tuitary (/6). In the present study, the pi-
tuitary was the only structure that
showed differences in the content of en-
dogenous opiate substances. We assume
that the potent effect of naloxone in the
abolition of overeating in obese mice and
rats is mediated by the antagonism of
this material released from the pituitary.
If release of excess amounts of B-endor-
phin from the pituitary is involved in
chronic overeating in the obese rodents,
a logical target for this action is the
opiate receptors in the gastrointestinal
tract. Opiate receptors in the ileum,
which have been characterized exten-
sively both pharmacologically (/7) and
biochemically (/8), mediate the pharma-
cological effects of opiates in suppress-
ing gastrointestinal motility. However,
very little is known of their normal role
in the gut (/9).

Our studies suggest that a physiologi-
cal role may exist for the gastrointestinal
opiate receptors in the control of feeding
behavior. We cannot rule out the possi-
bility that central opiate receptor sites al-
so participate in the naloxone-induced
abolition of overeating. We have shown
that a relationship between B-endorphin
and obesity occurs in at least two dif-
ferent species and may thus have consid-
erable generality.

B-Endorphin acts on the pancreas to
stimulate the release of insulin (20).
These results are compatible with our
findings. Thus, excess pituitary 8-endor-
phin may cause another major physiolog-
ical system, the endocrine pancreas, to
contribute to the overeating and obesity
syndrome.
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Conservation of Liquid and Solid Quantity by the Chimpanzee

Abstract. Sarah, an adult ‘‘language’’ -trained chimpanzee, made accurate same-
different judgments on quantities of liquid and solid matter and conserved both types
of quantity despite a transformation in an irrelevant property (shape). Control tests
showed that she judged on the basis of inference rather than perceptual evaluation of
the quantities. She failed to make accurate same-different judgments on the basis of

Piaget’s classic tests of conservation
(1) provide dramatic evidence for a de-
velopmental change in human cognition.
In perhaps the best-known version of the
test, the subject is presented with two
identical containers filled with equal
amounts of liquid and asked to judge the
relation between the two quantities.
Even the very young child can judge ac-
curately that they are ‘‘the same’’ or
‘‘equal.”” However, transforming an ir-
relevant property of one quantity (for ex-
ample, by pouring the contents of one
container into another of different pro-
portions, thereby changing the shape of
the liquid) reveals a change with age in
the subject’s response. The young child
reports incorrectly that the two contain-
ers hold different amounts: one container
(typically, the one with the tallest col-
umn of fluid) has ‘““‘more’’ than the other.
The older child continues to judge accu-
rately that the two amounts remain
equal—he ‘‘conserves’ liquid quantity
despite a transformation in a vivid,
though irrelevant, property.

According to one major theory, the
ability to conserve marks the passage
from one level of human intelligence (the
preoperational stage) to a qualitatively

number, and she was not tested for conservation of this type of quantity.

different, more sophisticated level (the
concrete operational stage). Conserva-
tion demands that the child not be mis-
led by appearance: accurate judgments
depend on knowledge or inference. Con-
sequently, much research has been con-
cerned with the conceptual and infer-
ential processes underlying conservation
and with finding ways to accelerate the
developmental change from one level of
intelligence to the next (2). However, the
limits of the phenomenon remain largely
unexplored. Are humans the only ani-
mals that ultimately conserve? Evidence
for conservation in a nonhuman species
could have important implications for
our understanding of the cognitive pre-
requisites for conservation judgments, as
well as for comparative theories of in-
telligence. We report here the results of
conservation tests on liquid and solid
quantity administered to a nonhuman
primate, a chimpanzee.

The subject was Sarah, an African-
born female chimpanzee (Pan troglo-
dytes), approximately 14 years old. She
was obtained by the laboratory when
less than 1 year old and taught a sim-
plified language between the ages of 4
years 6 months and 6 years 5 months.
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Table 1. Number of correct ‘‘same’’ and ‘‘different’’ judgments per total trials of each type in
tests with liquid and solid quantity and with number. Probabilities were computed with the
normal approximation to the binomial distribution.

Liquid Solid Number
Test Equal  Unequal  Equal  Unequal  Equal  Unequal
(‘‘same’’) (‘‘different”’) (‘‘same’’) (‘‘different”’) (‘‘same’’) (‘‘different’’)

Prestest 19/24t 22/24% 20/24% 18/24* 10/24 12/24
Conservation A  21/24% 17/24* 20/24t 19/24%

Control 9/24 16/24 10/24 15/24

Conservation B 19/24t 21/24% 18/24* 17/24*

*P < .05. tP < .01. $P < .001.

For the past 10 years she has been given
five lessons per week on a variety of cog-
nitive tasks (3). The present tests were
based on her knowledge of two plastic
‘‘words’’ from her original vocabulary,
‘‘same’’ and ‘‘different’’ ). By using
same-different judgments, our test for
the ape subject was made analogous to
that employed with the human child.
Judgments of ‘‘equal’’ (or here, ‘‘same’’)
versus ‘‘more than’’ or ‘‘less than’’ (or
here, ‘‘different’’) are the primary data
from which conservation is inferred.
However, the human test also employs
further verbal interrogation of the sub-
ject (5), in order to ensure that responses
are based on inferential reasoning rather
than on alternate response strategies.
Our test for the ape was necessarily non-
verbal throughout and was designed with
several control features of a different
kind.

First, in the human test, the quantities
to be judged are usually equal, and there-
fore the correct answer is always
‘‘same’’ or ‘‘equal.”’ In contrast we in-
cluded trials with both equal and unequal
quantities, such that ‘‘same’ and ‘‘dif-
ferent’’ were correct equally often. This
design prevented successful perform-
ance on the basis of a response bias to
‘‘same,’’ or simply learning to respond
‘‘same’’ on all trials (6).

Second, the human test requires two
judgments on each trial, one before and
another after the transformation of one
quantity. We required only one response
on each trial, since judgments before and
after the transformation were obtained in
separate tests administered on different
occasions. This procedure obviated suc-
cessful performance on the basis of a
simple response-repetition strategy.

Third, appropriate verbal justification

for conservation judgments can assure
the experimenter that the human sub-
ject’s responses are not based solely on
perceptual estimation of the quantities
after transformation. We included a con-
trol test of the ape’s ability to judge
quantities after transformation, without
allowing it to see the initial condition of
the quantities or the transformation per-
formed on one of them. If the subject
could judge the equality of two quantities
after the transformation simply by look-
ing at them—and thus succeeded on con-
trol trials—there would be no grounds
for a claim of inference. Alternatively, if
the subject failed on control trials, but
succeeded when shown the quantities
both before and after the transformation,
conservation judgments could not be
made on perceptual grounds alone, but
would require inference (7).

Finally, verbal prompts and questions
by the experimenter can ensure that the
human subject’s correct conservation
judgments do not result from a failure to
attend to the transformation and its ef-
fects on one quantity. We included a sec-
ond type of conservation test which as-
sessed the subject’s ability to discrimi-
nate a relevant from an irrelevant change
in one quantity. On some trials, the
transformation produced a change in
shape, but not amount (the standard con-
servation manipulation), and on other
trials, the transformation produced a
change in both shape and amount (by ad-

S

Fig. 1. The essential steps during a conservation test trial with equal liquid quantities. The trainer first showed Sarah two equal quantities of blue
water in narrow jars. (A) Sarah watches the trainer pour the contents of one jar into another of different proportions. The trainer then handed
Sarah the covered dish containing two plastic words (‘‘same’’ and ‘‘different’’), and left the room. (B) Sarah opens the dish in the absence of the
trainer. (C) Sarah has removed both words from the dish, and now places the plastic word ‘‘same’’ in the center circle of the tray, between the
exemplars. The word ‘‘different” may be seen on the floor, at a distance from the tray. In this case, Sarah’s response ‘‘same’’ was correct.
Although on this trial Sarah removed both words from the dish before choosing one of them, on other trials she removed only one of them.
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dition or subtraction of material to or
from one exemplar).

We arranged tests for conservation of
liquid and solid quantity and number.
Exemplars were cylindrical glass jars of
three sizes (13 by 5.5, 15 by 8, and 17 by
14 cm) containing various amounts of
blue water for tests on liquid quantity;
pieces of red modeling clay formed by
hand into cylindrical shapes of three siz-
es (2by 2, 5by 3, and 7 by 4 cm) for tests
on mass; and rows of 2, 3, and 5 white
buttons, each 1.9 c¢cm in diameter, for
tests on number. In all tests for each
quantity, two of the three exemplars
were presented on a 36 by 46 cm tray at
the beginning of each trial. Three circles,
each 11 cm in diameter, were drawn in a
row on the tray. The exemplars were
centered inside the left and right circles,
approximately 25 cm apart. The trainer
placed the tray just outside Sarah’s cage
on the floor and called her attention to
the test material. When called for by the
procedure, he then performed a transfor-
mation on one of the exemplars. Finally,
the trainer handed Sarah a covered dish
containing the plastic words ‘‘same’’ and
“‘different,”” left the room, and closed
the door. The subject was required to
open the dish, select one word, and place
it in the center circle on the tray. She
then summoned the trainer by ringing a
bell. The trainer entered the room at the
sound of the bell, examined the tray, and
said ““That’s good, Sarah.”” Thus, the
subject responded in the absence of the
trainer, a procedure we use routinely to
control for social cues 8), and without
differential feedback for correct or incor-
rect answers. At the end of each session,
Sarah was given yogurt, fruit, or candy.

The experiment consisted of four cy-
cles of testing. In the first cycle, we pre-
sented a series of three tests (pretest,
conservation test A, and control test, in
that order) on liquid quantity, then solid
quantity, and finally number. However,
the series for number was terminated af-
ter the pretest, for reasons we will dis-
cuss. The second cycle was a replication
of the first. In the third cycle, we pre-
sented conservation test B on liquid and
then solid quantity. The final cycle of
testing was a replication of the third.

Pretest. The first test for each quantity
required same-different judgments on
two exemplars without transformation.
For tests on solid quantity and number,
the three standard exemplars appeared
equally often and the position of each ex-
emplar on the left or right of the tray was
counterbalanced across trials. All pos-
sible combinations of two of the three
exemplars were presented equally often

1 DECEMBER 1978

Table 2. Longest run of consecutive correct
responses per total trials to the end of the run
in each test with liquid and solid quantity with
number. Probabilities were computed with
Grant’s ‘‘runs’’ test (I5).

Cycle Liquid Solid Number
Pretest
1 14/14% 5/12 4/4
2 9/23* 7/14* 2/2
Conservation A
1 7/7* 13/17%
2 10/21F 7/15%
Control
1 3/4 2117
2 4/19 4/16
Conservation B
3 13/22% 8/8%
4 13/24% 8/17*
*P < .05. tP < .01. P < .001.

in quasi-random order. For tests on lig-
uid quantity, the two exemplars on each
trial were identical glass jars containing
blue water, and the three pairs of jars
were presented equally often across tri-
als. The two jars contained identical
amounts of water on half the trials, and
amounts differing in height by at least 5
cm on the other half of the trials. Each
pretest consisted of 24 trials, 12 each
with equal (‘‘same’ correct) or unequal
(“*different”” correct) quantities, pre-
sented in quasi-random order.
Conservation test A. The second test
for each quantity was identical to the
first, with the following exceptions. The
trainer placed two exemplars on the tray
and called Sarah’s attention to his sub-
sequent actions. He manually trans-
formed one exemplar, either by pouring
the water into a jar of different propor-
tions, or by manipulating the piece of
clay. (A test for conservation of number
was not administered.) His actions on
half the trials of each type may be de-
scribed as ‘‘compression’’ of one ex-
emplar, and on the other half, ‘‘expan-
sion.”” On trials with exemplars of equal
quantities, the transformation produced
an appearance of difference. The fluid
columns differed in height and diameter,
and the pieces of clay differed in length
and diameter. On trials with exemplars
of unequal quantities, the transformation
produced an appearance of equality on
one salient dimension. The fluid columns
were identical in height, and the pieces
of clay were equal in length. After per-
forming the transformation and again
calling Sarah’s attention to the test mate-
rial, the trainer handed the subject the
covered dish containing answers, and tri-
al events proceeded as before. During
the course of the tests, each exemplar

was compressed or expanded equally of-
ten, and the position of the changed ex-
emplar on the left or right of the tray was
counterbalanced across trials. Figure 1
shows an example of the essential steps
in the procedure with liquid quantity.

Control test. The third procedure was
the same as that described for con-
servation test A, with one exception.
The trainer placed the exemplars on the
tray in a room adjacent to Sarah’s, and
performed the usual transformation out
of her view. He then entered her room
and tested her as before. She was re-
quired to make exactly the same judg-
ments as in conservation test A, but
without having seen either the initial
condition of the exemplars or the trans-
formation performed on one of them.

Conservation test B. The final test re-
quired that the subject discriminate a
relevant from an irrelevant transforma-
tion of one quantity. All trials began with
equal quantities and involved a transfor-
mation of one of the exemplars. On half
the trials, the trainer performed the stan-
dard manipulation described in con-
servation test A; he manually changed
the shape, but not amount, of liquid or
clay. On the remaining trials, the trainer
produced an actual change in the quanti-
ty of one exemplar. He performed the
standard transformation of shape, and at
the same time, added or subtracted a
small amount of liquid or clay. During
addition or subtraction, material was ex-
changed between the exemplar and a
small opaque cup present in the test
room. After performing the transforma-
tion on all trials, the trainer handed Sar-
ah the covered dish containing answers,
left the room with the cup, and testing
proceeded as before. Thus, half the trials
involved a transformation of shape, but
not amount (‘‘same’’ correct), and half
the trials involved a transformation of
both shape and amount (‘‘different”’ cor-
rect). All otheraspects of the procedure
were the same as those described for
conservation test A.

For liquid quantity, Sarah made accu-
rate same-different judgments on both
equal and unequal quantities in the pre-
tests, and continued to make accurate
judgments when one exemplar was
transformed in conservation test A
(Table 1). Performance exceeded chance
level on both ‘‘same” and ‘‘different”
trials, and thus a response bias cannot
explain the results. In contrast, her accu-
racy fell dramatically in the control test,
especially on ‘‘same’’ trials (6), and com-
parison of control and conservation A
scores on ‘‘same’’ trials revealed that
her accuracy was significantly greater
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in the conservation test (z = 3.58,
P < .001). Thus, her success in the con-
servation test cannot be attributed to an
ability to perceptually evaluate equal
quantities after the transformation. Per-
formance also exceeded chance level on
both ‘*same’ and ‘‘different’’ trials in
conservation test B (Table 1). These re-
sults show not only that the subject in
fact attended to the transformation, but
that she could discriminate a relevant
(change in shape and amount) from an ir-
relevant (change in shape) transforma-
tion. Finally, the data reveal significant
“‘runs’” of correct responses during each
pretest and conservation test, but not
during control tests (Table 2). Taken to-
gether, these data provide strong evi-
dence for conservation of liquid quantity
on the basis of inferential reasoning (9).

The results for solid quantity were
comparable to those for liquid quantity.
Sarah made accurate same-different
judgments in the pretests and both con-
servation tests A and B, but not during
control tests (Table 1). Comparison of
control and conservation A scores on
“‘same’’ trials revealed that her accuracy
was significantly greater in the con-
servation test (z = 2.98, P < .01). Final-
ly, Sarah showed significant ‘‘runs’’ of
correct responses in all but the first pre-
test and both control tests (Table 2).

Sarah’s success on tests with liquid
and solid quantity was not repeated on
tests with number. She failed to make ac-
curate judgments on either equal or un-
equal quantities in both pretests (Table
1), showed no significant ‘‘runs’’ of cor-
rect responses (Table 2), and was not
tested further for conservation of num-
ber.

While these results show that the
chimpanzee, like the human child, is ca-
pable of making inferences in conserving
liquid and solid quantity, they do not
identify the nature of those inferences.
The child generally offers one (or more)
of three types of argument (/0) to justify
his answers: (i) identity (for example, the
liquid is still the same, nothing has been
added or removed), (ii) reversibility (for
example, pouring the liquid back into the
original container will restore its original
appearance), and (iii) compensation (for
example, when height is increased by
pouring the liquid into a narrower con-
tainer, width is decreased, and the com-
position of the two changes leaves quan-
tity invariant). Whether or not Sarah can
reason in all of these ways would depend
upon further nonverbal tests of a dif-
ferent kind. However, at least the primi-
tive identity argument is needed to ac-
count for her performance here. As
shown by the control tests, she failed to
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judge accurately when shown equal ex-
emplars only after the transformation,
but succeeded in conservation test A
when shown the exemplars both before
and after the transformation. In the latter
case, correct judgments required that the
subject discount an appearance of dif-
ference, relate the changed exemplar to
its initial condition, and note that there
was no actual change in quantity. More-
over, when the transformation in fact did
produce a change in quantity in con-
servation test B, Sarah noted the change
and responded ‘‘different’” on appropri-
ate occasions.

Sarah’s failure to make initial same-
different judgments on number is com-
patible with other data (3, //), which
shows that number is less salient than
other dimensions for the chimpanzee. In
contrast, number is highly salient for the
human child (/2), and indeed, number
conservation is generally acquired be-
fore conservation of the other quantities
(7). Our results suggest that the range of
quantities conserved by chimpanzee
may be more restricted than that for hu-
mans, and thus the developmental
course of conservation acquisitions may
differ across the two species.

Although number was not salient for
Sarah, liquid and solid quantity were,
as shown by the pretest data for both lig-
uid and solid quantities. Sarah’s same-
different judgments on equal and unequal
liquids and solids were accurate from the
beginning, and they were so without dif-
ferential feedback or any form of pre-
training. Thus, Sarah spontaneously re-
sponded to quantity of the liquids and
solids, as opposed to color of the water
or clay, shape of the containers, or other
irrelevant properties. Of course, many
species other than humans and chim-
panzees readily learn to discriminate
quantities of liquids and solids, such as
food and water (/3), and it may be pos-
sible to conduct further comparative re-
search to determine the species-general-
ity of conservation (/4).
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