
JOURNAL OF THE EXPERIMENTAL ANALYSIS OF BEHAVIOR

IS PROBLEM-SOLVING LANGUAGE?
H. S. TERRACE

COLUMBIA UNIVERSITY

Opinion has shifted during the last decade
about the ability of chimpanzees to learn lan-
guage. Recent projects have reversed earlier
failures to establish communication between
man and chimpanzee by bypassing the trouble-
some (for chimpanzees) vocal medium of lan-
guage. Nevertheless, just what a chimpanzee
can learn about language remains controver-
sial. Through the media of American Sign
Language (e.g., Gardner and Gardner, 1969)
and the artificial visual languages invented by
Premack (1970) and by Rumbaugh and von
Glasserfeld (1973), chimpanzees have been
taught to produce and comprehend far greater
vocabularies than were thought possible fol-
lowing the unsuccessful attempts of the
Hayeses (1951), the Kelloggs (1933, 1968), and
others to communicate with chimpanzees via
vocal languages. What is at issue is whether
a chimpanzee can master relationships between
words; in particular, relationships as expressed
in sentences.

Premack's ambitious book, Intelligence in
Apes and Man,2 adds an important new dimen-
sion to the controversy about a chimpanzee's
linguistic ability. On the one hand, Premack
continues to ask the question he has posed in
numerous research papers: what kinds of evi-
dence show that a chimpanzee can learn cer-
tain rudiments of human language? But as the
title of his book reveals, Premack is not con-
tent to limit himself to that rather complex
question. Having accepted his own data as evi-
dence that a chimpanzee can master many
aspects of language, Premack speculates about
the intellectual skills implied by the linguistic
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performance of the chimpanzees he has studied
over a 10-yr period. Why, Premack asks, is a
chimpanzee more successful at learning lan-
guage skills than a rat or a pigeon?
Premack addresses this question with both

empirical and conceptual arguments. First,
he cites evidence that chimpanzees have
learned something about language. From his
interpretation of those data, he derives a con-
ceptual framework for relating language to
more general intellectual functions. Intelli-
gence in Apes and Man provides the most com-
prehensive presentation to date of training
techniques and data on language learning by
chimpanzees. It also provides the most com-
prehensive set of hypotheses about what a
chimpanzee might or might not be doing when
it uses language.

In many ways, the most interesting and read-
able sections of Intelligence in Apes and Man
are Premack's conclusions about the intellec-
tual bases of language. These conclusions, how-
ever, are only as valid as the data on which
they are based. For that reason alone, it is
appropriate to begin our evaluation of Pre-
mack's hypotheses about intelligence and lan-
guage by examining their empirical founda-
tions.

Teaching the Language
Premack's basic training procedures have

been described extensively in earlier papers, as
well as in Intelligence in Apes and Man. In
this review, it should suffice to summarize a
few representative examples of some of the
"atomic constituents" of language that Pre-
mack has selected for study. The "words" of
Premack's artificial language were plastic chips
of different colors and shapes. Only those few
chips that signified individual chimpanzees
or trainers resembled their referents. The other
chips provided no information about what
they signified. An obvious advantage of a lan-

161

1979, 31, 161-175 NUMBER I (JANUARY)



H. S. TERRACE

guage consisting of tangible words is that per-
formance is not limited by the chimpanzee's
ability to remember words that are not physi-
cally present. Instead, performance would ap-
pear to be limited only by the subject's ability
to grasp the semantic and syntactic complexi-
ties of a particular problem.
Premack not only invented a vocabulary of

plastic words, he also provided an exact set of
rules for using these words. In devising these
rules, Premack

made no attempt to simulate the "natural
approach," mainly because the natural
approach is far from well-defined and it
is difficult to simulate an ill-defined condi-
tion. Instead, . . . [he] . . . attempted to
devise the most efficient training proce-
dure possible, without regard to whether
it did or did not simulate the human one
(p. 20).
Some of these training procedures are illus-

trated in the following examples.
(1) Production of four-word sentences. All

communication took place on a "language
board" placed between the chimpanzee and the
trainer. Words were placed on the board either
by the trainer or by the chimpanzee. The
trainer could also place various incentives on
the board. In teaching a sequence such as Mary
give apple Sarah, training began with an ex-
change of the word apple for a real apple.
A plastic blue triangle (the word apple) was
placed within easy reach of Sarah, Premack's
star student. The apple itself was out of reach.
When Sarah picked up the blue triangle and
handed that word to the trainer, she was given
the apple. Later, Sarah had to discriminate
between two pieces of plastic, one the word
apple, the other a word for a less desired in-
centive. Variations of this procedure were used
to train a vocabulary describing different in-
centives.
The next step was to train Sarah to "write"

the words give apple, in that order. That did
not prove very difficult. However, attempts to
teach Sarah to differentiate between the conse-
quences of writing give apple versus insert ap-
ple proved unsuccessful. During the next stage
of training, Sarah had to write give apple
Sarah in order to obtain an apple. As an aid
to learning her name, Sarah was given a neck-
lace from which was suspended the plastic
word signifying Sarah. Trainers and other

chimpanzees were likewise identified. In an
earlier paper, but not in Intelligence in Apes
and Man, Premack (1971) described a proce-
dure in which Sarah had to choose between
the names of two recipients, when another
chimpanzee (Gussie) was present. If Sarah
wrote give apple Gussie, the apple was given
to Gussie (and not to Sarah). Through con-
trasts of this type, Sarah presumably learned
the difference between Sarah and Gussie.
The addition of the donor's name completed

the sequence, Mary give apple Sarah. It is diffi-
cult to determine from the information pro-
vided in Intelligence in Apes and Man just
how well Sarah performed at this stage of
training. Premack writes that the "use of the
donor name was optional at this early stage.
... Later, when several agents were present in
the same session, use of the donor's name was
made obligatory" (p. 102). However, no data
were presented concerning Sarah's perform-
ance when the donor's name was obligatory.
Premack does report that two other juvenile
female subjects, Peony and Elizabeth, were re-
quired to produce sequences of the variety
Donor give X recipient. Neither subject per-
formed well when offered choices of different
words for donors, objects, and recipients. They
also balked at performing four-word sequences.
For that reason, they were returned to two-
word sequences of the type give X.

(2) Comprehension of the hierarchical struc-
ture of a sentence. Hierarchical structure is one
of the hallmarks of human sentences. The clear
advantage of arranging words according to a
hierarchical, as opposed to a linear rule, is
that certain words can dominate other words.
For example, in the instruction Sarah apple
pail banana dish insert, insert dominates two
phrases, apple pail and banana dish. Premack
argued that Sarah demonstrated comprehen-
sion of the hierarchical structure of a sentence
by carrying out instructions of this type.
Compliance with these and similar instruc-

tions was trained as follows. First, Sarah was
required to perform the actions called for by
sentences of the following variety.

Sarah banana pail insert.
Sarah apple pail insert.
Sarah banana dish insert.
Sarah apple dish insert.

In each case, Sarah was given two empty re-
ceptacles (a pail and a dish) and two fruits (an
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apple and a banana). From these basic se-
quences, the instructions were changed pro-
gressively until the target sentence was reached.
First, two sentences were simply linked to-
gether, for example:

Sarah banana pail insert Sarah cracker dish
insert.

Then, the agent's name was omitted:
Sarah banana pail insert cracker dish in-

sert.
Finally, the target instruction was achieved by
deleting the first insert:

Sarah banana pail cracker dish insert.

After learning to carry out the instruction
insert, Sarah was given sequences requesting
her to take (remove) the contents of the re-
ceptacles in front of her. Having learned to
follow the instruction take, Sarah was given a
series of instructions in the presence of two
pairs of receptacles. One pair was empty. Each
member of the other pair contained a banana
and an apple. An apple and a banana were also
placed between the two pairs of receptacles. On
some trials, Sarah was instructed to insert; on
others, she was asked to take. Sarah made only
one error on the 10 trials in which the action
required of her changed from trial to trial.

(3) Prepositions. Sarah, Elizabeth, and Peony
were trained on comprehension and produc-
tion problems that used the word on. In a
typical comprehension problem, Sarah was
given red and green cards. The trainer wrote
instructions such as red on green or green on
red. Reward was provided when Sarah ar-
ranged the cards as described in the instruc-
tions. At a later stage of training, Sarah was
given production problems in which she was
required to write red on green, yellow on red,
and so on, in accordance with the configuration
of colored cards arranged by the trainer. On
these trials, Sarah was provided with the words
on, red, yellow, and green. Peony and Eliza-
beth were given similar problems in which
object names (keys, clay, shoes, and so on)
were used instead of colors names. Peony and
Elizabeth were subsequently required to choose
among three alternatives (a sponge, clay, and
monkey chow) in executing an instruction such
as sponge on clay. This type of problem forced
the subject to attend both to the object names
and to the order of the object names in the
trainer's instructions.

If only two choices were provided in a com-
prehension problem, the subject need pay at-
tention only to the first word. That word iden-
tifies which object is to be placed in the top
position. With three choices, the topmost ob-
ject can be identified in the same way. How-
ever, identification of the bottom object re-
quires the subject to match the name of the
bottom object with one of the two remaining
choices.

(4) Mapping of predicates onto various ar-
guments. Premack considered problems deal-
ing with same-different judgements, properties
of objects, and causal inference as problems in
which the subject was asked to apply a particu-
lar predicate to different arguments. For ex-
ample, the predicates same, name of, color of,
if then, derive their meanings only to the ex-
tent that they can be applied to various ar-
guments and to the extent that these predi-
cates are perceived as descriptive relational
terms:

To acquire these predicates in a gen-
eralized sense that is indispensable for lan-
guage, the subject must in each case re-
spond to a relation between relations. For
example, to acquire "same-different" the
subject must first recognize that the rela-
tion between, say, apple and apple is
same,; likewise that the relationship be-
tween, say, banana and banana is same2;
and finally that same1 is the same as same2.
It must make a comparable judgement in
the case of other predicates:

1) The relation between, say, "apple"
and apple is the same as that between
say, "banana" and banana, i.e., name
of1 is the same as name of2.
2) The relation between, say, red and
apple is the same as that between, say,
yellow and banana, i.e., color of1 is the
same as color of2.
3) The relation between, say, dropping
a glass and the glass breaking is the same
as that between, say, tipping the glass
and the water spilling, i.e., D1 is the
same as D2. (p- 133).

(a) Same-different. Before teaching the words
same and different, Premack verified that his
subjects could sort familiar objects in simple
matching and oddity tasks involving cups,
spoons, keys, paper clips, and so on. Same-dif-
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ferent training was introduced once a subject
could match novel items (or select the odd
item from a set of two similar items and one
dissimilar item). When like items were pre-
sented, the response of putting the word same
near, or between, them was reinforced. When
dissimilar objects were presented, the word dif-
ferent was reinforced.
At a later stage of training, a symbol mean-

ing ? was placed between two objects. If the
objects were the same, the required response
was to replace ? with same. If the objects were
dissimilar, different was the correct answer.
This paradigm was used in a number of ways.
In some instances, the problem was posed as a
question in the following formats: object,
same, ?, or object, different, ?. The correct
solution of the problem was to replace ? with
the appropriate object. The choices were an
object identical to the object presented in the
question or a dissimilar object. In another
variation, problems of the following variety
were presented:

Object A same Object A ?
Object A different Object A ?
Object A same Object B ?
Object A different Object B ?

In each case, the subject's choices were the
words, yes and no.

(b) Property names. After Sarah learned the
words for red, yellow, round, square, large and
small, along with the names of various objects,
she was taught to use plastic chips meaning
color of, shape of, size of, and name of. This
was accomplished through training on frames
of the following variety:
? color of apple
? color of banana
? not color of apple
? not color of banana,

etc. I
where the alterna-
tives are red and
yellow

Red color of .? 1where the alterna-
YRe color of? e

tives are apple andellow color of?, etc. banana
? red color of apple t
? orange color of apple J

}
where the alterna-
tives are yes and no
where the alterna-
tives are shape of
and not shape of

After color of, shape of, size of, and name of
were taught separately, a series of problems

was presented in which questions concerning
the name of, shape of, and color of different
objects were given in the same session. The
range of Sarah's performance was 83 to 100%
correct.

(c) Causal inference. Premack offered two
types of evidence that a chimpanzee can per-
ceive causal relationships between various
events. In one type of problem, the trainer
presented the subject with a pair of objects in
two different states, for example, a whole
apple and a piece of an apple. The task was to
place between the two objects the instrument
that was responsible for causing it to change
from one state to the other. As was the case
with other types of problems, the first stage of
training consisted of errorless trials. A knife
was placed on the training table within easy
reach. All Sarah had to do was to move the
knife between the whole and the cut apple.
When the array consisted of a blank piece of
paper and a paper with scribbles on it, Sarah
was required to place a crayon (the only other
object on the training table) between the
marked and unmarked pieces of paper. Dur-
ing the next phase of training, two instruments
were present on each trial. For example, when
the chimpanzee was shown a dry sponge and
a wet sponge, it had to select between a crayon
and a container of water and place one of those
objects between the two test objects. On trans-
fer tests, novel pairs of objects were presented,
for example, a sponge marked with a crayon
and an unmarked sponge. The choices on this
trial might consist of a container of water and
a crayon. Sarah, Peony, and Elizabeth per-
formed at typical levels of accuracy on these
tests (75 to 95% correct).
Causal inference was also studied in prob-

lem sets made up of conditional sentences. In
one type of problem, Sarah was shown a pair
of sentences providing instructions as to how
she might obtain a piece of chocolate. For ex-
ample:

Sarah take apple if then Mary give Sarah
chocolate.

Sarah take banana if then Mary no give
Sarah chocolate.

Sarah preferred chocolate to both apples and
bananas. In order to obtain a piece of choco-
late, Sarah had to choose the alternative stipu-
lated by the instructions. An English para-
phrase of these instructions would read: when

round ? ball
round ? square, etc.
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presented with a choice between an apple and
a banana, Sarah will be given a piece of choc-
olate if she takes an apple. If she chooses the
banana, she is given nothing.

In a more complicated version of this type
of problem, Sarah was confronted with sen-
tences such as:

Mary give cracker Debby if then Sarah eat
yellow fruit.

Debby give cracker Mary if then Sarah eat
red fruit.

On each trial, Sarah had to choose between an
unnamed yellow (cantaloupe) and a red (straw-
berry) fruit. Though not stated explicitly in
the text, it seems reasonable to assume that
Sarah was allowed to eat the fruit only if she
followed the instructions.
Premack recognized that Sarah did not have

to attend to the verbal argument in this last
type of problem (e.g., Mary give cracker
Debby). In the first place, the antecedent was
always carried out. Thus, the verbal specifica-
tion was redundant with the action. In actual
fact, Sarah could solve the problem without
paying any attention to either the antecedent
or to the action. All she had to do was to dis-
criminate the piece of plastic describing the
color of the fruit she was allowed to eat.
To determine whether Sarah could relate

the action of one of her trainers, as specified
by a particular verbal argument, with the ac-
tion specified in the consequence, Sarah was
shown simultaneously a set of six conditional
sentences. These sentences referred to possible
exchanges between two of the three trainers
present. The exchange could go either way, for
example, Mary give X Debby; Debby give X
Mary; John give X Debby; Debby give X
John, and so on. Following each of these
types of argument was a conditional instruc-
tion, such as if then Sarah take red or if then
Sarah take green. The sight of an array of six
long conditional sentences caused Sarah to leap
away from the language board to the other side
of her cage, where she remained until the
board was erased.
A simpler version of the same problem was

tried with only two trainers. Depending on
whether Mary gave green or red to Debby, or
vice versa, Sarah was supposed to choose a
candv or a cracker. On each trial, she was
shown only two sentences. One stated when she
was supposed to choose the candy, the other

when she should choose the cracker. Sarah
made two errors on eight trials of this type
of conditional problem.

Language or Discrimination Learning?
The validity of these and related examples

of problem solving as exemplars of language
invites careful scrutiny. One issue is the general
procedure used to train and test each exem-
plar. With but few exceptions, all of the prob-
lems presented during each training session
were of the same nature. Also, within a session,
the number of answers was quite limited. In
most cases, only two alternatives were avail-
able, and these alternatives were restricted to
a small subset of contrasts, for example same
versus different, yes versus no, red versus blue
(or yellow or green), and so on.
The homogeneous nature of the questions

posed during any one sessions, along with the
restricted range of possible answers, increases
the likelihood that nonlinguistic contextual
cues contributed to the performance of Pre-
mack's subjects. In at least one instance, it was
possible to solve a problem without paying any
attention to the critical word. Consider, for
example, training designed to convey the
meaning of the preposition on. In these prob-
lems, on was never contrasted with any other
preposition. The format of each trial was the
same: either the trainer placed one object on
top of another or Sarah was required to do so.
The only contribution of language to the solu-
tion of this problem was a lexical one: to
identify which object was to be placed on top
of the other object (red on green, clay on key,
and so on). In fairness to Premack, I should
mention an earlier artide in which he did refer
to Sarah's use of the prepositional term in
front of (Premack, 1971). But even this fact
was presented in a footnote that provided no
information about whether in front of was
contrasted with other prepositions or about
how well Sarah performed.
Another factor to keep in mind is the chim-

panzee's motivation for solving the problems
posed by Premack and his trainers. In each
case, some tidbit of food is provided following
each correct response or at the end of a run of
correct responses. Premack does not seem ter-
ribly concerned about this state of affairs. He
argues that reinforcement is a performance
variable and not necessary for learning per se.
Premack also asserts that he could have ob
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tained the same results using social reinforce-
ment. As far as I could tell, however, no evi-
dence was presented to support this conjecture.

In view of the many training procedures
Premack describes, it is often frustrating not
to be able to learn from the text just what
took place and when. No mention is made of
the actual sequence of problems given to each
chimpanzee. Only in a few cases is it possible
to infer which problems were presented earlier
and which problems were presented later in
the course of each subject's training. This prob-
lem could have been obviated by presenting
a table describing the sequence and the num-
ber of each type of session, as experienced by
each subject.

Also lacking are lists of the actual words
mastered by Sarah, Elizabeth, and Peony. In
the legend of Figure 3.3, Premack states that
what is shown is "a major portion of a lexicon
of 130 words" (p. 75). However, a count of the
words shown in Figure 3.3 reveals only 48
words, at least two of which are repeated. Nor
does it help to read on page 156 that Figure
3.3 shows how "the negative particle was ap-

pended to the head of one of the instruction".
None of the symbols shown in Figure 3.3 was

identified.
What is at issue, though, is the contents of

Sarah's, Peony's, and Elizabeth's vocabularies,
and not their actual size. It would be of inter-
est to compare the nature of their vocabularies
with that of chimpanzees from other con-

temporary studies. It would also be of interest
to know whether each word was mastered in
both the production and the comprehension
modes. It does not suffice to assert paren-

thetically at the end of the book that "after
sufficient training, every word taught the chim-
panzees in either production or comprehension
transferred to the other mode" (p. 354). For ex-

ample, after the unsuccessful attempt to teach
insert productively, it is stated that this verb
was taught in the comprehension mode. How-
ever, no information is provided as to when
and how insert was taught productively. Here
again it would have been helpful to look at a

simple table, showing when each word was

learned and in what mode.
The ambiguous nature of some of Pre-

mack's data gives rise to yet another type of
frustration. For example, in Table 4.1, per-

formance is characterized by reference to the
number of incorrect responses that occurred in

a set of problems. In Tables 6.1 and 12.1, per-
formance is characterized by the number of
correct responses. However, neither the neigh-
boring text nor the title of Table 15.1 specifies
what Table 15.1 (a three-page table!) shows:
correct or incorrect responses? Given the mar-
ginal nature of the performance shown by
many of the entries of Table 15.1, it is es-
pecially unsettling not to be sure what kind of
data it presents.

Sentences or Rotely Learned Sequences?
The most serious drawback of Intelligence

in Apes and Man is to be found in Premack's
interpretations of his data, rather than in their
fragmentary nature. The basic problem is
whether Premack has correctly interpreted
how his subjects perceived the symbols and se-
quences of symbols they were required to use.

(1) is "Mary give apple Sarah" a sentence?
As far as one can tell from Premack's descrip-
tion of the procedures used to train four-sym-
bol sequences, the trainer's name was never
contrasted with the names of other trainers
during the same session. While Mary, Amy,
Debbie, were alternated as choices between ses-
sions, they were never contrasted with one an-
other within the same session. Furthermore,
since each trainer wore his or her name symbol
on a necklace, all that the subject had to do in
order to solve this type of problem was to start
the sequence by matching the symbol on the
language board with that worn by the trainer.
Even though, as Premack observed, the subject
could have learned to associate the symbols
worn by the trainers with the trainers them-
selves, there is no evidence that they did so.
From the chimpanzee's point of view, the sym-
bols referring to each teacher's name could
well have been nonsense words.
As mentioned earlier, the meaning of give

was not distinguished from that of other verbs.
As such, it could have amounted to another
nonsense word that had to be placed after the
first nonsense word. On some trials, two recipi-
ent names were provided. Throughout each of
these problem sets, however, only one recipient
was present. From the subject's point of view
then, one alternative was consistently correct.
The subject need not have used the fourth sym-
bol of the sequence to refer to itself. Of the
symbols used in training four-symbol se-
quences, Sarah, Elizabeth, and Peony appear to
have learned the meanings of only those sym-
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bols that referred to the objects they requested.
But even in the case of objects, only two
choices of object names were provided on each
trial.
These considerations suggest that the se-

quences glossed by Premack, in general form,
as trainer give X recipient (p. 81), could just
as well be described as the rotely-learned se-
quence ABXD in which substitutions of the
meaning of X varied with the object on hand.
Premack is clearly aware that only

the object class was explicitly mapped....
Action, recipient, and donor classes were
not mapped in the same explicit fashion,
although the training session did provide
information that an appropriately inferen-
tial subject might have used to arrive at
the referents of the other particles (p. 82).

Premack recognizes that only the meaning
of the symbols for objects was learned. Yet,
throughout Intelligence in Apes and Man, he
refers to the symbols of the three remaining
elements of the sequence trainer give X recipi-
ent as if Sarah, Elizabeth, and Peony had in
fact learned their meanings.
Premack's poetic licence in attributing

meanings to each of the symbols glossed as
trainer give X donor is clearly revealed by con-
sidering the performance of another organism
on a similar problem. If a pigeon performed a
sequence ABXC, where X referred to different
incentives, it would seem far-fetched to refer
to that sequence as trainer give grain R-42.
That type of performance is easy to obtain.
Pigeons were trained to peck the sequence
A-+B-+C-+D, where A,B,C, and D were dif-
ferent colors, at levels of accuracy comparable
to that reported by Premack in the case of
"four-word sentences" (Straub, Seidenberg,
Terrace, Bever, 1978). On each trial, A,B,C,
and D were presented simultaneously in differ-
ent physical arrays. We have yet to try to
extend this performance to ABXC problems
(where X1 could refer to one type of grain,
X2 to a different type of grain, X3 to water, X4
to the opportunity to attack another pigeon,
and so on). If a pigeon could learn such a se-
quence (a not unlikely outcome), one wonders
what is to be gained by assigning names to
each member of that sequence.

Similar problems of interpretation arise in
connection with Sarah's performance on com-
prehension problems in which a single verb

refers to actions that are to be repeated (e.g.,
Sarah apple pail banana dish insert). Premack
asks, "Did syntax play any role or were the
compound sentences processed on an exclu-
sively semantic basis?" (p. 329).

After rejecting a semantic interpretation of
his instructions, Premack concluded that Sarah
did use a syntactic rule:

. . . in processing such sentences . . . the
functional effect of the rules, although
not necessarily the rules themselves, can
be described by grouping the words in a
sentence by parentheses and brackets....
The bracketing emphasizes the following
features of her performance.
She recognized the word "Sarah" ap-

plied to the whole sentence and not just
to the first clause; that is, she did not con-
fine her behavior to the first clause but
carried out the whole instruction. By the
same token, she must have recognized that
the word "insert" applied across the sen-
tence to all appropriate items mentioned
in the sentence, and not just to the second
clause. Additionally she divided the food
and container words appropriately, using
a container word as a break and grouping
together all food words that occur above
any container word (p. 330).

In these tests, Sarah was the only chim-
panzee present. That context, along with a
long history of working with problems that
required the execution of all aspects of an in-
struction, is sufficient to ensure the result that
"she . .- . recognized (that) the word 'Sarah'
applied to the whole sentence and not just to
the first clause." To conclude otherwise would
imply that Sarah would not have performed
in the same manner if Sarah was omitted. No
evidence of that unlikely outcome was pre-
sented.
Even the most difficult instruction put to

Sarah required only one kind of action (insert
or take). In view of the progression from com-
pound to condensed instructions, it would be
surprising if she had not recognized that the
verb ". . . applied across the sentence, to all
appropriate items mentioned in the sentence,
and not just to the second clause."
What Sarah appears to have learned in this

type of problem is what Premack rejected as
a "semantic" rule: operate on all of the objects
listed before the name of a container in the
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manner specified by the verb at the end of the
sequence. Unless Sarah could decode an in-
struction in which she had to perform two ac-
tions, where at least one of the actions had to
be repeated, it seems gratuitous to conclude
that Sarah had learned a hierarchical rule of
syntax.

Prepositions
The major difficulty in concluding that Pre-

mack's chimpanzees learned the meaning of
on, is that on does not appear to have been
contrasted with other prepositions. Since there
is no evidence -that a chimpanzee can learn
the meaning of a preposition from its context,
there is no basis for concluding that Sarah,
Elizabeth, and Peony interpreted on as a
preposition. These considerations apply to
both comprehension and production tasks. Ac-
cordingly, Premack's conclusion that Sarah,
Elizabeth, and Peony showed "successful trans-
fer of 'on' from comprehension to production"
(p. 128) seems unwarranted.

Predicates
The evidence that chimpanzees master

predicates is most convincing in the case of
same and different and least convincing in the
case of causal relationships. More so than any
other set of words of the vocabularies of Sarah,
Elizabeth, and Peony, same and different ap-
pear to have been used in a wide variety of
situations. But even in this instance, evalua-
tion is difficult. Consider, for example, Peony's
performance with same and different when she
worked with them in a new format. Instead of
having Peony put same or different between
a pair of similar or dissimilar objects, she was
invited to use these symbols without configura-
tional constraints. She was simply presented
with three objects (two similar and one differ-
ent) and two words (same and different). Pre-
mack noted that Peony's performance on the
first such test was "profoundly reassuring as to
the nontrivial character of pongid intelli-
gence."

1) She puts spoons together (did nothing
with the word "same," as though it was
redundant) and put the word "different"
on top of the piece of clay.
2) She put clay next to the word "differ-
ent," the two spoons together and the
word "same" on top of them.

3) She put two pieces of clay together
and the word "same" on top of them (and
did nothing with "different" and the
spoon).
4) She wrote out in a linear fashion "clay
same clay different spoon," that is, A
same A different B.
On subsequent lessons, she was given a

large variety of objects in the same con-
figurationless way. Most of the forms that
appeared in the first lesson disappeared,
including, regrettably, her linear format:
A same A different B. By and large, she
settled on only one of the several forms
that had appeared on her first lesson; she
superimposed the two like objects in so far
as possible and placed the word "same" on
top of them; then she placed the word
"different" either on or alongside the odd
object. One form she did not use was to
bring together the two unlike objects and
place the word "different" on them, per-
haps because to have done so would have
left no way to deal with the remaining ob-
ject and the word "same". Peony's be-
havior suggested that to her "same" meant
an object with a twin, whereas "different"
meant the condition in which an object
did not have a twin; this was a construc-
tion altogether compatible with the terms
of her training (p. 145).

Without question, Peony, Sarah, and Eliza-
beth mastered the use of same and different in
the standard configuration in a variety of prob-
lem sets. What is not clear is the reliability of
Peony's use of same and different in novel con-
figurations.

Performance on problems with the more
difficult if-then predicate provided little evi-
dence to justify Premack's conclusion that his
subject's understood the conditional relation-
ship expressed in the instructions. With but
one exception, the subject could discover what
to do by attending only to the consequence of
the conditional sentence (the second clause).
It was unnecessary to understand the contents
of the argument (the first clause). In the one
test in which it was necessary to attend to the
argument, Sarah made two mistakes in a set
of eight problems. With such meager informa-
tion, it is not possible to decide if that was a
reliable result.
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More reliable data were obtained with prob-
lem sets on causal inference. On these prob-
lems, the subject had to place the appropriate
instrument between an object in two different
states and thereby indicate what caused the ob-
ject to change from one state to another. Per-
formance was reliably accurate when novel
objects and instruments were presented. Ac-
cordingly, Premack concluded that his subjects
expressed an understanding of how the instru-
ment caused a particular consequence (for ex-
ample, how a crayon, as opposed to a glass of
water, caused an unmarked sponge to become a
marked sponge).
Aboutthis performance, Premack remarked:

Simple as this outcome is, it can be
given a stronger interpretation than may
first meet the eye, The visual sequences are
infinitely ambiguous: each can be coded in
indefinitely many ways, such as red-blank-
red, one-blank-two, round-blank-flat, large-
blank-small. Not only the test items but
also the three alternatives are subject to
indeterminately many codings. Knife, for
instance, need not be read as knife (in-
strument that cuts) but can be coded as
sharp, metal, long, shiny, etc., and the
same holds for the other alternatives. The
subjects evidently did not code the se-
quences or alternatives in this way, for they
consistently chose alternatives compatible
with only one coding, viz.: how do you
change the object from the intact to the
terminal stage? With what instrument do
you produce the change? Because the sub-
jects read the sequences in a specific and
consistent way-finding the same question
in each of the sequences-I infer that they
have a schema, a structure that assigns an
interpretation to an other wise infinitely
ambiguous sequence (p. 337).

Adult educated human observers will prob-
ably agree with Premack that a "knife . . . need
not be read as a knife (instrument that cuts)
but can be coded as sharp, metal, long, shiny,
etc." However, the critical question is, can a
chimpanzee code the knife and other so-called
instruments in the manner described by Pre-
mack? Without any training to code objects
according to sharpness, shininess, and so on,
there is no reason to expect the chimpanzee to
do so. In suggesting that his subjects refrained
from coding instruments in these irrelevant

manners, Premack appears to have taken for
granted a competence on the part of chim-
panzees for which there is no evidence.
How Premack's subjects solved these prob-

lems is suggested by the following thought ex-
periment. Suppose that the set of causal in-
ference problems was given without each
object in its original state. That is, the subject
would see only identical pairs of objects such
as two damp sponges, two apples, each show-
ing a crayon mark, and so on. It would not be
at all surprising if the chimpanzee performed
as well under this condition as it did when
the object was presented in its original state.
Without such tests, it is not clear whether
Premack's data support his conclusion that the
chimpanzee inferred a causal relationship be-
tween an instrument and a particular state.
A more parsimonious interpretation is that,
as a result of extensive drill, the subjects
learned to associate certain so-called instru-
ments with various states, e.g., crayons with
crayon marks, wet objects with water, pieces
of objects with knives, and so on.

Syntax
One of the most perplexing chapters of In-

telligence in Apes and Man is the chapter en-
titled "Syntax", a chapter in which Premack
concluded that a chimpanzee can learn some
rudimentary rules of grammar. Premack rec-
ognized that his method did not encourage his
subjects to generate new sentences by com-
bining separately learned phrases. However,
in evaluating Sarah's performance, Premack
observed that "... there are at least five differ-
ent cases sifted through her record in which
Sarah comprehended (and in a few cases pro-
duced) sentences formed by a process more de-
manding than that of combining phrases" (p.
319). We have already considered one of these
five cases: "hierarchical organization". Let us
consider briefly a few of the other examples of
Sarah's purported syntactical competence.

Attribution
The instructions in this instance were in the

form Sarah take X. Initially, X was a property,
for example red. Thus, when Sarah was in-
structed Sarah take red, where the choices were
a red and a green dish, she was rewarded for
taking the red dish. In the same series, it ap-
pears as if Sarah was also given instructions of
the type: Sarah take dish where the choices
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were a dish and a pail. For Premack, the criti-
cal test was Sarah's performance following the
instructions: Sarah take red dish, where the
alternatives were red and green dishes and red
and green pails. No details of this test are pro-
vided nor are any data presented. Nor is there
any entry in the index under "attribution"
that would help the reader to dig out the rele-
vant information from other sections of the
book. Let us assume that Sarah did perform
reliably on this test and ask, would it be valid
to conclude that:

In taking the red dish, instead of either
the green dish or the red/green pail,
[Sarah] demonstrated comprehension of
the attribute form. Her accomplishment
went beyond that of a child, for although
she had been taught "Sarah take dish" and
"Sarah take red," she had never been
taught "red dish." Unlike the sentence a
child produces at stage II, Sarah compre-
hended a sentence involving a unit that
had no history of independent occur-
rence (p. 320).

The question at issue is whether Sarah re-
garded red as an attribute of dish or whether
she solved the problem by matching red and
dish to the objects on hand in two separate
operations. Her correct performance when in-
structed Sarah take red/green, and confronted
with red and green dishes or pails, clearly sug-
gests that she could match the symbols red
and green to the objects on hand. In following
the instructions Sarah take red dish, one must
assume that Sarah was encouraged to choose
only one object from the set of four objects
with which she was confronted (red and green
pails, and red and green dishes).

Sarah could have followed one of two strate-
gies that would have enabled her to solve this
problem without any understanding of the at-
tributional relation between red and pail.
All she had to do was first to attend to the
dishes and then to the red object, or first to the
red object and then the dish. So long as this
type of problem can be solved by relating sym-
bols to the objects on hand, one at a time, the
interpretation that Sarah spontaneously ex-
hibited attribution seems gratuitous.
The further interpretation that this type of

performance shows evidence of understanding
an "actor-action-attribute-object form" (p. 320)
seems even more far-fetched. The evidence that

Sarah encoded Sarah as an exemplar of a class
of symbols meaning "actor" is virtually nil.
Since take appears to be the only verb in this
series of problems, it seems foolhardy to in-
terpret take as an action. And, as mentioned
earlier, it seems doubtful that Sarah truly dis-
tinguished between an object and its attribute
in this set of problems.

From Demonstrative Pronoun
to Demonstrative Adjective

Sarah was taught the so-called demonstrative
pronouns this and that in situations in which
she was instructed to take a near (this) or a far
(that) object. She was also taught to produce
sequences of the form Give Sarah this in order
to request a near object and Give Sarah that
in order to request a far object. Premack ob-
served that

... when required to produce "Give Sarah
this cookie" vs. ". . . that cookie," she made
only three errors in fifteen trials, with
none on the first five trials. She wrote the
incorrect "give Sarah cookie this" almost
as often as ". . . this cookie" but there was
no reason why her word order should have
been correct. Sentences of that kind have
never been modeled for her. Her own pro-
duction of the demonstrative adjective
form on that occasion was her first experi-
ence with the form (pp. 320-321).

Here again the details of training are scanty.
In this instance, however, one can refer back to
a slightly more elaborate description of the
procedure (p. 282):

Two cookies were placed on the table, one
notably larger than the other, with the
larger one closer to Sarah on some trials
and closer to the trainer on other trials.
She was given the words "give," "Sarah,"
"cookie," "this," and "that." Without fur-
ther training she was required to write
either "give Sarah this cookie" or "give
Sarah that cookie" depending on the loca-
tion of the desired cookie.

Having just been trained on a series of prob-
lems in which she was required to produce se-
quences of the form Give Sarah this and Give
Sarah that, it is not surprising that Sarah
added the additional symbol for the incentive
when that symbol was provided. The interpre-
tation of this performance pivots on just what
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Premack meant by saying that Sarah ". . . with-
out further training was required to write
either give Sarah this cookie or give Sarah
that cookie . . .". Just how did Sarah know
what was required? Though Premack success-
fully rebutted Clever Hans' interpretations of
performance on other types of problems, in this
instance the trainer could have cued Sarah's
performance. Did the trainer end a trial and
code Sarah's performance as an error if she
wrote give Sarah cookie? If he did not, and
instead encouraged Sarah to choose another
symbol, the sequences give Sarah cookie this or
give Sarah cookie that are not surprising, es-
pecially in view of her training to write give
Sarah this or give Sarah that in the preceding
problem set. Since this and that had just been
used to refer to objects, it seems premature to
refer to them as demonstrative adjectives.

Conjunction
In arguing that Sarah learned the "major

recursive form" of conjunction, Premack states

in the beginning she requested separate
fruits with separate sentences, say, "Mary
give Sarah apple" and "Mary give Sarah
banana," but subsequently requested sep-
arate fruits with a single sentence "Mary
give Sarah apple banana".... [The] use
of conjunction was impressive ... because
it was invented.... no aspect of conjunc-
tion was taught Sarah or the other sub-
jects (p. 321).

The reader is invited to judge the validity of
Premack's daim that Sarah (and Elizabeth and
Peony as well) "invented" the conjunctive
form by reading Sarah's training on "conjunc-
tion reduction".

Before we taught Sarah an explicit
marker for "and," we invited her to engage
in an implicit form of conjunction reduc-
tion on her own. In previous drills on sim-
ple sentence reduction, a piece of food had
been placed in front of her along with a
small set of words, her task being simply
to request the food-for instance, to write
"Mary give apple Sarah" when the food
was apple and "Mary give banana Sarah"
when it was banana, etc. After many such
drills, we invited Sarah to behave conjunc-
tively, by placing before her pieces of two
different fruits and giving her the usual

set of words, including names for both
fruits. On the first eight trials, she re-
sponded in keeping with her previous
training, writing "Give apple Sarah," and
"Give banana Sarah," her usual individual
sentences. On the ninth trial, however, she
changed her approach and wrote, "Mary
give Sarah apple orange," for the first time
requesting both items in one sentence. On
a subsequent lesson when given three
items per trial, she requested all three of
them, writing for example, "Give banana
apple orange Sarah" (p. 243).

The initial conjunction of apple and orange
could well have occurred by chance, then been
strengthened by virtue of a dual reward. It is
also the case that putting together a sequence
in which it is possible to use all of the object
names is an easier task than one that requires
the subject to choose only one object name.

Intellectual Foundations of
Language or Problem Solving?

Particularly in the last chapter of Intelli-
gence in Apes and Man (entitled Mechanisms
of Intelligence: Preconditions for language),
Premack's mixture of creative hypotheses,
scanty data, and overly rich interpretations of
that data detract from the soundness of his
conclusions about the intellectual basis of lan-
guage. The longest section of this chapter con-
siders the ability of an organism to engage in
casual inference. For the sake of brevity, I will
focus on this section (though similar problems
arise in Premack's discussion of intentionality,
representational capacity, map reading, multi-
ple internal representation, mnemonic ca-
pacity, and second-order relations).
The evidence of causal inference to which

Premack seems to assign the most weight is
the data on objectstate 1-object,&te2-instrument
matching that was described earlier. Premack
remarks that "Because the subjects read the se-
quences in a specific and consistent way-find-
ing the same question in each of the sequences
-I infer that they have a schema, a structure
that assigns an interpretation to an otherwise
infinitely ambiguous sequence" (p. 337). Re-
call that the problems posed by such sequences
could have been solved by symbolic matching.
Knives could be matched with multiple por-
tions of an object, crayons with crayon marks,
and so on. Given the existence of convincing
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data on symbolic matching in pigeons, it seems
doubtful that this kind of problem solving is
unique to chimpanzees and man.
Premack acknowledges that another line of

evidence supporting the chimpanzee's ability
to communicate about causal inference is in-
direct. The data come from problem sets in
which Sarah was required to write sequences
of the type trainer give X Sarah.

At an early stage of training, when first
being taught word order, Sarah wrote 409
three- or four-word sentences requesting
that one of several fruits be given her. Al-
though she made 76 errors of word order
(and many more errors of word choice) in
doing so, only three times did she begin a
sentence with the name of an object, mis-
takenly putting the object in the agent's
role, as in for example, "orange give Sarah
apple." The infrequency of this kind of
error is compatible with the view that she
divides the word as we do, assigning differ-
ent functions to objects and agents (p. 338).

The problem with Premack's interpretation is
not that the data regarding Sarah's perception
of objects and agents was indirect but that a
simpler explanation is readily available. The
sheer number of trials in simpler forms of this
problem, in which the object name was always
required to appear last, would seem to account
for Premack's observation equally well. Be-
fore three- and four-word sequences were
trained, two sequences of the type give X were
trained. Unfortunately, no data are provided
in Intelligence in Apes and Man regarding the
number of give X trials to which Sarah was
subjected, nor are any data provided on the
number of give Sarah X trials that Sarah ex-
perienced before being trained on four-symbol
sequences (where give Sarah X sequences were
also acceptable). It is at this stage of training
that Premack reports only three instances in 409
sequences in which the object was placed first.
Having exhausted his own data on causal

inference, Premack turns to data from a na-
tural situation in which chimpanzees were ob-
served to hunt termites by first selecting straws
from nearby plants, then inserting them in the
termite mound and finally "fishing out" the
termites.

One finds in the chimpanzee's technology
evidence of at least three aspects of its in-

telligence: planning, memory, and infer-
ence.
1. In selecting the straw at a distance
from the mound, the chimpanzee appears
to be able to plan. If planning is correctly
said to depend on the ability to hold in
mind a representation of one's objective,
then there is no question but that the
chimpanzee should be able to plan. Its
ability to generate and use-in highly de-
terminate ways-internal representations
has been amply demonstrated in the pres-
ent research.

2. The individual chimpanzee is said to
collect from over 25 different mounds. Its
ability to remember the locations of the
mounds, and the orifices concealed in each
of them, testifies to the ape's long-term
memory. Our own evidence confirms this
capacity most dramatically in the animal's
ability to identify the "anatomy" of vari-
ous fruits.

3. I have not been in a position to inter-
rogate the field chimpanzee, but if I were,
I would ask it whether or not it knows
what goes on in a termite mound. Can it
infer what happens between the time when
it inserts an empty straw into the mound
and withdraws it full of termites? Fishing
is after all a cognitively specal activity, a
kind of black-box technology in which
input is related to output by a hidden mid-
dle. We could use the visual causality
tests described earlier to interrogate the
chimpanzee, and find out whether or not
it knows the content of the hidden middle.
The three pictures would consist of a
chimp fishing, a blank frame, and a chimp
holding a laden straw, about to eat the
termites. I'he chimp's task would be the
usual one of selecting the missing picture.
The alternatives could include: (1) ter-
mites with their feet or antenna caught in
cracks in the straw; (2) termites caught
while using the straw essentially as a
bridge to cross little streams inside the
mound; (3) termites either attacking the
straw or trapped by their own curiosity,
and carried out even while exploring the
straw, etc. Let us assume that the third
alternative is the correct one. Whether it
is or not, if the chimpanzee chose it con-
sistently, this would demonstrate that it

172



IS PROBLEM-SOLVING LANGUAGE?

could identify the fishing situation as one
that induced curiosity, and could picture
another species responding to the situation
in the same way it would. But perhaps this
exceeds pongid intelligence (pp. 340-341).

This and other passages of Intelligence in
Apes and Man illustrate how Premack's cre-
ative imagination can isolate instances in the
chimpanzee's environment that may reveal im-
portant aspects of intelligence. Just what does
this example say about the uniqueness of this
performance in chimpanzees and how does it
contribute to language? There is sufficient evi-
dence available from lower forms that could
just as readily serve as a basis for arguing that
those forms have representations of their
worlds. Humming birds can remember where
they last gathered food from .a comparable
number of alternative food sites. The hypo-
thetical experiment Premack poses is an in-
teresting one, but, as we have seen earlier, it
is not clear what it would demonstrate about
causal inference as opposed to symbolic match-
ing.
In opting for an artificial, as opposed to a

natural language, the reader will recall that
Premack "attempted to devise the most efficient
training procedure possible, without regard to
whether it did or did not simulate the human
one". By claiming indifference to the degree to
which his language simulated human lan-
guage, Premack may have hoped to discourage
comparison between the linguistic achieve-
ments of his subjects and those of a human
child. Yet the very title of Premack's book, and
the numerous comparisons drawn between
chimpanzee and human language, invite the
reader to ask just what did Sarah and her
companions learn about language?

Despite Premack's frequent claims to the
contrary, a careful reading of Intelligence in
Apes and Man reveals that Premack himself
is aware that many exemplars of language in
the chimpanzee fall considerably short of
simulating human language. These contradic-
tions weaken the impact of this provocative
book. We have already seen that Premack's
own analysis of the semantic limitations of the
four-symbol sequences he tried to teach Sarah,
Elizabeth, and Peony did not stand in the way
of referring to such sequences as sentences
and to referring to the elements of these se-
quences by their English glosses.

Premack also seems to be aware of the limi-
tations of his teaching procedures. In discuss-
ing Sarah's ability to ignore irrelevant words
during one phase of her training, he writes:

Lessons were typically devoted to a small
well-defined topic. A search of extensive
data reveals perhaps a dozen lessons that
pick up several topics and shifted freely
from one to the other, but most lessons
dealt with only one topic.... Always the
lesson concerned a well-defined set of al-
ternatives. The words and even the sen-
tence to each lesson also made up a well-
defined set. The boundedness of the lesson,
in both its verbal and non-verbal alterna-
tives, could not but have helped Sarah
discover the topic of the lesson (p. 127).

Unfortunately, Premack did not pursue the
implications of training his subjects on homo-
geneous sets of problems whose solutions were
selected from a minimal set of alternatives.
Were he to do so, he would have to recognize
fundamental differences between Sarah's use of
language and that of a child's. In learning a
natural language, a child experiences a large
variety of utterances, as expressed by its par-
ents and siblings. That variety of linguistic in-
put is matched by the variety of words the
child has available in responding to another
person's utterance or in generating spontane-
ous utterances. When a child says, ball red
upon picking up a ball, its use of language
differs fundamentally from that of Sarah who
may have produced the corresponding se-
quence in response to a question such as ball?.
The issue here is not simply a question of the
spontaneity of the child's utterance. Of equal
importance are three other factors: the range of
alternative words available to the child and the
chimpanzee, the kind of training needed to
produce the utterance in question, and the
motivation for making that utterance.
One can anticipate Premack's reaction to the

concern that Sarah's use of language was rather
limited from his reaction to the objection that
sequences containing the symbol ? were not
really questions. One answer to this objection
is especially telling.

She answered but did not ask questions.
This would be a serious objection if she
failed to ask questions when given an op-
portunity to do so. The omission was in
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the training program, however, not in the
subject. In the beginning we could not
find a simple condition in which to make
the test; then we were diverted from the
matter by other issues and ended up by
(conveniently) forgetting it. Moreover, on
more than one occasion, apparently bored
by excessive drill, she stole all the words
before her-retired to the floor where her
position was less vulnerable-and wrote
out and then answered all the questions
taught her. Hunching over the plastic
pieces, passionately arraying them in se-
quences taught her, she offered one of the
few displays not only of her ability to
learn but of her ardent desire to use what
she had learned. The display also bespeaks
one of our main failures, a failure to in-
terdigitate the motivational pressures that
make language valuable with the cogni-
tive program teaching it. In fact, we did
not locate Sarah or the other objects in a
world, such as the child's, where increas-
ing command of language provided in-
creased command of the world (p. 153).
Here again, Premack recognized the limita-

tions of his program. At the same time, he non-
chalantly ducks the issue by noting that his
subjects were not provided with the oppor-
tunity to ask questions, or the motivation to
use language to increase their command of the
world. Premack seems to assume that by simply
arranging the appropriate training sequences
and by somehow changing the motivation,
Sarah would ask a question and would advance
beyond the rote learning that gave rise to the
dubious behavior of stealing the words from
the language board and then writing out and
answering all of the questions put to her by
her trainer.

Morgan's Canon Revisited
The attitude that anything is possible, if

one uses the appropriate training procedure, is
expressed all too frequently in Intelligence in
Apes and Man. Regrettably, it begs the ques-
tions that Premack set out to answer in the
first place. If Premack wants to study language
in the chimpanzee, its performance on his ex-
emplars must be compared with some sort of
reference performance. In order to go beyond
the interpretations given to the solutions of
animal problem tasks, the burden of proof is
on Premack to show that those interpretations

are inadequate. A chimpanzee's closeness to
man does not exempt it from C. Lloyd Mor-
gan's observation that an animal's behavior
should be interpreted at the simplest level,
unless there is compelling evidence that an ex-
planation involving higher processes is needed.
Such evidence cannot be obtained gratuitously
by assigning to Sarah's symbols whatever mean-
ings might be appropriate in English or by
arguing that Sarah would exhibit different fea-
tures of language if she were exposed to cer-
tain untried protocols.
An optimistic assessment of Premack's ap-

proach to language is that it is incomplete but
viable, so long as the problems he posed are
presented in a more elaborate form. Specifi-
cally, one would want to see how performance
fares when:

(1) the heterogeneity of the questions
posed to a chimpanzee is increased so that,
within a single problem set, a subject
might encounter same-different questions,
name-of questions, causal inference ques-
tions, instructions thorough enough to
test for an understanding of syntax, and
so on;
(2) the available answers span many cate-
gories of words;
(3) each word used by the trainer and by
Sarah is contrasted with at least one other
word from that word category; and,
(4) the referents of each of those words
are not present.
In short, one would want to see even a

modest attempt at synthesizing, within a single
session, some of the so-called "atomic constitu-
ents" that Premack had identified in his analy-
sis of language.
Whether problem solving, no matter how

elaborate, can ever simulate language is, of
course, an empirical question. Intelligence in
Apes and Man provides a stimulating sketch
as to how one might undertake such an ap-
proach. In view of the creative effort that went
into this research and its interpretation, it is
unfortunate that it falls short of providing
clear answers to the many stimulating ques-
tions it poses, both about language and intelli-
gence.
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