by gene
segregation and different life experi-
ences are comparatively small in rela-
tion to the sizable differences between
pairs” (I, p. 917). He concludes that
genetic factors are paramount in such
development. However, circumstances
surrounding the analysis of these data
may modify this interpretation.

The degree of heritability for a trait
depends on the difference between the
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correlations for MZ and DZ twins, not
on the absolute size of the DZ correla-
tion. For example, “broadsense herita-
bilities” can be calculated by taking
twice the difference between r,;, and
rny (2). Mating is assumed to be ran-
dom in this heritability estimate, an as-
sumption that is probably tenable since
infant test scores do not relate very
strongly to adult mental or personality
characteristics that might influence mate
selection (3). Wilson’s data treated in
this manner give heritabilities of .30
and .20 for overall level (first and sec-
ond years, respectively) and .50 and
.30 for profile contour. These values
are lower than those reported for IQ
in later childhood (4), and do not seem
to warrant the conclusion that “infant
mental development was primarily de-
termined by the twins’ genetic blue-
print and that . . . other factors served
mainly a supportive function” (I, p.
914).

The high correlations for DZ twins
may derive from common nongenetic
as well as genetic circumstances. In
fact, since the genetic correlation for
DZ twins averages .50 (they have half
their genes in common), correlations
between DZ twins substantially higher

Cdf.=153/135,

than .50 must- reflect common environ-
mental circumstances or assortive mat-
ing, or both these factors.

~ When these same analyses were per-
formed on 142 sibling pairs from the
Fels Longitudinal Study, the intraclass
correlations for Gesell developmental
scores were .24 and .44 for overall
level (at 6 and 12 months and at 12,
18, and 24 months, respectively) and
.09 and .14 for profile contour. The
twin correlations reported by Wilson
are two to six times these values, de-
spite the fact that the degree of genetic
overlap is the same for DZ and sibling
pairs. Twins may be more similar than
siblings because they share environ-
mental circumstances (prenatal environ-
ment, stimulating familial experiences,
and so forth) and because those en-
vironmental factors have their effects at
the same age for twins but at different
ages for siblings.

The method of analysis used by Wil-
son also raises some issues of interpreta-
tion. His intraclass correlations express
within-pair variability relative to the
appropriate total variability separately
for MZ’s and DZ’s, before these groups
are compared. Such a procedure may
be justified when the variability between
individuals in one group is different
than that in another but this is report-
edly not the case for the data presented.

A more direct approach is to contrast
the within-pair variability for MZ's and
DZ’s by calculating the ratio of the mean
square within pairs for DZ’s divided by
the mean square within pairs for MZ'’s.
For Wilson’s data, this procedure yields
significant differences between zygosity
groups for overall level during the first
year (F =3.44, d.f.=51/45, P <.0001)
and second year (F=1.74, df.=
46/51, P<.03) and for profile con-
tour during the first year (F=1.94,
P<.0001) but not
during the second vyear (F=1.18,
df.=92/102, P=.25). Thus, when
differences in similarity within pairs are
considered directly, MZ’s are more
similar than DZ’s in profile contour
only during the first year of life.

The  entire univariate analysis-of-
variance model involving repeated mea-
sures, which was used by Wilson to
estimate profile similarity (as well as
the above-mentioned analyses), tends to
have a positive bias toward significant
effects (in this case favoring within-
pair similarity) if the covariances (that
is, correlations) between all pairs of
scores measured on the same individ-
uals are not equal (5). Such hetero-
geneity is almost always present in
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