It would be rash to predict the out-
come; not all schemes now being
worked on will be adopted, which is the
price in technology assessment of keep-
ing options open. Surprises come, not
all unpleasant, and a historic parallel
occurs to me (37). In 1680 Christiaan
Hiiygens decided to control gunpowder
for peaceful purposes, as a perpetual
boon to mankind, and set his assistant
Denys Papin to invent a controlled gun-
powder engine. After 10 years of diffi-
culty, Papin had a different idea, wrote
in his diary,

Since it is a property -of water that a
small quantity of it turned into vapour by
heat has an elastic force like that of air,
but upon cold supervening is again re-
solved into water, so that no trace of the
said elastic force remains, I concluded
that machines could be constructed where-
in water, by the help of no very intense
heat, and at little cost, could produce that
perfect vacuum which could by no means
be obtained by gunpowder.

then invented the expanding and con-
densing steam cycle, which made pos-
sible the industrial revolution.
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twofold question of what language is
and whether an ape can be taught it
can be expressed in terms of two paral-
lel lists. The first is a list of exemplars,
things an organism must be able to
do in order to give evidence of lan-
guage. The second is a corresponding
list of instructions for training the or-
ganism so that it may be taught the
exemplars in question.

The exemplars I am dealing with
here concern selected aspects of: (i)
words; (ii) sentences; (iii) questions; (iv)
metalinguistics (using language to teach
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language); (v) class concepts such as
color, shape, and size; (vi) the copula;
(vii) the quantifiers all, none, one, and
several; and (viii) the logical connec-
tive if-then. This list is in no sense ex-
haustive, nor are the items on it of com-
parable logical order. They are simply
topics that were chosen to illustrate the
present approach.

Each word of the language used with
the chimp is a piece of plastic, backed
with metal, that adheres to a magne.
tized slate (Fig. 1). Sentences are
written on the vertical. The two sen-
tences shown in Fig. 1 can be para-
phrased in English as, “No Sarah take
honey-cracker” and “Sarah take jam-
bread,” respectively (2). Since the
language is written rather than spoken
or gestured, words and sentences are
permanent. The permanence of the
sentence makes it possible to study
language without a memory problem.
In addition, because the experimenter
makes the words, while the chimp
merely uses them, the difficulty of any
task can be modulated by controlling
the number and kind of words avail-
able to the chimp at any given time (3).
There are no phonemes in the language;
we have deliberately made the basic
unit the word (4, 5).

Mapping a Social Exchange

The first step in introducing a naive
subject to words is to establish a social
exchange between subject and trainer.
A feeding routine provided an ef-
fective transaction with Sarah, an Af-
rican-born, female chimpanzee about
6 years old when the study began. The
trainer began by placing a piece of
fruit on the table between Sarah and
himself and looking on in a friendly
manner while she took it and ate it.
After the transaction was well estab-
lished, the trainer placed a piece of
colored plastic from the language sys-
tem alongside the piece of fruit. The
fruit was then placed out of reach,
while the plastic chip was easily within
reach. Sarah was induced to make a
prescribed response with the language
element (in this case, to place it on the
language board), after which she was
given the fruit. The chimp was almost
immediately proficient in this act. Caus-
ing objects to adhere to a vertical sur-
face was something she did easily, in
contrast, for example, to producing hu-
man sound.

The rest of the training consisted of
making simultaneous changes in some
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aspect of the transaction and in some
aspect of the language system, in order
to establish a correspondence between
them. We started with the fruits that
were offered. When the fruit was a
banana, the plastic chip was of one
kind; when an apple, of a different kind;
when an orange, of still a third kind.
On each trial the chimp’s task was the
same—to place on the board the piece
of plastic that was beside the fruit. The
chimp was them given the fruit.
Two kinds of tests showed whether
or not Sarah had formed an associa-
tion between elements of the object
class and the corresponding elements of
the language class. In the first kind,
the chimp was given two words and
only one piece of fruit. This was done
to determine whether she could match
the word with the fruit. However, she
could know more than such a choice
trial would indicate. For example, if
she were less interested in the fruit that
was offered than in the fruit that was
not offered, she could use the “wrong”
word as a request for the fruit that she
preferred. This possibility was detected
by obtaining independent preference or-
derings on the fruits and on the words.

Fig. 1. The physical basis of the language
is pieces of plastic that vary in color, size,
and shape. Each piece is a word, and
each is backed with metal so that it will
adhere to magnetized slate. Sentences are
written on the vertical.

On one occasion, for example, Sarah
chose between all possible pairs of the
five different fruits on which she had
been trained up to that time; on an-
other occasion, she chose between all
possible pairs of the corresponding
words. The agreement between her pref-
erences among the words and among
the fruits averaged better than 80 per-
cent. In addition, most of her errors
occurred on choice trials involving non-
preferred fruit. It was therefore reason-
able to conclude that she knew what
word went with what fruit, even though
her choice sometimes suggested the con-
trary.

The next perceptual class was mapped
in the same fashion. Each change
in donor (the person giving the fruit)
was accompanied by a change in
the second language element. For
example, when Mary was present
and the fruit was apple, Sarah had to
write, “Mary apple” in order to re-
ceive the apple; with Randy present,
“Randy apple”; and so on. Associa-
tions for members of the donor class
were tested in the same way that ele-
ments of the object class were: when
one trainer was present with two or
more donor words, the subject matched
the word to the trainer. A preference
ordering could also have been deter-
mined for donors and their names, but
it did not prove necessary. She did not
appear to attempt to influence donors,
perhaps because, typically, only one
donor was present in a session, whereas
many foods were present.

In addition to being required to place
two pieces of plastic on the board, Sarah
was required to observe a proper order.
“Mary apple” was acceptable but “ap-
ple Mary” was not, since the target sen-
tence was “Mary give apple Sarah.”
The correct order of the words was re-
quired from the beginning so that no
incorrect orders had to be unlearned.
We also observed an antiregression rule.
Once Sarah had reached a two-word
stage, we rejected one-word fragments,
just as we rejected two-word fragments
when she had reached a three-word
stage, and so on.

The fruit and the donor were easily
mapped; the other two classes in this
example presented some practical diffi-
culties. For example, the attempt to
map the recipient ran into a predictable
problem: Sarah was reluctant to pro-
duce response sequences calling for a
recipient other than herself, Similarly,
the attempt to map the operator by
varying the action upon the fruit, some-
times cutting it or inserting it in a pail,
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What is A the same as ? ! A/B

What is A to A ? | same/different

What is A to B ? | same/different

Fig. 2. Four w/ questions, with English paraphrases.

encountered the same problem. Some
of the outcomes were so nonpreferred
that, once she had associated the lan.
guage element with the outcome, she
would not form the sentence. However,
these were strictly practical problems,
and we usually dealt with them by ar-
ranging appropriate contingencies. For
instance, when Sarah wrote, “Mary
give apple Gussie,” thereby denying
herself the apple, she was given a tid-
bit she preferred.

In summary, while many variations
are yet to be explored, the basic proce-
dure for introducing words to a naive
organism was straightforward. A trans-
action was established between the
subject and the trainer. Then a decision
was made as to the salient perceptual
classes into which the transaction should
be divided, a decision which proved to
be remarkably easy (5). Each class was
then rotated through a series of values
such as: apple, banana; Mary, Randy;
give, insert; Sarah, Jim; the other class-
es being held constant. As the value of
the perceptual class was changed, a
corresponding change was made in the
language element; and as each new class
was mapped, the language requirement
was increased.

Same-Different and the Interrogative

To call two bananas ‘“same” and a
banana and an apple “different,” nei-
ther object need be named. In this
sense, same-different has no linguistic
prerequisites. It can be contrasted with,
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for example, “name of” (which is a re-
lation between an item and its name) or
the still more demanding if-then (which
is a relation between sentences). In addi-
tion to being an appropriate starting
point, same-different offers possibly the
simplest of all contexts in which to
introduce the question. Since the ques-
tion can be of great service in the
teaching of further language, it can
hardly be introduced too early.

Before attempting to teach Sarah
the words “same” and “different,” we
used a match-to-sample procedure to
determine whether or not she was ca-
pable of the perceptual judgments that
underlie the linguistic distinction. We
gave Sarah two cups and a spoon and
taught her to put the two cups together;
we also gave her two spoons and a cup
and taught her to put the two spoons
together. Subsequently, we gave her a
large assortment of other objects, al-
ways in sets of threes, and found that
she was capable of matching all the like
pairs, not just those on which she had
been trained.

If the acquisition of language is the
mapping of existing knowledge, as is
often suggested (6), then teaching same-
different should be easy. We placed two
cups before Sarah, gave her a piece of
plastic meaning ‘“same,” and required
her to place it between them. Next, she
was given a cup and a spoon and was
required to place between them a piece
of plastic meaning *‘different.” We test-
ed her associations by requiring her to
choose between “same” and “different.”
Sarah was presented, as before, with

either two cups or with a cup and a
spoon. This time she was given both
the words “same” and “different” and
was required to choose between them.
She made 4 errors in 26 trials, none on
the first 5 trials. Next, she was given
extensive transfer tests, which showed
that she could apply the words to items
not used in training. In principle, Sarah
could go about the cage picking up
pairs of objects and labeling them
“same” or “different.” Relations of this
kind that she had been capable of rec-
ognizing before, she could now label as
such. This, rather than any new con-
cept, is what the language training con-
tributed.

In the exercises above, the chimp
was already being asked the question.
“What is the relation between the two
objects—are they the same or different?”
However, Sarah was asked this question
without an explicit interrogative mark-
er. The only markers she had so far
were the implicit one of the space be-
tween the objects, into which she was
to insert her answer, and the fact that
a trial did not end until she had com-
pleted the construction by adding the
third item.

The question could be made explicit
by any of the three standard linguistic
devices: inflection, word order, or an
interrogative particle. We chose the lat-
ter as the simplest, both in the sense of
involving the least change for the sub-
ject and of being the most compatible
with the present physical system. So
we simply added an interrogative mark-
er to the schema she was already re-
ceiving. For example where we had pre-
viously written:

A

“same”  “different”

we henceforth wrote:

A ?

“same” “different”

The variation in mechanical devices
that languages use to identify a ques-
tion obscures the basically simple na-
ture of the question. Any completable
construction is a potential question. It
becomes a question once it suffers one
or more missing elements. That is the
structural view. From the psychological
point of view, we must add that a ques-
tion arises when a speaker finds him-
self unable to complete certain con-
structions and has at hand a listener
whom he regards as a probable source
of missing elements. If this analysis is
correct, then the ontogenetically earliest
context in which to introduce the ques-
tion—and with great didactic benefit to
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all subsequent language training—is that
offered by the simplest possible com-
pletable constructions. Same-different is
such a construction, since it can be in-
troduced as a relation between unnamed
objects and thus has no linguistic pre-
requisites.

Since questions rely on missing ele-
ments, with a two-term relation such as
same-different, two question forms can
be generated directly: one by removing
the predicate (“same” or “different”),
another by removing one, or even both,
of the objects instancing the predicate
(A or B). A third form can be gen-
erated indirectly by appending the in-
terrogative marker, which itself stands
for the missing element or elements, to
the head of the construction and then
requiring that it be replaced by a fur-
ther element—specifically, either “yes”
or “no.” Examples of all three ques-
tions are shown in Figs. 2 and 3.

An example of two versions of a wh
question is shown in the upper panel
of Fig. 2. These questions can be para-
phrased as, “X is what to X?” and “X
is what to Y?’ The alternatives are
“same” or “different,” and Sarah’s
task was to replace the interrogative
marker with the appropriate word.

Two versions of a second type of wh
question are shown in the lower panel
of Fig. 2; they can be paraphrased as,
“X is the same as what?” and “X is
different from what?’ Now the alter-
natives are no longer the words “same”
or “different,” but the objects them-
selves. Sarah’s task remained the same:
that is, to replace the interrogative par-
ticle with the proper object and there-
by complete the construction.

The Yes-No Question

The yes-no question, the third form
that can be generated in this context, is
shown in four versions in Fig. 3. They
can be paraphrased as (i) “Is X the
same as X?”; (ii) “Is X different from
X?7; (iii) “Is X different from Y?”; and
(iv) “Is X the same as Y?” These ques-
tions were formed not by removing any
item from the sentence, but by adding
the interrogative marker to the head of
the sentence. Three linguistic items
were involved in questions of this form:
“yes,” “no,” and the interrogative mark-
er itself. Of the three, Sarah was already
familiar with two—the interrogative
marker, introduced in the wh forms,
and “no,” the negative particle that was
taught her earlier as an injunction
against carrying out the action called
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Is A the same as A ? | yes/no

E =3

4

s A not the same as B ? | yes/no

Is A the same as B ? | yes/no

.-06=

is A not the same as A 7 | yes/no

Fig. 3. Four yes-no questions, with English paraphrases. “Different” would be a more
suitable paraphrase than “not same,” since a negative particle was not used.

for by a sentence. An example of the
kinds of pairs of sentences used to teach
her the negative particle is shown in
Fig. 1. The training consisted simply of
arresting the chimp’s hand whenever
she reached for an item referred to in
a sentence containing a negative par-
ticle. The training was quickly effec-
tive. We have considered other ways
of introducing negation, but injunction
against action seems as basic as any
).

Sarah was given explicit training on
the first two forms of the yes-no ques-
tion shown in Fig. 3. She was then
tested without prior training on the
other two forms. This was designed to
find out whether she could transfer
from one form to the other. Training
started with the question, “? X same X”
(Are X and X the same?), where X rep-
resents any of the several objects used
in the original matching-to-sample. The
only alternative given her was “yes,”
the one word in the yes-no construction
that was unknown to her. She displaced
the interrogative marker, thus forming
the sentence, “Yes, X same X.” Next
she was given the question, “? X differ-
ent X” (Are X and X different?). Her
one alternative was the word “no.” She
used it to displace the interrogative
marker and form the sentence, “No, X
different X.” She was given seven trials
on each of the two forms.

At step two, she was given the same
questions, with both the words “yes”

and “no,” and was required to choose
between them. She made 2 errors in 15
trials, 1 on the first 5 trials. Rath-
er than being given the usual transfer
test, with new items substituted for
training items, she was tested on the
other two forms of the yes-no question.
The four forms of the yes-no question
were intermingled, and Sarah was asked
them in more or less random order.
Her alternatives were “yes” and “no,”
as before, and the objects substituted
for X and Y were those used in train-
ing.

On the questions in Fig. 3, she made
the following number of errors per to-
tal number of trials: 6 out of 33; 11 out
of 43; 2 out of 27; and 11 out of 51.
Errors were concentrated in the forms
in, which the word “different” appeared.
She made 25 errors in 94 trials on “dif-
ferent” questions, only 8 errors in 60
trials on “same” questions. Her error
distributions were otherwise about
equal. She made approximately the same
number of errors on the two forms in-
troduced in the transfer test as on the
two old forms (new: 13 out of 78; old:
20 out of 76), and about the same num-
ber on questions requiring yes-no an-
swers (yes: 17 out of 78; no: 16 out of
70).

The data suggest that Sarah learned
the “different” question simply as a cor-
relation between “different” and “no”:
that is, write “no” whenever “different”
is present. This simple rule failed, how-
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ever, when the second form of the
question was introduced in the transfer
test. There, “different” questions re-
quired both “yes” and “no” answers, as
did ‘“same” questions. This explains
why, after making virtually no errors on
the “different” question in the original
training, she went on to make numerous
errors on this same question when the
second version was introduced. Inter-
estingly, although Sarah could just as
easily have written ‘“yes” whenever
“same” appeared, she apparently did
not learn the “same” question in this
manner. The introduction of the second
form of the “same” question did not
occasion a large number of errors: she
learned these questions at her usual
level of proficiency. Still, the data do
not necessarily reflect an inherent diffi-
culty in the yes-no question. They may
reflect an unsound training program
that allowed an inadequate rule to de-
velop.

How general or abstract was Sarah’s
conception of “missing item”? Was it
specific to the same-different construc-
tion, or would she be able to use the
interrogative marker as a general par-
ticle in any known construction? The
evidence favored the latter. This is for-
tunate, since the ability to define ele-
ments of language abstractly is neces-
sary to a creative systemv of language

).

Metalinguistics

In contrast to same-different, which
can be a relation between unnamed ob-
jects, “name of” requires that one of
the two terms in the relation be a lin-
guistic one: for example, “X name of
Y,” where X is the name and Y is the
object named. This concept, like the
interrogative, has special value for
teaching further language and should
therefore be introduced early in train-
ing.

We placed before Sarah the word
“apple” and, at a small distance from
it, an actual apple. We then required
her to place between them the piece of
plastic that meant “name of.” On the
next trial, we presented the word “ba-
nana,” an actual banana, and “name
of.” The procedure was exactly like the
one we used to teach same-different.

After five trials on each of the two
positive instances, Sarah was given five
trials on each of the two negative in-
stances. The same materials and the
same procedure were used in all trials.

812

N &Q

"Apple' is the name of apple

Lo _

“Banana” is not the name of apple

Fig. 4. Examples of the relations “X is
the name of Y” and “X is not the name
of Y.” Note that the name of the negative
relation amounts to the negative particle
built on to the name for the positive rela-
tion (see Fig. 1 for the free form of the
negative particle).

We gave her the word “apple” and the
object banana on some trials, and the
word “banana” and the object apple on
other trials. In both cases, we required
her to place between the word and the
object the piece of plastic meaning “not
name of.” “Not name of” was formed
as a single unit by attaching the nega-
tive particle to the name for the posi-
tive case (Fig. 4).

Choice trials in which Sarah was
given the same materials but was re-
quired to choose between “name of”
and “not name of” served to establish
that she had formed the appropriate
associations. In addition, she was tested
by being asked questions. For example,
she was asked, “? ‘banana’ name of
apple” (Is “banana” the name of the
object apple?). The alternatives given
her were “yes” and “no.” She answered
this question correctly, as she did 15
of the 18 comparable questions with
the wh form (Fig. 2) and other ver-
sions of the yes-no form (Fig. 3).

The standard training paradigm, con-
sisting of two positive and two negative
instances of the concept, was followed
by a transfer test. The transfer test sim-
ply replaced the training items with new
items and repeated the choice trials and
questions. Sarah was asked, for ex-
ample, “? name of dish” (What is the
name of the object dish?). The alterna-
tives given her were “dish,” “pail,”
“apple,” and “raisin”—words that had
been introduced in the original mapping
of the social transaction. She answered
correctly about 80 percent of the ques-
tions on both the choice and the trans-
fer tests. Her performance indicated

that she could apply “name of” to in-
stances other than the ones used in
training.

Having introduced “name of,” we
went on to use it to generate new in-
stances of itself. For example, figs in-
terested Sarah but, like many of the
foods she enjoyed, they had not yet
been named. We placed before her a
fig and a piece of plastic meaning “fig.”
We then placed the word “name of”
between them. Next we placed a second
piece of plastic slightly apart from the
fig and put the word “not name of”
between them. Had Sarah attended to
the lesson? In order to answer this ques-
tion, we resorted to the interrogative,
giving her both the wh and yes-no
forms of the question. She was asked,
in effect, “What is the relation between
the piece of plastic and the fig?” The
alternatives were “name of” and “not
name of.” We also asked her, in effect,
“Is this piece of plastic the name of
fig?” In this case, the alternatives
were “yes” and “no.” Her generally
correct answers permitted us to move
to the last step, which required her to
use the appropriate word in a sentence.

The materials set before Sarah were
a fig and a number of words: “fig,” the
piece of plastic she had been told was
not the name of fig, the names of two
other fruits, “give,” “Sarah,” and
“Mary.” Sarah was given the fig when
she produced the sentence, “Mary give
fig Sarah,” which she did correctly on
eight of the first ten trials. She was
equally proficient when the same pro-
cedure was applied to Cracker Jack,
peach, and other items. Notice that the
negative trials—in which she is told that
X is not the name of Y—serve to rule
out the possibility that the name is con-
ferred simply by the physical contiguity
between the language element and the
object. Both when it is asserted that X
is the name of Y and when it is denied,
the spatiotemporal relation between the
language element and the subject are
identical. Yet only in the case of asser-
tion does the subject go on to use the
language element as the name of the
designated referent.

At a much later stage of training, it
was possible to introduce new words in
a far less formal way. The trainer sim-
ply held up together a piece of plastic
and an object and called attention to
the pair. Sarah used the piece of plastic
as the name of the object with which
it was paired no less effectively than
names introduced by the formal pro-
cedure. This suggests that she recog-
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nized the plastic and nonplastic ob-
jects as members of classes that
took the relation “name of” with respect
to one another. This is reasonable, since
the plastic was always the name of the
other item, never vice versa, and “name
of” was the only relation members of
the two classes took with respect to
each other. The presumptive instruc-
tions of the implicit naming procedure
could have been made ambiguous if
either two pieces of plastic or two ob-
jects were held up together. Then it
would have been unclear which was to
be the name of which, whether they
were synonyms, or whether some predi-
cate other than “name of” was intended.
We did not give Sarah such tests, since
they might have confused her.

Class Concepts: Color, Shape, Size

“Name of” could not have been in-
troduced until at least some items had
been named. Similarly, the class con-
cepts color, shape, and size could not
be introduced until names of individual
members of each class had first been
established. We introduced color as the
relation between individual colors and
the objects that instanced them: for ex-
ample, “Red color of apple.” The names
of individual colors were therefore the
linguistic prerequisites for the general
concept color.

Of three possible methods of intro-
ducing the names of colors, and of
properties in general, I will discuss only
the one we found to be highly effective.
The procedure is based upon the use of
a set of objects having nothing in com-
mon except the property to be named.
For example, in teaching the names for
“red” and “yellow,” we used a set of
red and a set of yellow objects that, in
both cases, were completely dissimilar
except for the common property of
color. The red set consisted of a ball,
toy car, Life Saver, and three compa-
rable items; the yellow set, of a block,
crayon, flower, and three comparable
items. None of the items in either set
was named, although we have no evi-
dence that this is a necessary condition
for teaching collective names.

We placed before Sarah one of the
red objects; the words ‘“‘give,” “Mary,”
and “Sarah™; and the piece of plastic
that meant “red.” Only the latter was
unfamiliar to her. Moreover, she had
often used the other words to form the
sentence, “Mary give Sarah . The
only word now available to her for
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Color (of)

Red /\ Apple

Yellow Banana
Shape (of)
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Round O
Size (of) :
O

Big D

Fig. 5. The cases used to teach the rela-
tions “color of,” “shape of,” and “size
of.” Words were used in ‘the first case,
objects in the other two.

completing the sentence was “red.” In
addition, at this stage of training (only
one unfamiliar word) she was always
required to use all the words given her.
With this convergence of factors, it is
not too surprising that she formed the
sentence, “Mary give Sarah red,” where-
upon the red object was handed to her.
(It is the outcome that is important
here, not the method: if the present
method had failed, another one would
have been substituted.)

On the next trial, the same condi-
tions obtained, except that Sarah was
given a yellow object and the word
“yellow.” This time she produced.
“Mary give Sarah yellow,” and was
handed the yellow object. Trials of this
kind were repeated until the six objects
in each set had all been used at least
once. She was then advanced to choice
trials, where the procedure remained the
same except for being required to
choose between “red” and “yellow.” If
a red object were present on a given
trial, she was required to produce one
sentence; if a yellow object were pres-
ent, a different sentence. She was cor-
rect on eight of the first ten trials and
was advanced to the transfer test. In
this case, the transfer test included not
only new red and yellow objects, but
also objects that were indistinguishable

~except for their color, such as smali

cards painted red or yellow. She had
her customary success on both phases of

the transfer test. Exactly the same pro-
cedure was used to teach her the words
“round” and “square,” and later the
words “large” and ‘“small” (9).

Property Names Introduce Class Names

Having established “red” and “yel-
low,” “round” and ‘‘square,” and
“large” and “small” (two instances of
each of the three main class concepts),
we introduced the class concepts color,
shape, and size. In each case, the class
concept was introduced as the relation
between a property and an item in-
stancing that property. As shown in
Fig. 5, the items instancing the prop-
erties were sometimes actual objects
and sometimes names of objects. (The
occasional use of objects was forced
upon us by limitations in Sarah’s vo-
cabulary.) The fact that we could teach
Sarah a property by the name of an
object no less than by the actual object
was, of course, highly encouraging; it
was the first unqualified suggestion that
the pieces of plastic had the referential
function of words.

In teaching class names, we took ad-
vantage of the interrogative, which by
now was a well-established form for
Sarah. “Red ? apple” (What is the rela-
tion between red and apple?) was the
first question we asked her. We followed
this with the same question concerning
“yellow” and “banana.” On both trials,
the only word available to her was
“color of.” She substituted this word
for the interrogative marker, thereby
forming the sentences, “Red color of
apple” and “Yellow color of banana.”
The next set of trials comprised ques-
tions concerning negative instances of
the same concepts. The only word avail-
able to her on these trials was “not
color of” (see Fig. 4 for an analogy in
the case of “name of” and “not name
of”). Substituting it for the interrogative
particle, Sarah produced “Yellow not
color of apple” and “Red not color of
banana” (10).

The same questions were repeated in
step two. Both the words “color of” and
“not color of” were available, and she
was required to choose between them,
She was correct on eight of the first ten
trials and was advanced to the transfer
tests. There she was required to choose
between the same alternatives, but now
with items not used in training. For
example, she was asked, “red ? cherry,”
and was required to fill in either “color
of” or “not color of.” It was not pos-
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sible at this stage to test the transfer of
the general concept color to individual
colors other than red and yellow, for
these were the only color names she
had been taught. In addition, there were
few red or yellow objects that had been
named at this time; therefore most of
the transfer tests were carried out with
objects rather than their names. For
example, she was asked, “? red color
of feather” (Is red the color of the
feather?”), where the feather was
an actual one, and her alternatives
were “yes” and “no.” Sentences com-
posed of a mixture of words and objects
were written on a work shelf rather
than on the magnetic board, since many
of the objects that appeared in these
sentences would not adhere to the
board. We called such strings “hybrid
sentences” and  used them whenever
limitations in vocabulary made them
convenient. A language in which words
are no less material than the things
they map not only makes it easy to
form hybrid strings, but also bridges the
chasm that some philosophers interpose
between words and things.

Because color was the first class con-
cept taught Sarah, the only relevant al-
ternatives we could ask her to choose
between at first were “color of” and
“not color of.” In the early stages,
therefore, we could only ask her wheth-
er, in effect, red was or was not the
color of apple. But after the class con-
cepts, shape and size, were introduced,
we could require her to choose among
various concepts and their negations.
Ultimately we asked her whether, for
example, “red” was the color, shape,
size, or name of the object apple. Her
performance was not impaired by the
increased alternatives.

Productive Use of Class Concepis

The productivity that was illustrated
earlier, in the generating of new names
with the concept “name of,” can also
be shown with the class concepts color,
shape, and size. Productivity, the ability
of a concept to generate new instances
of itself, is a characteristic of many
concepts that express relation, when at
least one term in the relation is repre-
sented linguistically. Apparently, a class
can be introduced on the basis of as
few as two values—for example, “red”
and “yellow” as the inductive basis for
color. Afterwards, the class concept can
be used to generate new instances of
itself indefinitely. For instance, we in-
troduced the color names “brown” and
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“green” with the sentences, “Brown
color of chocolate” and “Green color
of grape,” where “brown” and “green”
were the only words unknown to Sarah.
She was asked, “? color of chocolate,”
and was given “brown” as the only al-
ternative. She replaced the interrogative
marker with the only alternative avail-
able to her and formed the sentence,
“Brown color of chocolate.” She did the
same with “green.” This points up the
fact that in a system such as ours,
where the subject uses words but can-
not make them, one can be certain that,
if the subject will work at all, she will
form the appropriate sentence from the
first opportunity.

To determine whether Sarah could
understand “brown” in a sentence struc-
turally different from the training sen-
tence, we pgave her the instruction,
“Sarah take brown,” and at the same
time confronted her with four colored
wooden disks, only one of which was
brown. We followed this with the more
complex, “Sarah insert brown (in) red
dish,” where a red and a green dish
were present with the four wooden
disks. In both cases, she operated upon
the brown disk in the correct manner,
thereby showing that her comprehen-
sion of the word was not limited by
syntactic context. The same point is
made by other tests which show the re-
verse. After learning to use a property
name as a noun (“Mary give Sarah
red”), she can then understand the word
when it is used as a modifier [“Insert
apple (in) red dish”]. Although these
are early tests rather than final ones, we
have yet to find any evidence that
Sarah’s understanding of a word is re-
stricted to the syntactic context in
which it was originally learned (II).

General Functions: Sentence

The subject may produce properly
ordered strings of words, yet not be
forming a sentence. A sentence differs
from a string of words in that it has
an internal organization. The organiza-
tion can be represented by a tree dia-
gram or the application of parentheses,
both of which will show the relations
between any one word in the sentence
and all the others.

One of the simplest relations requir-
ing syntax is the symmetrical two-term
relation that can be found in geometri-
cal prepositions. For example, “red on
green and green on red.” One form of
the relation has no edge over the other,
unlike, for example, “fly on horse,”

which is notably more probable than the
reverse. The interchangeability in the
first case makes it impossible to distin-
guish physically between the class of
items that can take one position in the
relation and the class of items that can
take the other position. The position of
an item in the relation can be deter-
mined only by the order of its corre-
sponding word in the sentence or by
inflectional differences.

We used four color words that Sarah
knew—*red,” “green,” “blue,” and “yel-
low”—to train her in the preposition
“on.” Small cards, painted one of the
four colors, but indistinguishable other-
wise, were used as the objects. One of
the two cards was placed on top of
the other, the top caid offset a bit so
that the bottom one could be seen. We
trained her in the comprehension mode,
requiring her to respond to the trainer’s
sentences. We then tested her ability to
produce the same sentences herself. The
training proceeded in three steps, the
first restricting her to one pair of colors,
the second dealing with her ability to
generalize to the other colors, and the
last examining her transfer from com-
prehension to production.

In the first step of the training, the
red card was placed on the table before
the subject. The trainer wrote on the
board, “Green on red,” handed Sarah
the green card, and then induced her to
place it on the one that was already
there. Next, the opposite sentence, “Red
on green,” was presented, with the green
card down and the red card handed to
Sarah as the one to be placed on top.
Subsequently, she was given both cards
and was presented first with one form
of the sentence and then with the other.
Once she was proficient at producing
the card arrangement called for by the
sentence, she was given sentences using
all four color words. She performed as
well on the ten new cases as she had
on the two training cases.

The last step concerned Sarah’s
ability to produce sentences appropriate
to the trainer’s behavior rather than
to behave in ways appropriate to the
trainer’s sentences. On each trial she
was given three words—two color
words and “on.” She was required to
place them on the board in a way that
corresponded to, or described, the
trainer’s placement of the cards. Thus,
if the trainer put the blue card on the
green one, Sarah, who held the words
“green,” “blue,” and “on,” was re-
quired to write, “Blue on green.” She
was correct on eight of the first ten
trials (72).
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Compound Sentence

Consider the sentence, “Sarah insert
banana pail apple dish.” In English,
the sentence instructs Sarah to put the
banana in the pail and the apple in the
dish. The procedure used to teach
Sarah to respond correctly to this sen-
tence was based on three steps, all in
the comprehension mode. First, she
was trained on each of the four simple
sentences which make up the com-
pound sentence: “Sarah insert banana
pail”; “Sarah insert apple pail”; “Sarah
insert banana dish’; and “Sarah insert
apple dish.” The trainer wrote each sen-
tence, one at a time, on the board;
at the same time, he offered Sarah a
choice of fruit and containers and re-
quired her to place the designated fruit
in the designated container.

Next, Sarah was given all possible
pairs of the sentence, side by side, in
the manner of a paragraph. For ex-
ample:

Sarah

Sarah
insert insert
banana apple
dish pail

Since no change was made in the com-
position of the individual sentences,
this step was intended merely to ac-
custom her to carrying out two acts
of insertion, as is required by the com-
pound sentence.

“In the final step, all possible pairs
of sentences were again combined, this
time one immediately above the other.
This conjunction of two simple sen-
tences was gradually converted into
one compound sentence. The proce-
dure generated sentences of the follow-
ing kind:

i) (ii) (iii)
Sarah Sarah Sarah
insert insert insert
banana banana banana
pail pail pail
Sarah insert apple
insert apple dish
apple dish
dish

Neither the deletion of the second
use of “Sarah” nor the subsequent
deletion of the second use of “insert”
disrupted her performance. Sarah per-
formed correctly 75 to 80 percent of
the time (her customary level during
this phase of the project), and con-
tinued to do so when the changes
were made. Nor was her performance
impaired in the transfer tests, which
included substitutions for both the
verbs and the nouns.
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The Copula: Learned as
Nonsense Syllable

The concepts of subset or class
member, both of which are among the
several meanings of “is” (“Red is a
color,” “Apple is a fruit”), could prob-
ably be taught most efficiently by a
method analogous to the one we used
to teach the names of properties. Using
a set of items that had only one com-
mon property, we had required her to
request each of them by writing the
same sentence: for instance, “Give
red.” This same approach could be
adapted to the present concept by
temporarily removing the names of the
individual fruits and then requiring her
to request the items by a class name.
For example, where she had previ-
ously written, “Give apple,” “Give
banana,” and so on, remove the in-
dividual names and require her to re-
quest the same set of items by writing,
“Give fruit.” This would serve to teach
the class word “fruit.” Repeating the
same procedure with “chocolate,”
“caramel,” and “gumdrop” would serve
to teach another class word, “candy.”
Then “is” could be introduced as fol-
lows: “Apple, banana is fruit”; “Choco-
late, caramel is candy”; “Apple, banana
is not candy”; and “Chocolate, caramel
is not fruit.” These training sentences
provide the standard two positive and
two negative instances of the concept.
More important, they provide strings
in which the only unknown is the new
predicate itself; both of the arguments,
the names of the class members and
the names of the classes, are established
words.

In fact, we taught Sarah “is” in
quite a different way, one that proved
to be inefficient. This is interesting be-
cause of the suggestion it contains as
to what makes a method inefficient.
We gave Sarah the question, “red ?
color” (What is the relation between
red and color?). The only alternative
given her was the word “is,” which
she used to replace the interrogative
marker, thereby forming the sentence,
“Red is color.” We repeated the pro-
cedure with “round ? shape.” Sarah
formed the sentence, “Round is shape”
in the same fashion, After being given
the usual five trials on each of the two
positive instances, she was given the
same number of trials on each of two
negative instances. She was asked, “red
7 shape” (What is the relation between
red and shape?) as well as “round ?
color” (What is the relation between
round and color?). In both instances,

the alternative given her was “is not”
(“is” and the negative particle). She
displaced - the interrogative marker,
thereby forming “Round is not color”
and “Red is not shape.”

At step two, she was asked the same
questions, was given both the words
“is” and “is not,” and was required to
choose between them. She made 10
errors on the first 22 trials. All of the
errors were caused by her failure to
use the negative form, resulting in such
answers as “Round is color” and “Red
is shape.” Following this unprecedented
failure at step two, she was returned
to step one, given five trials on each
of the “is not” cases, and advanced
again to step two. This time she made
14 errors, 11 of them on “is not.” She
was returned to step one, given only
two trials on each of the negative
cases, and retested on step two trials.
On this third and final test she made
no errors in 18 trials,

On the transfer test, she was asked
all of the previous questions, with the
words “yellow” and “triangular” sub-
stituted for the training words “red”
and “round,”” and was required to
choose between “is” and “is not,” as
before. For example, she was asked,
“yellow ? shape.” She answered cor-
rectly, replacing the interrogative
marker with “is not” and forming the
sentence, “Yellow is not shape.” She
made only 3 errors on 26 trials, none
on the first 5 trials, Thus, even though
“is” was acquired with many errors, it
was successfully transferred to non-
training items. :

What exactly did “is” mean to
Sarah? Unfortunately, we cannot say,
because we did not teach her any other
concepts with which to contrast “is.”
Concepts might be said to come in
clusters. Only by teaching at least two
members of a cluster is it possible to
say what either one means. This is not
a new point, but a methodological
stricture that we adhered to in nearly
all previous cases: (i) from the be-
ginning, no class was given only one
member—in mapping the original so-
cial transaction, “apple” was contrasted
with “banana,” “orange,” and so forth;
(ii) we taught not one property class,
but “color,” “shape,” and “size,” and
for the same purpose; (iii) the logical
connectives are an unfinished cluster—
the meaning of if-then will remain in
doubt until she passes tests on “and”
and “or” (13). These cases differ some-
what from “is,” however, in that what
constitutes contrasting alternatives is
intuitively clear. Tt is less clear what con-
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stitutes the semantic neighbors of “is.”
If, when asked the relation between
apple and fruit, Sarah wrote, “apple is
fruit” rather than, say, “Apple color of
fruit,” we would not regard this cor-
rect reply as especially informative.
That is to say, “is” and “color of” do
not belong to the same cluster.

Moreover, the subject’s successful
performance on a transfer test cannot
substitute for its ability to discriminate
between neighboring concepts, Sarah
passed the transfer test on “is” by
writing, for example, “Yellow is not
shape,” and “Yellow is color,” where
“yellow” was a nontraining item. This
established that, on her own, she as-
signed to “yellow” and “color” the
same relation that she was taught to
assign to “red” and “color.” But, un-
fortunately, it does not tell us what that
relation was. That information can
come only from the subject’s ability
to discriminate a word from close al-
ternatives.

Pluralization

Pluralization, in keeping with the
rest of the system, was introduced in
the form of a separate particle rather
than as an inflectional change. Since
we found it mechanically awkward to
pluralize both noun and verb, we arbi-
trarily restricted pluralization to the
verb. For example, we wrote, “Red,
green is pl color,” but not “Red, green
is pl color pl,” where “pl” after a word
is the plural marker. Since this pro-
hibits our studying noun-verb agree-
ment, the restriction is temporary. Ulti-
mately we will pluralize both gram-
matical classes, though not necessarily
with the same particle.

The first sentence given Sarah in her
training with the plural was “red, yel-
low is ? color,” which largely de-
fies translation into English. The only
alternative given her was the plural
marker “pl,” with which she displaced
the interrogative marker to form the
sentence, “Red, yellow is pl color”
(Red and yellow are colors), Next she
was given the comparable sentence
with respect to shapes: namely,
“round, square is ? shape,” which is no
more translatable than its counterpart
in colors. Again she displaced the in-
terrogative marker with the only al-
ternative given her, thereby forming
the sentence, “Round, square is pl
shape,” in effect, round and square are
shapes.

816

The two negative instances given her
were “red, yellow is not ? shape”
and “round, square is not ? color.”
She displaced the interrogative marker
with the only alternative given her,
making the sentences, “Red, yellow is
not pl shape” and “Round, square is
not pl color” (Red and yellow are not
shapes; Round and square are not
colors). The training departed from
the standard procedure in that she
was given the same alternative, “pl,”
on both positive and negative trials.
This was done because the negative
particle is appended to the verb rather
than to the plural marker: that is, “is
+ pl” equals “are,” and “is not 4 pl”
equals “are not.” We rejected, as mak-
ing little sense, the alternative of ap-
pending the negative marker to “pl”;
that is, “pl not.”

The trials at step two were modified
to accommodate the fact that the neg-
ative particle was not appended to the
new word, as it usually was. We put
two interrogative markers in the
sentence, indicating a need for two
words, and offered three alternatives
rather than the usual two. For ex-
ample, Sarah was asked, “red, yellow
? ? color,” and was given the alterna-
tives “is,” “is not,” and “pl.” She dis-
placed the two interrogative markers
with the particles “is” and “p!” in the
proper order—“Red, yellow is pl
color.” She was equally successful in
displacing the two interrogative
markers in the sentence, “round, square
? ? color” with “is not” and “pl,”
forming the sentence, “Round, square
is not pl color.” The use of two in-
terrogative markers may have been an
unnecessary crutch., After only five
trials, we reverted to the use of a single
interrogative marker for both words,
and she made no errors in 15 such
trials. We viewed her successful replace-
ment of one interrogative marker with
the appropriate two words as a step
toward the eventual achievement of
answering questions not with a word,
but with a complete sentence (I14).

The many errors Sarah made in
learning the copula are in contrast to
the relatively few errors she made in
learning most other concepts. Plural-
ization and the question, for example,
map well-defined states of affairs,
which is, I think, the main reason
they were learned easily. The inter-
rogative marker visually represents the
missing item or items in well-learned
constructions. Referents are equally
clear in the case of the plural marker.

In analytic sentences such as “Red,
yellow is pl color,” “pl” is called for
when there are two or more items in
the subject (I[5). In synthetic sen-
tences such as “Apple, orange is pl
big,” “pl” has a double cue—the
linguistic one noted above and a non-
linguistic one. The nonlinguistic cue
is the state of affairs mapped by the
sentence, in this case a large apple and
a large orange.

In teaching a two-term predicate
such as “is,” where the predicate is
itself the unknown, both arguments of
the predicate must be properly in-
stanced. They were, it would seem,
when she was taught the property
classes. In teaching ‘“‘color of” as the
relation between “red” and “apple,”
both “red,” as a kind of property, and
“apple,” as an object instancing that
property, had been established by prior
training. But in teaching “is” as the
relation between “red” and “color,”
“color” was not properly instanced.
Strictly speaking, we had no word for
“color,” only a word for “color of,”
having neglected earlier to teach her
a genitive particle. Rather than take
the time to map the concept “of,” such
that color could then have been taught
as a class, I tried to substitute the
available “color of.” The many errors
she made and the drill that was neces-
sary to instill the word ““is” suggest that
this was a mistake. The pattern of her
learning in this case is reminiscent of
paired-associate learning, where the
subject is required to learn an arbi-
trary association between words or
nonsense syllables. If the training
method is proper, the predicate will
not occur as an arbitrary associate of
two words. Instead, it will be the name
of a conceptual relation that is in-
stanced by these words. (The new word
will be arbitrary in either case, but
there will be a relation that is named
in one case and not in the other.) I
think we may expect different learning
patterns in the two cases, drill and
numerous errors being far more likely
in the one than the other.

Object Classes

The three object classes we taught
Sarah were “fruit,” “breadstuff,” and
“candy,” in that order. We started her
with the question, “banana is ?”’ and
gave her only one alternative, the word
“fruit.” She displaced the interroga-
tive marker to form the sentence,
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- Cracker is pl square

all vs none

~.Cracker is pl square .. Cracker is pl square

_Cracker is pl round  __ Cracker is pl round

. Cracker is pl triangle __. Cracker is pl triangle

all vs none

- Cracker is pl square

— Cracker is pl round

__.Cracker is pl triangle
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Fig. 6 (left). Exercises used to teach all-none, with the original, unsuccessful version above, and the modified, successful version

below.

“Banana is fruit.” Next we gave her
the same question with respect to
cracker and breadstuff, a class invented
for the occasion. The usual five trials
on each of the two positive instances
were followed by an equal number of
trials on two negative instances. She
was given the question, “banana is not
?? and the word “breadstuff,” with
which she displaced the interrogative
marker. By a corresponding procedure,
she was also led to produce the sen-
tence, “Cracker is not fruit.”

On trials at step two she was given
the same questions, but was required
to choose between the words “fruit”
and “breadstuff.” She made 1 error
in 15 trials, none on the first 5 trials.
On the transfer tests, the same ques-
tions were repeated in the presence of
the same alternatives, but with the
words “bread,” “cookie,” “grape,” and
“peach” substituted for the training
words “banana” and “cracker.” She
made 7 errors in 46 trials, 1 on the
first 5 trials.

But what meaning would failure
have had in this case? Having been
taught that banana is a fruit, suppose
Sarah chose not to call peach or grape
a fruit. In what sense could she be
considered to be in error? In the
present exercises, she was not asked
yes-no . questions, which would have
required her to decide whether or not
peach, for example, was a fruit. In-
stead, she was merely asked wh ques-
tions, which required her to decide
only whether a peach was more like a
fruit or a breadstuff. Nevertheless,
errors are difficult to interpret in the
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case of object classes, An item cannot
partly be and partly not be a color,
or a shape, or a size. Yet every object
class is subject to this ambiguity. A
stone that barks or a dog that never
moves—are they animate or inanimate?
That is to say, intermediate items can
always be proposed in the case of ob-
ject classes (for example, banana bread
in the case of fruit and breadstuff).
Notice, however, that there are no in-
termediate items for colors and shapes,
shapes and sizes, sizes and colors. One
may waver in deciding whether to call
black and white colors, but whatever
one decides on that point, he will have
no tendency to classify either as a
shape or a size,

Because object classes are the vic-
tims of intermediate cases, whereas
property classes are not, we assigned a
higher priority to property -classes,
used them to map class membership,
and then tried to use the mapping to
set up object classes. Though logically
defensible perhaps, it was tutorially
inefficient, and the procedure described
at the outset of this section seems
clearly preferable,

Quantifiers: All, None, One, Several

“All” and “none” were the first
quantifiers taught Sarah, followed by
“one” and “several.” Two sets of five
crackers each were used in the train-
ing. All the crackers in one set were
round; in the other, square. The square
set was placed before Sarah and she
was given the question, “? crackers is

Fig. 7 (right). Features analyses of the object, apple, and the word, “apple.”

pl square” (What or how many
crackers are square?). The only word
given her was “all,” so she used it to
displace the interrogative marker. The
resulting sentence was “All crackers is
pl square” (All crackers are square).
We repeated the procedure with the
set of round crackers and the word
“none.” She displaced the interrogative
marker and formed the sentence,
“None crackers is pl square.”

In the case of all-none, we arbitrarily
elected to pluralize both forms: “All
is pl round” and “None is pl round.”
The same questions were repeated,
with Sarah choosing between “all” and
“none.” She quit after only eight trials,
which was not uncommon; . but she
made three errors in the eight trials,
which was uncommon, She was given
20 more choice trials of the same kind
on the next lesson. She made 12 errors,
6 on “none” and 6 on “all.”

The lessons were modified by adding
a third set of crackers (all triangular)
and two further questions. The original
and modified lessons are diagramed
in Fig. 6. The top portion of the figure
shows the original form of the lesson,
and the bottom portion, the revised
form. A sense of the task confronting
Sarah can be gained by covering up all
the material in each lesson except for
one question and one set of crackers.
Notice that in the first lesson only one
question was asked—it was simply
asked in the presence of two different
sets of crackers. In the revised lesson,
however, three different questions were
asked, each one in the presence of
three different sets of crackers. Her
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alternatives on both lessons were the
same: namely, “all” and “none.” On
the revised lesson she made 4 errors
in 15 trials; the errors were divided
almost evenly among the possibilities.
Sarah’s 74 percent correct is still below
criterion, but it is an improvement
over the preceding lessons.

The original lesson in all-none was
atypical in that it provided Sarah with
less information than the standard
lesson does. Sarah is given two pieces
of positive and two pieces of negative
information in the standard lesson.
However, in the first version of the
present lesson, Sarah was given only
half the usual information. Only one
sentence was associated with each set:
“All crackers are square” with the
square set; and “None of the crackers
is square” with the round set. Usually,
“All crackers are round” would have
been associated with the round set, and
“None of the crackers is round” with
the square set. The revised lesson, in
which three sentences were associated
with each set, provided the missing in-
formation. Two sets of crackers would
have been sufficient to convey the
standard amount of information, but
we added a third set for emphasis. In
doing so, we may actually have pro-
vided too much information.

What is the optimal amount of in-
formation for teaching the various
concepts? We have relied heavily on
two positive and two negative instances
of each concept, and the present failure
suggests that they may actually be
necessary. But it will be some time be-
fore we really know. Systematic
changes in training procedures, of a
kind needed to answer such questions,
have been deferred. At this stage, we
have concentrated on teaching as many
exemplars of language as possible and
have not changed training programs
unless forced to do so by failure.

A number of set arrangements are
possible in teaching the distinction be-
tween “one” and “several.” In the ap-
proach we used, there was no overlap
between the sets. Six sets were used to
teach “one,” and six different sets to
teach “several.” All sets consisted of
five crackers of two different shapes.
The sets used to teach “one” contained
one cracker of a different shape from
the other four. The sets used to teach
“several” contained two or three
crackers of one shape, and the re-
mainder (up to five) of a different
shape. “Several” could thus mean
either two or three crackers of the
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same shape. This condition was ful-
filled for each shape by four sets. For
instance, “Several crackers are round”
could be applied to the following four
sets: two round and three square, two
round and three triangular, three
round and two square, three round
and two triangular.

Each of the 12 training sets was
placed before her and she was asked
a question appropriate to it. For ex-
ample, in the presence of the set con-
taining only one square cracker, she
was asked the question, “? cracker is
square” (What or how many crackers
are square?). The only alternative
given her was ‘“one,” with which she
replaced the interrogative marker to
form the sentence, “One cracker is
square.” On other -occasions, a set
containing two round and three square
crackers was placed before her and
she was asked the question, “? cracker
is pl square” (What or how many
crackers are square?). Since the only
alternative given her was “several,”
she made the sentence, “Several cracker
is pl square.” }

On trials at step two, she was pre-
sented with the same sets and questions
as on step one, but she was now given
both “one” and “several” and was re-
quired to choose between them. She
made only one error on the first ten
trials, The one-several distinction may
be simpler than the all-none distinction,
not merely because it was taught later,
but also because “one” and ‘“several”
correspond with the absence and pres-
ence, respectively, of the plural marker.
Thus, we say, “One is round” but
“Several is pl round.”

Because her terminal performance on
all-none was substandard (74 percent
correct), she was given a review on
this distinction. We used ten questions
from the revised lesson, with the same
three sets shown in Fig. 4; she was
correct on eight of the ten trials. Then
the sets from the all-none and one-
several exercises were combined for
the first time. She was asked the same
questions as before, but was required
to choose among all four alternatives—
“all,” “none,” “one,” and “several.” She
was correct on eight of the first ten
trials,

The transfer test presented a special
problem. The sets used to instance the
quantifiers differed from one another
solely in terms of shapes. This is a
narrower inductive base than we had
used with previous words. Moreover,
all the shape words Sarah knew had

been used in training. Thus, we had
either to teach her new shape words or
to conduct the transfer test with a
class concept other than the one used
in training. Could she transfer the
quantifiers not only to nontraining
items, but also to items that differed in
properties other than shape?

The class concepts used in the trans-
fer test were color and, to a lesser
extent, size. Sets differing in color were
prepared by dyeing pieces of apple
red or green, and by leaving the yellow
or green peel on slices of ripe or un-
ripe banana. Sets based on size were
composed of pieces of bread of two
different sizes. Of the 18 sets used in
the training of the four quantifiers, 10
were duplicated with either color or
size values substituted for the original
shape values. For example, color sets
consisted of: five red pieces of apple,
one red and four green pieces, two
red and three green pieces; five yellow
pieces of banana, one yellow and four
green pieces, and so on. Seven of the
sets were based on color and three on
size. She was asked the same questions
as before, though now they were
framed in terms of color and size
rather than shape; and she was given
all four quantifiers to choose from.
For example, in the presence of a set
consisting of three green and two pieces
of red apple, she was asked, “? apple is
pl green” (What or how many apples
are green?). She answered correctly by
replacing the interrogative marker with
“several,” thereby forming the sen-
tence, “Several apple is pl green.” She
was correct on nine of the first ten
trials, If she had failed this test, we
might then have sought to devise train-
ing procedures conducive to cross-
dimensional transfer. But she succeeded,
and that on the basis of a training pro-
gram that would seem to make a mini-
mal contribution to cross-dimensional
transfer. The success must be attributed
to Sarah, not to the training program.
Indeed, if an organism were deficient
in matters of transfer, it is by no means
clear what one would do to overcome
the deficiency, though it would be of
great interest to try.

A last test concerned Sarah’s ability
to use the quantifiers in sentences of
a grammatical structure different from
those used in training. The training
sentences had all been descriptive or
declarative: All (one, none, several)
cracker (apple, banana) is (pl) round
(square, red, big, and so on). In the
test, the quantifiers occurred in im-
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perative sentences. A dish and a large
number of both crackers and candies
were arrayed before her. She was told,
“Sarah insert all the crackers in the
dish,” and she was allowed to keep
whatever she put into the dish. The
routine was familiar to her, as was
the use of the imperative sentence;
the only new element was the appli-
cation of quantifiers to imperative sen-
tences.

She responded correctly to the first
five instructions: (i) ‘“‘Sarah insert one
cracker dish,” (ii) “Sarah insert some
cracker dish,” (iii) “Sarah insert one
candy dish,” (iv) “Sarah insert all
candy dish,” and (v) “Sarah insert
several candy dish.” On the next two
instructions, when told to insert “none”
cracker and “several” cracker, she
obeyed insofar as the crackers were
concerned, but supplemented the in-
structions a little with candy, inserting
one piece in the first case and all in the
second. The trainer decided to allow

the performances to pass on the grounds

that (i) the action on the candy was
not specifically interdicted and (ii)
the explicit instructions dealing with
crackers were, in fact, carried out. The
trainer gave one more instruction,
“Sarah insert one candy dish.” At this
point Sarah took all the candy, and
the lesson was terminated. The first
five instructions, and even the next two
to some extent, point to the same con-
clusion: Sarah’s grasp of the quantifiers
was not limited by a syntactic factor;
she understood them in sentences of a
grammatical form different from those
used in training.

Logical Connective: If-then

With concepts such as same-different,
it is possible to perform a few simple
tests, before any language training is
started, to determine whether or not
the subject is capable of making the
perceptual- judgments upon which the
concept depends. Thus we either (i) find
knowledge to be present, (ii) attempt to
devise a means of instilling it if it is not,

or (iii) give up the idea of mapping it

with words. Unfortunately, this proce-
dure is based on the assumption that
one can both state and assess the per-
ceptual judgment underlying the lin-
guistic distinction. Consider if-then, the
conditional relation, as exemplified by
the simple instruction, “If Mary take
red then Sarah take green.” What tests
will reveal beforehand whether or not
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it is sensible to attempt to teach Sarah
to map the relation with words?

Failing to answer that question, we
applied a contingency training pro-
cedure to Sarah, We exposed her to
differential reinforcement, a standard
procedure for training animals, in which
the subject ‘is rewarded for doing one
thing but not for doing another. If a
subject cannot be influenced by such
experience, it seems unlikely that it
could be taught to recognize if-then
relations. On the other hand, the fact
that a subject’s behavior can be in-
fluenced by such procedures is no
guarantee that the subject can recog-
nize relations of this kind and learn
to label them as such (/6). We began
by allowing Sarah to choose freely be-
tween a piece of apple and a piece of
banana, simply to confirm that she
still had no particular preference. Next,
she was given a piece of chocolate
when she chose apple, but not when
she chose banana. She soon ceased to
choose banana, since it was not fol-
lowed by chocolate, which she pre-
ferred to both fruits.

The particular contingency used with
Sarah was carefully chosen—all of the
words used to describe it were familiar
to her, except those concerning the
conditional relation itself. For exam-
ple, the following sentences would ac-
curately describe the contingency train-
ing she received: (i) “If Sarah take
apple then Mary give Sarah chocolate”
and (ii) “If Sarah take banana then
Mary no give Sarah chocolate.” Notice
that “if” and “then” are the only un-
familiar words. In addition, the sen-
tences that are combined to form the
conditional sentences are familiar. Thus
we have progressed from same-different,
where the known terms were nonlin-
guistic items (actual cups and spoons);
through “name of,” where one of the
known terms was a word; to the present
point, where the known terms are sen-
tences. Sentences (i) and (ii) above
are, thus, strict training procedures in
that they require the introduction of
only one new term.

In English, the conditional relation
is marked by discontinuous constituents
(if-then). This poses an interesting
problem, but not one that we nezd
grapple with at this time. Therefore,
we marked the conditional with a sin-
gle particle, as in symbolic logic:
“Sarah take apple D Mary give Sarah
chocolate.” We began the language
training by giving Sarah the question,
“Sarah take apple ? Mary give Sarah

chocolate” (What is the relation be-
tween Sarah’s taking apple and Mary’s
giving chocolate?). She used her one
alternative, the conditional particle, to
displace the interrogative marker and
form the sentence, “Sarah take apple D
Mary give Sarah chocolate.” She was
then given a piece of apple, followed
by a piece of chocolate, both of which
she ate. Next she was given the ques-
tion, “Sarah take banana ? Mary no
give Sarah chocolate” (What is the re-
lation between Sarah’s taking banana
and Mary’s not giving chocolate?).
Again her only alternative was the con-
ditional particle, which she used to
form the sentence, “Sarah take banana
D Mary no give Sarah chocolate.”
This time she was given a piece of
banana (which she sometimes ate), but
it was not followed by a piece of
chocolate, We gave Sarah five trials
on each of the two questions. Then we
moved to a series of trials in which we
gave her one of two pairs of sentences:
(i) “Sarah take apple D Mary give
Sarah chocolate” and “Sarah take
banana D Mary no give Sarah choco-
late;” or (ii) “Sarah take apple D
Mary no give Sarah chocolate” and
“Sarah take banana O Mary give
Sarah chocolate.”

The first pair states that the choice
of apple, but not the choice of banana,
will lead to chocolate; in the second
pair, the statement is reversed. Pieces
of both banana and apple were set be-
fore her on each trial, and she was
considered to have responded correctly
whenever her choice of fruit led to her
being given chocolate. She made over
20 errors, accompanied by emotional
outbursts, based on the persistent
choice of apple. She then abandoned
this approach, only to alternate be-
tween the two fruits for about 14 trials.
Finally, she took into account the sen-
tences and consistently chose the fruit
that led to the chocolate.

Although it took Sarah longer to
learn the conditional relation than most
of the other concepts, once she had
learned it she gave her customary
performance on the transfer tests. Ex-
tensive changes were made in both the
antecedents and the consequents. She
was given such pairs of sentencss as
“Mary take red D Sarah take apple”
and “Mary take green D Sarah take
banana,” which required her to ob-
serve what object Mary chose, match
Mary’s action with the antecedent in
the appropriate sentence, and then
carry out the appropriate consequent.
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Sentences such as “Red is on green D
Sarah take apple” and “Green is on
rted D Sarah take banana” involved a
change of verb in the antecedent. She
responded at the same level, approxi-
mately 80 percent correct, on both the
transfer tests and the final training
tests. )

Perhaps the complexity of the con-
ditional relation was responsible for
her difficulty in understanding the re-
lation. Indeed, how shall we assess the
complexity of a concept except through
the subject’s performance in learning
it? But this assumes that the training
for all cases is equally effective, which
is doubtful. In the prelanguage phase,
we had taught her that the choice of
apple was always correct. This was a
serious error, for it probably gave her
little incentive to pay attention to the
instructions, except to consistently
choose apple. Training in the prelan-
guage phase should have included at
least two correct alternatives. She would
not then have entered the language
training phase with a fixed response dis-
position, but would have had to pay at-
tention to the instructions in order to
learn which of the two positive items
was correct on a given trial (77).

Conjunction: And

It proved possible to obtain an idea
of her capacity for understanding the
concept of conjunction in advance of
introducing a particle for “and.” In-
stead of trying to teach Sarah conjunc-
tion-like behavior in a prelanguage
phase, we set the stage in such a way
as to invite her to engage in such be-
havior on her own. She essentially took
the invitation.

Rather than giving her, in the pres-
ence of a single kind of fruit, a set of
words from which she could compose,
for example, the sentence, “Mary give
Sarah apple,” we gave her essentially
the same set of words, but in the pres-
ence of two, and later three, different
kinds of fruit. At first, she requested
each piece of fruit with a separate
sentence. After about eight such in-
vitations, she wrote, “Mary give Sarah
apple banana”; still later, “Mary give
Sarah apple banana orange,” naming
all three of the fruits before her. This
is already conjunction, it can be argued,
even though there is not a particle for
“and.” Her adding one word to an-
other eliminated the redundant ele-
ments that would have been present if
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the same request had been made with
separate sentences. The actual intro-
duction of “and” consisted simply of
making the particle available to her
and requiring her to use it (13).

Symbolization: When Is a Piece of

Plastic a Word?

When does a piece of plastic cease
to be a piece of plastic and become a
word? We might answer, When it is
used as a word: that is, when it oc-
curs along with other words of appro-
priate grammatical class in sentences
and when it occurs as the answer or
part of the answer to questions. For
example, we consider a small piece of
blue plastic to be the word for apple
because (i) it is used when, for exam-
ple, the subject requests apple and (ii)
it is used by the subject to answer,
“What is the name of apple?” We might
add that the piece of plastic is a word
when the properties -ascribed to it by
the subject are not those of the plastic
itself, but those of the object it desig-
nates.

We can determine whether this con-
dition obtains by using the matching-
to-sample procedures again—this time
to obtain independent analyses of the
features of both the word and its
referent. An analysis of the features
of the apple was made by giving Sarah
a series of trials. On each trial she
was given the apple and a pair of alter-
natives and was required to indicate
which of the alternatives she considered
to be more like the apple. The alterna-
tives were red versus green; round
versus square; square with stemlike
protuberance versus plain square; and
plain round versus square with pro-
tuberances (see Fig. 7). The alterna-
tives could be words or objects in-

stancing the properties named by the

words. That is, the subject could be
required to decide whether the apple
was more like the words “red” versus
“green” or more like a red patch
versus a green patch. Our use of the
latter approach was dictated by Sarah’s
limited vocabulary.

After obtaining a features analysis
of the apple, we repeated the test ex-
actly with the word ‘“apple” (a piece
of blue plastic). The subject assigned
the same properties to the plastic that
she had earlier assigned to the apple
(Fig. 7). The properties she assigned
to the word “apple” show that her
analysis of the word was based not on

the physical form of the blue piece of
plastic, but on the object that the
plastic represents.

Strictly speaking, we do not know
the necessary and sufficient conditions
for this effect, or even the specific
point in training when the effect first
becomes demonstrable. There are sev-
eral intermediate possibilities, but con-
sider the two major alternatives: (i)
in the course of acquiring language,
the organism learns how to symbolizc;
(ii) symbolization is an integral prop-
erty of perhaps all learning and makes
language possible. What form would
symbolization take in lower organisms
if the latter were true? A pigeon ex-
posed to the fact that a vertical line
preceded food A, and a horizontal line
food B, would ascribe to the vertical
line whatever features it ascribed to
food A, and to the horizontal line
whatever features it ascribed to food
B. A nonlaboratory example may make
the point still clearer. A dog noses a
leash in a hallway. Is a walk into the
house or out of it? into the fields or
into town? with birds or without? squir-
rel scent or not? and so forth. When
asked these questions of the walk, in
one case, and of the leash, in the other,
the dog’s answers should be the same.
We do not know if this is so, but can
find out simply by adapting the proce-
dures we used with the chimpanzee to
the other species.

Assumption (ii) above seems the
more reasonable, since it does not re-
quire the further assumption that it is
possible to teach an organism that
does not symbolize in the first place
to symbolize. Of course it may be
possibie, but I do not see how, any
more than I can see how to teach an
organism that docs not transfer to do
so. Symbolization and transfer both
lie at the heart of language learning. I
suspect they have in common the fact
that neither is instilled by the present
training procedures, but is a capacity
of the organism that is utilized by the
training.

Clever Gretel?

Was Sarah responding to the plastic
language or to nonlinguistic cues aris-
ing from the trainer’s face or body?
In principle, this could be tested by
eliminating the nonlinguistic cues.
Trainers could wear dark glasses, or,
after presenting Sarah with a question,
station themselves behind an opaque
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screen, or simply look away from her.
But these measures were practically
useless. When the trainer put several
questions on Sarah’s board and then
walked away, leaving her to answer
them, Sarah worked erratically or quit
altogether, in somewhat the way a con-
versationt falters when one person ceases
to pay attention to the other. Social
contact may be Sarah’s primary motiva-
tion. In any case, she did not work
under these circumstances.

It was necessary to approach the
problem of nonlinguistic cues from the
opposite direction. Rather than use a
trainer who was competent in the lan-
guage but who divested himself of
normal social behavior, we used a
trainer who engaged in normal social
behavior but who was not competent
in the language. Sarah was adapted to
a new trainer who had not been taught
the language. Then this “dumb” trainer
gave her a series of simple tests in-
volving familiar materials. (Familiar
materials were used since the question
was whether or not she could respond
to old words when the cues were
solely linguistic.) '

On the production side, she was re-
quired to request the object that was
present on a trial by writing the simple
sentence, “Give Sarah X,” where X
was either a nut, candy, or one of
three fruits. She was given a set of
eight words to choose from on these
trials: for example, “smoke, eat, give,
green, Sarah, Debbie, candy, banana.”
Also on the production side, she was
asked a series of wh questions such as
“red ? apple.” Her alternatives were
“color of, size, shape, name, if-then.”
The only irrelevant word was if-then;
all the other words were correct at
some time in some sentence.

On the comprehension side, she was
given the instruction, “Sarah take blue”
(or “yellow” or “green”) in the pres-
ence of one of the three colored cards.
She was also given simple conditional
instructions such as “Jon insert yellow
D Sarah take cracker.” (Jon, the
“dumb” trainer, was identified simply
by hanging his name around his neck,
which is how all personal names, in-
cluding Sarah’s, were taught in the be-
ginning.) Additional tests, all roughly
of this order of complexity, were in-
cluded in the battery.

The tests were conducted by coding
the words with numbers and using a
two-way communication system between
the “dumb” trainer inside the test area,
and a second trainer outside. On a

21 MAY 1971

representative production trial, the
“dumb” trainer consulted his code
sheet (which consisted of a parallel list
of numbers and colored pictures of the
words), gave Sarah the words called
for, and then placed before ‘her the
piece of fruit indicated on the trial.
After she had arranged her choice of
words in a column on the board, he
translated her sentence into a sequence
of numbers that he read over the micro-
phone to the trainer outside. Depend-
ing on whether or not the spoken
sequence agreed with the one on the
outside trainer’s list, the inside trainer
heard “yes” or “no” through his head-
phones, and then either did or did not
give Sarah the piece of fruit, along
with a bit of praise. '

On the first and second production
tests described above, Sarah made 6
errors on the first 20 trials and 3
errors on the first 10 trials, respectively.
Although this was below her usual per-
formance level, especially for such sim-
ple materials, it was well above chance.
(She performed at the 70 percent level
on both exercises; chance would be
approximately 13 percent and 20 per-
cent, respectively, if order were not
considered, and still less if it were.)
On the first and second comprehension
tests described above, she made 4
errors on the first 15 trials and 3
errors on the first 10 trials, respec-
tively. Again, the performance level
was above chance, but below her usual
level (18).

More surprising than the decrement
in her accuracy was a deterioration in
the form of her behavior, The most
striking aspect of this deterioration
was a regression to an earlier form of
sentence production that was once her
dominant form. Early in training she
had not produced sentences in their
final order: she put correct words on
the board in incorrect orders and then
made one or two changes before set-
tling on a final order. Although she
had abandoned this mode of sentence
production at least 10 months earlier,
she reverted to it with the “dumb”
trainer, In addition, the verticality of
her sentences suffered. Ordinarily,
words were placed more or less below
one another, but with the “dumb”
trainer she failed to maintain this order-
liness. The sprawling sentence was an-
other characteristic of her early be-
havior.

Changes of this kind are often
ascribed . to emotional factors, This is
a possibility, even though she was

adapted to the new trainer, for the
conditions of adaptation differed from
those of testing. In addition, she was
cut off from her usual trainers. What-
ever the proper interpretation of these
morphological changes, they accompa-
nied a performance level which, though
poorer than usual, was nonetheless sub-
stantially above chance. Sarah “talked”
to a trainer who did not know the lan-
guage. She was less accurate in “talk-
ing” with him than with trainers who
knew the language, but accurate enough
to infirm the hypothesis that her per-
formance was based mainly on non-
linguistic cues.

Training Procedure

The basic operation in the training
procedure was one-to-one substitution.
Each new word or particle was intro-
duced at a marked location as the only
unknown in a string of known ele-
ments. At oné extreme, the known ele-
ments were actual objects, as when
same-different was taught; and at the
other extreme, sentences, as when if-
then was taught. All the strings pro-
duced by the act of completion nat-
urally were admissible strings in the
language:

One-to-one substitution may be the
simplest of all training procedures.

" ' When the subject’s task is that of com-

pleting an admissible string, one-to-one
substitution eliminates all of the fol-
lowing possible sources of difficulty:
(i) which words to use and how many,
(ii) where to put the words in the
string, and (iii) which operations to
use—simply addition, or rearrangement
and deletion as well. The other opera-
tions——rearrangement, many-to-one sub-
stitution, deletion, and so forth—will

occur in the broader use of the lan-

guage, They may either be taught as
such or, as was more nearly the case
with Sarah, observed to occur spon-
taneously (79), but they do not seem
appropriate to the initial training. There
we want the fewest possible operations
that are compatible with learning. What
constitutes optimal training procedures?
Strictly speaking, we do not know, but
must find out. Without this informa-
tion, failure can only be ambiguous.
It could indicate an incapacity of the
species, or merely that the training
was improper. Only when we know
what constitutes proper training can we
be certain who failed—teacher or “pu-
pil.”
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. Although we have taught Sarah both ‘“‘and”

of an already named object: for example,

“Give red apple.”

. The negative of a concept was formed by

appending the negative particle to the name of
the concept. This was so until relatively late
in the project, when we discarded the com-
posite form. But even during early stages of
the project, the composite form was only a
training device. Once Sarah had passed the
transfer test, the negative particle was de-
tached from the name and she was required
to negaie the concept herself, For example,
when she was asked during training, “red
? banana,”” she was given the single particle
“not color of.” But when she was asked
the same question after having passed the
transfer test, she was given the separatc
particles “not” and “color of” and was re-
quired to choose between them or to use
both. If she used both, then she had to use
them in the proper order. In brief, the ap-
pended negative was a training device, dis-
carded during early stages once the transfer
test had been passed, and eliminated altogeth-
er in later stages of the project.

. A control is lacking in the present test. It

is not sufficient that only one of the four
disks be brown: at least some of the other
disks must have additional properties that are
equally characteristic of chocolate. Suppose
that in Sarah’s experience chocolate was not
only always brown, but always triangular. In
this case, one of the disks should be tri-
angular. When given the instruction, “Take
brown,” her taking the brown rather than the
triangular disk would show that she was
respending  specifically to the color brown.
This is but one of several controls which
hindsight has recognized the need for, but
which the now uncooperative, sexually ma-
ture subject has made it difficult to apply.
The order of the elements in the sentence
and the order of the things referred to by the
sentence are the same in the case of “on”
—a consequence of the vertical sentence.
“in

However, -Sarah has since been taught
frent of” by the same procedure used to
teach “‘on,” showing that her use of word

order does not depend on an isomorphism of
this kind.

and “if-then” and are training her in “or”
(A or B, but not both), we have not yet
been able to complete tests that would
specifically require her to contrast these
particles. Untii we do, we cannot know
what the connectives really mean to her.
The tests themselves are not difficult to ar-
range, but inducing her to take them is an-
other matter. Performing correctly on the
following set of instructions would indicate
an ability to distinguish one connective from
another. “Sarah take: A and B, B and A,
A or B, B or A, if A then B, if B
then A.” Notice that, for the test to dis-
criminate between the conjunction and the
cenditional, Sarah must not impose an order
rule of her own. She must respond in the
same way to “A and B” as she does to
“B and A.”

At this stage, Sarah did not ask questions,
she only answered them, Moreover, her
answers did not consist of sentences com-
posed from scratch. Rather, she inserted into
the trainer’s questions words which, when ap-
propriate, transformed an interrogative sen-
tence into either a declarative or an impera-
tive one. The trainer’s questions were Kept on
the board before Sarah, not to avoid possible
memory problems, but to allow her to an-
swer in this extremely simple form. However,
in introducing the question in this way, we
neither limit answers to one word, nor rule
out answers consisting of sentences composed
from scratch. In principle, we can attain sen-
tences composed from scratch in three steps:
(i) Teach the subject not to answer the train-
er’s question, but to copy it and then to
insert her answer into the copy; (ii) Take
interrogative markers away from the subject
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. Several researchers have used a so-called con-

17.
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20.

so that her copy will be blank where the
trainer’s question has an interrogative marker,
and require her to insert her answer into the
blank; and (iii) Erase the trainer’s question
before allowing the subject to answer.

The assumption that Sarah pluralizes when
there are two or more items in the subject
suggests an important test we have yet to
make. This assumption leads us to predict
that she will write, ‘““Apple, banana is pl fruit”

as well as “Red, yellow is pl color,” but
that she will not write, “Red apple is pl
round,” for, although “red apple” is two

it does not refer to two items.

ditional discrimination problem, in which the
subject is required to respond differcntially,
depending on, typically, a contextual cue.
Bcth chimps and monkeys have solved such
problems [H. W. Nissen, J. Psychol. 36, 271
(1953); H. F. Harlow, Psychol. Rev. 56, 51
(1949); A. J. Riopelle and E. L. Copeland,
J. Exp. Psychol. 48, 143 (1954)]. Although
this type of problem can be made very com-
plex, it seems doubtful that it is any more
appropriately described in terms of the con-
ditional relation than is simple reward and
punishment. And simple reward and punish-
ment are effective in modifying the behavior
of nonprimates. The question of interest is
this: If an organism can be modified by a
procedure that is reasonably described in
terms of the conditional relation, does it fol-
low that the organism can be taught to label

the relation? An affirmative answer would
make rats and pigeons eligible for such
learning; a negative answer would require

an account of what must be present, in addi-
tion to simple modifiability, to make such
learning possible.

The conclusion that the procedure was im-
preper need not have been reached in hind-
sight. The standard training program con-
sists of two positive and two negative in-
stances of the concept, followed by choice
trials in which the original material is re-
peated in the presence of both alternatives—
words in production trials and nonlinguistic
items in comprehension trials. The actual
training did not conform to this format: there
were neither two positive nor two negative
instances. We are attempting to devise a
standard training procedure that, whether it
is necessary or not, will be sufficient to teach
occasionally

most language exemplars. But
we stray from our own program. It is em-
barrassing, on the one hand, to discover

that we have strayed; but it is often comfort-
ing on the other, for-the deviations are typi-
cally accompanied by poor learning perform-
ances.

At the end of the test series, the ‘“dumb”
trainer was tested for language comprehen-
sion. Although he was ignorant to begin with,
he was exposed during testing to conditions
that made learning possible. The tests showed
that, although he learned certain things cor-
rectly, he also mislearned many other things,
and that, on balance, his knowledge could
not account for Sarah’s performance. First,
the data reported here came from the first
session of each kind, when the ftrainer was
least likely to have learned anything., Sec-
ond, there was no conformity between Sarah’s
errors and those of the trainer. Most of the
trainer’s errors were systematic—words that
he had mislearned, whereas none of Sarah’s
errors were of this kind.
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