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More likely, his plight is
that he must make sense of what happens to come along, to find the |
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what neural conditions lead to the inference of aphasia with maximum
certainty.

If the experimentalist were engaged in such a pursuit and could
find laboratory animals capable of speech and on whom surgery
might be performed, then he would be in a position to act much as
our subjects of the last chapter. This would take the form of
systematically removing areas of the brain in certain combinatorial
orders until the answer was forthcoming, But the clinician has to
take his cases as they come. He must employ a reception strategy.

Let us begin at the beginning of modern neurology by taking Paul
Broca as our subject: a gifted neurologist of the mid-19th century.”
He has a chance to carry out an autopsy on an aphasic patient. He
finds massive damage in that portion of the brain at the base of the
third frontal convolution (since named, in his honor, Broeca’s area),
L “the speech center.” But this describes only part of the properties
- of the “instance.” For Broca’s exact description of the patient’s lesion
§ - shows a softening of the brain in the left hemisphere all the way from
j the frontal lobe dorsally to the parieto-occipital junction, extending
E  downward as far as the superior portion of the temporal lobe. One
j can sum this up more simply by saying that there is much more
- destroyed than Broca’s area alone. It is at this point that Broca is
E able to exercise his major freedom: the freedom to formulate an
p hypothesis. He could attribute the aphasia to all of the destroyed
 areas or to any part thereof. He takes his option and proposes that
| aphasia is caused by damage to a speech center: the famous “Broca
 area.” Perhaps there is reason in the fact that this is the area of
- most oosowsqm:mm degeneration. Nonetheless, the die is cast. The
t neural defining attribute of aphasia is this particular “speech center.”

At the other extreme we have Flourens, who adopts another option.

b No specific lesion is taken as a defining atiribute of aphasia. If the

b aphasic’s brain shows specific damage, it is the interaction of the
b damaged areas and the intact areas together that create the final

£ common path of aphasia.

i What is of great interest about these two innovators is that each has
a line of descendants, call them the localists and the totalists. The

| former seek always a specific area where possible: some set of limited
defining attributes, adding new attributes only when forced by the

;. °In the interest of exposition, we shall take certain liberties with the history
fof this complex field. If the reader finds that our historical license leads us to
ver-exaggeration, he will, we hope, forgive us and treat our examples as fictional
Erather than real figures.
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burden of much evidence. The list of localists, ummE.HF.m o<mum=.=w.r-
fication in its compiling, H.b.oHcmmm such names as Fritsch, Hitzig,
E».EQE. Flechsig, and Adrian. The totalists have ,.awnﬁmm :.v m.nm% MG
close as possible to the whole cortex as an explanation, mwm it choﬂ y
with the greatest reluctance that they will subtract any of its attribu Mm
as irrelevant. Here too we find a distinguished rm.ﬁ Oo:.Nv Zws ,
Hughlings Jackson, Head, Goldstein, Lashley. The Eﬁmmwmcdmw t Hmm
. about each group is not only that they wﬁmswﬂ to procee %m ey

* but that they urge the absurdity of proceeding in any otl m-. way. ,

In point of fact, one could begin either way—adopting .o_ﬂ, er a me
or a whole hypothesis—and arrive at the same conclusion provide
one did not become rigidified before the process of wu..oOm was com-
pleted. Here we must leave real neurology, for ?o.uw.._om are too
tangled. But if one works with the E:m, of mavmﬁmﬁﬁmcou EM& in
the last chapter, it is possible that, when one encounters an ap mmWo,
one may base an hypothesis on the state of all areas or upon aw.o
state of one particular area. What is even more important than the
starting hypothesis is what one does with it when one msoo:ﬂmaw
new instances that differ from it. For an rv%o.mﬁm_m is not a fina
declaration so much as it is something to be tried out mn.m m_.ﬁmno%.
We shall be considering in this chapter the manner in which, in t M
kinds of problems we have been discussing, rv%o?mmmm.‘mno change
to conform to the arbitrary stream of events to which they are
mxmﬁw nw.nmn and obvious thing about an hypothesis is that it can #m<.¢
any one of four fates when exposed to a new event to which #& is
relevant. Let us bring Paul Broca back on the scene. He has M
clared his hypothesis on the relevance of the mw.omow center. mmom
new patient he sees can have his speech center intact or mmomnnﬂ%m..
Again, each patient he sees must either rmﬁ the symptoms of aphasia
or not have them. Broca’s world, then, is made up of four con-

tingencies.

Speech Ares Symptomatology
1. Destroyed >vvu_mwm
2.  Intact Aphasia .
3. Intact No wvgmmm
4. Destroyed No aphasia ,

It is apparent that two of the contingencies confirm, or at least fail to
infirm, Broca’s hypothesis. A patient with the speech center destroy-
ed and the symptoms of aphasia confirms it. One with the center
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intact and without aphasia at least fails to infirm his hypothesis.

Two of the outcomes are damaging to Broca’s hypothesis. A patient
with speech center intact and aphasia is as infirming as one whose

speech center is destroyed but who shows no sign of aphasia. Let

us adopt the language of medicine, for the moment, and speak of any

case as positive which shows the signs of illness we are investigating; -
its absence negative. Whether it is positive or negative, a case can-
confirm or infirm the hypothesis in force. In this fashion of speaking,

then, the four contingencies that Broca can meet are: :

1. Positive confirming: Aphasic with speech center destroyed.

2. Positive infirming: Aphasic with speech center intact.

3. Negative confirming: Nonaphasic with speech center intact,
4. Negative infirming; Nonaphasic with speech center destroyed,

A good reception strategy consists in being able to alter hypotheses
appropriately in the face of each of these contingencies. At an even
more primitive level, obviously, it consists in being able to recognize
their existence and to formulate hypotheses in such a way that,
whatever the contingency met, one will know how and whether to
change one’s hypothesis. .

" A PARADIGM AND TWO STRATEGIES

Three things are required to reproduce in the laboratory a task
comparable to the examples we have given. First, one must construct
an array of instances that are alike in some respects and different in
others, so that there are multiple ways in which the instances in the
array may be grouped. Second, instances must be encountered by
the person in an order over which he has no control. Third, the
subject must know whether each instance is positive or negative in
the sense of exemplifying or not exemplifying a concept. Fourth,
the subject must be given freedom to formulate and reformulate
hypotheses on each encounter with an instance, Given these reg-
uisites, a task is easily set. A grouping or a concept to be attained
is chosen, and the subject is shown in succession exemplars and
nonexemplars of this concept. His objective is to formulate an hy-
pothesis that will distinguish an exemplar from a nonexemplar among
the instances he encounters.

We begin with instances such as those illustrated in Figure 1, com-
posed of the combinations of three values of each of four attributes—
cards each showing four properties, such as “two red squares and
three borders” or “one black cross and two borders.” We decide upon




130 S A Study of Thinking’

a “concept:” say “all black figures.” We present one instance at a
time to the subject, telling him whether or not it exemplifies the
concept, whether it is positive or negative. After each card, the

subject is asked to indicate his best hypothesis concerning the nature
Thus, following the presentation of any %

of the correct concept.
given card, he offers an hypothesis. The experimenter makes 1o
comment. The next card the subject encounters must perforce
represent one of the four possible contingencies. It may be positive -
or it may be negative. Whether it is one or the other, it also has the
property that it confirms or infirms the subject’s previously held
hypothesis about the nature of the correct concept.

Before examining the behavior of subjects dealing with such
problems, it is perhaps well to consider the ideal strategies that are
applicable.  Logically, they are identical to the strategies discussed
in the last chapter. First, there is a focussing strategy which, as

 before, is useful both for maximizing information yield and for re-
ducing the strain on inference and memory. The. surprisingly simple

rules for the alteration of hypotheses with this strategy are best

presented with the aid of an illustration. : )

The clinician begins, let us say, with an aphasic showing a badly- |
damaged brain—Areas I to VI destroyed. He takes as his first hy- :
pothesis that destruction in all $ix areas must be responsible for -
aphasia. If he should encounter 2 positive-confirming instance (an- -}
‘other aphasic with like destruction), he maintains the hypothesis in |
force. If he should meet a negative-confirming instance (a non- 4§
aphasic with some or all of the areas intact), he still maintains his 3
hypothesis. The only time he changes is when he meets 2 positive-
infirming instance. An example of one such would be an aphasic
with Areas I to III intact, and Areas IV to VI destroyed. Under 3
these circumstances, he alters his hypothesis by taking the intersect E
between his old hypothesis and the new instance: those features -
common to the two. The features common to the old hypothesis
and the new positive instance can be readily seen:

0Md hypothesis: Areas I, 1L, IIL, IV, V, VI destroyed produce aphasic. -
New positive instance: Aphasic with Areas I, IT, TII, intact; IV, V, VI
. destroyed. .

3

Thus the clinician chooses as his new hypothesis: “Areas 1V, V, and 3
VI destroyed produce aphasia.” . .3
Now consider the rules in their barest form. The first one is o

central importance. Take the first positive instance and make it in

£ toto one’s initial hypothesis. From here on, the rules can be simply
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described. They are:

Positive Instance Negative Instance

Confirming. gm._aemmu the hypothesis now | Maintain the hypothesis now
in force in force
Infirming Take as the next hypothesis | Impossible unless one . has

what the old hypothesis
and the present instance
have in common

misreckoned.* If one has
misreckoned, correct from
memory of past instances
and present hypothesis

By following this procedure, the subject will arrive at the oo,ﬂmﬁ
concept on the basis of a minimum number of events encountered.
The strategy has only two rules in addition to the initial rule that one

begin with a positive instance. in toto as one’s hypothesis. These two
rules are:

1. A.uocmﬁm_. .ccwmn is common to your hypothesis and.any positive-
infirming instance you may encounter.
2. Ignore everything else.

= It is apparent, of course, that focussing in the present case is analo-
§. gous to the focussing strategy undei conditions where the subject
chooses the order of the instances that he will consider. In both types
1 of HSZ@SP the first positive card encountered is used in toto as a- -
£ guide, in the reception case as the basis for-all subsequent hypotheses
»nm. in the selection case as the point of departure for all mcvmmmcmum
or.Qomm of instances whose positive or negative character will system-
[ atically delimit the concept. In focussing where one chooses in-
,,.. ,.mnmuomwmv the problem-solver tests attribute values of the focus card one _
at a time as a means of seeing which features of the initial focus card
k- are relevant to the concept. In the reception case, one embodies this
focus card in one’s initial hypothesis and then evaluates its attribute
values in the light of subsequent instances encountered.
: In the interest of brief nomenclature, we shall refer to the ideal
. strategy just described as the wholist strategy since it comsists in the
- adoption of a first hypothesis that is based on the whole instance
, Emm:% encountered, followed by an adherence .to the rules of focus-
- sing just described. From time to time, we shall also use the expres-
+sion focussing to describe the strategy. P

 *For a fuller exposition of this point, see. pages: 149-150.
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Broca or a Flourens from problem to problem and from contingency .

to contingency.
2. The second is to examine change in performance over a long
series of problems varying in the cognitive strain they impose.

3. Finally, we wish to raise some questions about the effectiveness .

of the:two strategies under varying work conditions. *We _Soﬁ for
example, that scanning is more dependent upon memory and inference
that is focussing. What difference does this make for success and
failure in attaining concepts?

AN.EXPERIMENTAL DESIGN

Our experimental operations can be sketched rapidly so that the
present design may be contrasted with some of the classical studies.
At the outset the nature of the task is fully described for the subject.
As noted earlier,.an array of instances is constructed. The subject is
presented instances from this array one at a time, and each is desig-
nated as either positive or negative. The first instance presented is
always positive. The subject is asked after each instance to state his
hypothesis concerning the correct concept: what it is that the first
positive card exemplifies. Instances are presented until the subject
has had at least as many instances as would be required logically to
eliminate all hypotheses save the correct one. At no time does he
have more than one instance before him, and should he ask about
instances previously encountered, the experimenter demurs. No such
aids as paper and pencil are permitted him.. Moreover, it is explained
at the outset just what it is about the instances that need be con-
sidered: the shape of the figure they ‘contain, the color of these figures,
their number, ete.®

For the reader not well acquainted with the literature on concept
attainment, we-should like to point out here several crucial differences
between the conduct of this experiment and of classical experiments
in this field which have also used arbitrary sequences. First no effort
was made to.conceal the nature of the subject’s task. He knew that
his job was to find out the “correct concept.” He knew what a con-
cept was: a grouping of instances in terms of common properties. - He
knew what properties of instances were worth considering And he
knew, finally, that what he was seeking was a conjunctive concept, and
that only one concept was to be attained in each problem.

* We are particularly indebted to Mis. Mary Crawford Potter for aid in design-
ing and executing this experiment as well as devising techniques of analysis
for it. ,
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In ~rmmm\umm@mo~m, the procedure differed from the procedure orig-
inally introduced by Hull (1920). In the Hull procedure, the sub-
ject was not told what his task was. Rather the task was presented
as a study in rote learning. The subject had the task of learning to
associate names or nonsense syllables with instances that were pre-
sented to him. There might, for example, be five different concepts,
illustrated by an array of instances; and the subject’s task was to
“learn” that particular cards were labeled “DAX,” others “CIV,” etc.
If he did not figure it out for himself, he might never realize that
“DAX” cards. were so labelled because they shared certain common
attribute values. The test of whether the subject had attained the
concept was, at least in Hull’s study, whether the nonsense syllables
could be applied to a series of new cards that illustrated the various
concepts but which had not been presented before. In sum, inci-
dental concept attainment was being studied. William James urged
that the psychology of religion begin with the investigation of “the
most religious man in his most religious moment.” We wanted at the
outset to see concept attainment at its best.

There is one other crucial difference between our procedure here
and earlier ones, a difference whose importance has already been
lucidly remarked upon by Hovland (1952). In studies inspired by
Hull's procedure, it was not made clear to the subjects what it was
about the instances presented to them that might be relevant. The
different attributes and their values were, in short, left uncontrolled.

. Thus, Hull used a set of pseudo-Chinese characters, a particular radi-

cal of which was the defining attribute of the correct concept. It is
apparent that the number of attributes a subject might consider as
possibly relevant are close to limitless: any component stroke, angu-
larity, or curvedness of components, thickness of strokes, crowdedness
of strokes, number of right angles, number of strokes, number of dis-
connected lines, width, length, and: symmetry of characters, predomi-
nance of vertical or horizontal strokes, “movement” or “stillness” of the
arrangement of strokes. . X

So long as the experimenter does not know to which and to how
many component attributes the subject is attending, it is impossible
to control or understand the amount of information being presented
to the subject by any one instance or combination of instances. One
cannot know when the subject has had an informationally adequate
‘series of msmﬂmsoamlmmmmzmﬂm to eliminate all but one, the correct con-
cept. Nor is it possible to study the effect of the number of defining
attributes in the concept as compared to the number of noisy irrelevant
attributes. To be-sure, the use of such characters in concept-attain-







