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|  LEARNING AND MEMORIZATION OF CLASSIFICATIONS!

ROGER N, SHEPARD

{ Bell Telephane

CARL

pe present study explores some of the
Tl’:m1c1|‘:~' that determine how difficult a
dassification will be to learn or remember.
By a “classification™ we mean, here, simply
agrouping of a given set of stimuli into two
Af moTe rlmlu.l]]jIr exclusive and exhaustive
casses. The |n::.‘1|'1!5|:‘.g' or memorization of a
glssification can be reparded as a process of
psociatings, to each stimulus, a certain re-
sponse, This respornse m ight be the wverbal
[aihel arbitrarily assigned to the class contain
iy that stimulus, or it might be the act of
srting that stimulus into the bin arbitrarily
]w].-_'l ] tir The essential feature
i a clossifieation task, however, is that the
ame response 15 assigned to several differ-
me stimuli, Accordingly, we reserve the
lernt wefenti fication fask For cases in which a
Hifferent response i= paired with each stim-
aus, In either caze, the word “memoriza
o™ 15 1ntended, here, to refer

|
|
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ditions in which the materials to be learned
are presented only once prior to the test for
retention.,

Learning by Concept and Learning by Rote

In general, since the stimuli that are clagsi-
fied together need not be discriminated from
:ach other, less information about a stimulus
18 required to classify it than to identify it
Therefore we might expect that classifica
tions would be more easily learned and re-
membered than identifications. For example,
if we have four horses and four dogs, we
should certainly find it easier to remember
one name for the horses and one for the
dogs than to remember a different name for
each of the eight individual animals. One is
templed to say that the difference, here, is
between learning by concept and learning by
rote. Horses presumably have something in
common (not shared by the dogs) such that,
after one name has been learned for three
horses, the extension of this same name to
the fourth horse requires little if any further
learning, In the case of identification learn-
ing no such saving is possible. After a dif
ferent name has been learned for each of
three horses, the association of the fourth
name to the fourth horse must sHll be
formed de nowve, i.e, by rote, i

Unfortunately there are certain drawhacks
te the use of a comparison between identi-
fication learning and classification learning
for the purpose of clari

ving the relation
between rote and concept lear ning,
Ericker

Fieat, as
(19331 has pointed out, the reduc
fion in the number
the conversion o

of responses entailed by
e tdentification taslk




a classification task also results in a change
in the chance level of performance. Tor
instance, with eight stimuli (as in our ex
ample), subjects (&s) who responded com-
pletely at random would on the average
select the correct classifying response {out
of the two alternatives) one-half of the time,
but they would select the correct 1(1{|11|fﬁ,1n"
response (out of the eight alternatives) only
one-eighth of the time, Of course one could
correct the obtained error scores for this dif-
ference in chance level or else use a different
measure (such as trials to criterion) for
which the difference in chance level might
not be as preat. But, even if we were o
substantiate in this way that classifications
are easier than identifications, we should still
have to sort out the contributions of two
different factors, For the reduction that
would presumably be found in the difficulty
oi classification learning could be a conse-
fquence of (a} the fact that the stimuli that
are classified topether have some praperty in
common with which the classificatory re-
sponse can be associated (without distin-
gnishing each stimulus from every other},
or it could be a consequence of (%) the re-
duction simply in the wumber of responszes
that must be “leept in mind.” Factor a seems
central to concept learming, but & is pre-
sumably more akin to the length-of-list
factor investigated in studies ol rote leam-
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ing,

Actually, the difliculty of =
task can be changed radically without alter-
ing the set of stimuli or responses in any
way but, rather, simply by modifying the as-
sienment between them, Surely we should
have more difficulty in learning one name
for two of the horses and two of the dogs
and the other name for the remaining two
horses and dogs than (as in the example con-
5-'1-:|L'1L|] above) in Tearning one name for the
horses and the other for the dogs, The cross-
clagsification  evidently entails =&
larger component of rote learning and,
might, indeed, be comparable in difficulty to
a separate identifying response for
each animal. Moreover the difference in diffi-
eulty of two such classifications could not be
attributed either to changes in length of list
ar in chance expectation. Clearly, then, the

classification

species

learning

extent to which the potential reduction

difficulty from identification to classificats, “r
learning is realized depends upon how the
stimuli are grouped together in their assimy,
ment to the responses. In particular, clyg;
fication learning (with a fixed set of stiy
and rnﬁbﬂ]hﬂw} has been conclusively demp.

strated to proceed more rapidly when ﬂ-,..al
1'{}.5[IU115E5 are assigned on the basis of Ciln': I

a completely  arbitrary  manner {F rencl
1953; Smith, 1954). And the same kind of
result is found whether the stimuli ar e ol
letter sequences (French, 1951, [JJ"I,',||||
cards (Rogers, 1952), irrepular closaf
curves (French, 1953}, or other geometrizy |
hgures [Metzger, 1938; Smith,
Waolfle, 1932). Meteger and Smith distiy |
guish the two contrasting conditions of clag |
sification learning as “systematic” or “strye |
tured” concept tasks, on the one hand, s |
“random" concept tasks on the other. How |
ever, since the word “concept” seems to
to 1mply “systematic” or “structured,”
prefer the somewhat more neutral wn.—l‘
“classification” when conditions are includy
in which the stimuli are grouped by fiat. Iy [
any case, 1f the rote component of a class
fication task can be substaniially v.h.'-.ngud
simply by regrouping the stimuli in ther -
assignment to the responses, undes |
standing of the relation between rote andl
concept learning might be gained by exanmin: |
ing the performance of 53 when the samg
set of stimuli is classified in different wayiy

SO0e

Characterizotion of Classifications in Term
of the Dimensions and Values of the Stimds

[n order to simplify the task of describing
and controlling the properties of the stinuli!
we have confined our investigation o stimul
constructed by selecting one of two possible:
values on each of three different dimensions
For example, the dimensions might he siz
color, and shape and the values on thes
might be large or small, black or white, aod
square or triangular. We then met the 208
2 ¥ 2 ar eight peometrical figures shown :.n|
the box labeled T in Figure I. These eigh
stimuli can then be classified in a very larg

number of wavs, However, in order
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AN
A
&
iy

the same
il (Within cach box the four
gamuli on the feit belong in one o
simule on the rizht in the other clz

Fiz, 1. &Six different classifcations of

2g and the four

B

ppuate the informational content of the dif-
ferent classifications (Hovland, 1%52%, we
gse omly dichotomous classifications in which
four of the eight stimuli are assigned fo
pne response and the remaining four stimuli
tn the other.® The number of different clas
sifications of this kind is given by the num-
ler of combinations of [our things talen
from eight: namely, 8174 11" or 70,

Six of these 70 possible classaifications of
the same eight stimuli are illustrated in the
six boxes in Figure 1.
response, say the letter A, might be assigned
i the four stimuli on the left and another
esponse, say B, to the four stimuli on the
nght, Tn Box I, then, the necessary and
sfficient condition for the correct applica
tion of Response A is simply that the stim-
The dimensions of size and

[11 each case one

nus be ok,

FThe mvestig

in which stimuli taking on one of two valnes
m oeach of a small nomber of dimensions are di
wpe) was probab e

Eelfgeint

judging by the number of independent
il alten snpublished) stndies of soch classifica-
» brotght Lo our attention afler con
|i||j; 1The= -'t|:1"~'i"|1|:-|'.h-i Tl"|'|r'|1'|-:'-| here, Olur own
raticar of
W, 1 et

18 that w

il possible class ions of this kind e
mt of discussions with Alex Bavelas who was at
time z member of the technical staff of the

shape arve irrelevant for this classification,
Another classification of these same stimuli
that would presumably be somewhat more
difficult to learn and remember is illustrated
in Box IT. Here the necessary and sufficient
condition for Response A is that the stim
ulus be cither black and triangular or else
wehite and squere. In this classification only
the dimension of size is irrelevant, The
Clazsifications ITT, IV, and V will he dis-
cussed later. The classification in Box V L,
however, represents extreme ecase and
should therefore be considered now. The
necessary and sufficient condition for Re-
sponse A n this classification is that the
stimulus be either triongular, and large and
Black, or small ond white; else square,
and large and zohite, or small and black.
lere, none of the three dimensions is irrele-
vant, If the dificulty of learning has anv
relation to the length of these rules, we
should be able to demonstrate at least three
levels of difficulty merely by changing the
way in which these eight stimuli are classi-
fied. Moreover, whereas the eclassification
shown in Box T is a kind that has often been
used to study the acquisition of coneepts, the
classification illustrated in Box VI might ap-
woach in difficulty a rote identification task
n which a different response must be assa-

el

or

i
ciated with each of the eight stimuli. ([t
might be noted that, if the rule miven for
this classification in terms of the logical con-
nectives of conjunction and disjunction is
expanded, it s seen to be logically equivalent
to a complete enumeration of the {four
stimull to which Hesponse A has been as-
sigmed. )

Six ]

sic Types of Class

Fortunately not all 70 of the possible clas-
sifications need to be examined separately;
for they belong to only six basic types. And

1 to the same type
For example, a

sification that depends upon the value of

any classifications belongi

are essential

v equivalent.

only one dimension can be regarded as the
eneral type of classification whether
the eritical dimension is that of color (as in

AR [

Box 13 or that of size or shape. Lilewise
the decision as to which of the two classes
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Y
g

—

£

shall be assigned Response A and which
Response B seems insignificant. Generally,
then, we are led to say that two different
classifications are of the same fype if and
only if one can be obtained from the other
simply by interchanging the roles of the
three dimensions or by reversing the two
responses. In this way the 70 different clas-
sifications can be reduced to just six struc-
turally distinct types, Each of the classifica-
tions shown in Figure 1 is an example of a
different one of these six types. Accord-
ingly, we shall henceforth refer to the cor-
responding types by the roman numerals [

VI, A detailed demonstration that there are
just these six types will not be given here;
it can be found in works on Boolean algebra
and the theory of switching circuits (e.g.,
Higonnet & Grea, 1958, pp. 188194,

In the experiments to be deseribed many
different kinds of stimuli were used, but
{with one exception) all can be character-
ized in terms of three dimensions with two
possible values on each. Hence we need a
way of abstractly representing the eight
stimuli and their six types of classifications
without repard for the particular way In
which the dimensions and values of the stim-
uli are realized, physically, in any particular
experiment. A useful way of doing this is to
set up a correspondence between the eight
stimuli and the eight corners of a cube so

COLOR

SHAPE

S"Ir‘?f -

Fra 2. An abstract representation of the eight
stimuizii as the eight corners of a cube

R N. SHEPARD, C. . HOVLAND, anp H. M. JENKINS

The six basic fypes of dassification ry
abstractly by coloring four corners of l|¢
o bln I and the remaining four white,

that the three dimensions of the cube 1"'.2]‘:_‘-5;..

sent the three dimensions of the stimyls

Such a correspondence is illustrated, for thy
stimuli of Figure 1, in Figure 2. As can i
seen, the four stimuli having any one proj
erly 1L COTmon {I oy '||<|‘-111"' Lh{‘ same ‘nlllm
on one dimension) all fall on one face §
the cube. Furthermore, stimuli having lum

properties in common are separated by |

single edge, stimuli having one property’ i
common are separated by two edges {ory
face diagonal), and stimuli having no prop
erties in common are separated by thre
edgzes {or a body diagonal).

Any of the 70 possible classifications of

the stimuli into two equal subclasses can|

then be indicated by coloring four of th
eight corners biack and the remaining four
corners white, The abstract representations
for the six classifications illustrated in Fig
ure 1 are shown in this way in igure @
Any of the other classifications can be oh
tained from one of these six simply by roto
tions and reflections of the cube. On the

nther hand, ne two of these six can be ole

tained from each other by any combinations
of rotations and reflections.

The types of classifications differ in ﬂm'i,l

in order to classify the stimuli correctly, they
reqitire knowledge of the values on only om
dimenston, for Type I; two dimensions, for
Type 1T; or all three dimensions, for Type
ITTI-V1. Although these last {our types as
alike i that all three dimensions are rel@
vant, they c1‘.I]LtL' structurally in certain wag
to be considered later,

The three ensuing sections describe in dg

tail three experiments desipned, first of all
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|

|y compare the six basic types of classifica-
*jons with respect to how difficult each type
[ o learn or remember. In Experiment T
e stimuli are presented successively ac-
|yrding to the usual paired-associate proce-
' Lum {except, of course, that there are 011]:_;
7o responses ). The measure of dtl‘T?:‘.nlI.}r in
ljpis experiment is the number of errors
qade during learning. Experiment | also
| povides information about transfer of clas-
.li“:;{l.‘il}ﬂ learning since 55 learn, in succes-
I.Li.;n: several classifications of the same basic
;_LT.-;: but using different stimuli. In both Ex-
geriments IT and TIT, on the other hand, the
Limuli are presented simultaneously, as al-
{ready grouped into the two classes, 'Iihnn,
illowing o period of inspection, §s either
| tempt to formulate a concise rule for how
e stimuli can be sorted into the two classes
i else attempt actually to so sort the stimuli.
IThese two experiments also furnish infor

l_qgriuu about how the way in which the
{dmensions and values of the stimuli are
epresented by the physical features of the
simuli affects the difficulties of the different
tmes of classifications, The main variation
{there is between ‘‘compact” stimuli {like
|II';:|.~::: in Figure 13 in which all three dimen

dons are represented by different aspects of
he same object and “distributed” stimuli in
which each dimension is represented by
mriations in a different one of three spa-
lally separated abjects,

After the summary of the empirical re
alts of these three experiments (which im-
mediately follows the detailed presentation
if Experiment 111) we attempt to evaluate
iternative theoretical notions about classi-
Lration learning with respect to their ability
account for the experimental results, In

Brh
sedels of stimulus generalization nor those
of the conditioning of cues are alone sufh
dent but that, in addition, something like
ihstraction and the farmulation of 5 1%
parently involved,

| ExperimuyT T

The experiment to be reported first was
lesiprecd primarily to answer two questions;
Howe does the difficulty of learning vary

from one type of classification to another?
[s something specific learned about the struc-
ture of a classifieation that will transfer
positively to the subsequent leamning of a
new classification of that same type? The
experimental procedure conformed to the
usnal paired-associate paradigm except that
only two responses were used, That is, the
cight stimuli were presented, one at a time,
in a conbinuing random sequence and an
association between each stimulus and one of
bwo alternalive classificatory responses was
built up by the method of anticipation. In
order to obtain further information about
the relation between identification and classi-
fication learning with the same set of stimuli,
though, o condition was alse included in
which a different response was assigned to
each of the eight stimuli,

Afeth :'3'|".Ir

fermale freshmen at  Fairleigh
Dhckinsen Universily served for 15 hours each in
this firel <_'_1Q|:{-'.i'_|||,'|'|1_ These 55 were selected to be
as mniform as possible with respect to their collepe
eTTANCE CRATIILON S

Subjects,  Six

s,

Learning b S went through a dilferent
sequence  of learning taske called problems,
During any one problem 5 leamed to associate 2
preseribed werbal response o each of eipght stimuli,
In mast of the problems one response {eg, A
signed to four of the eight stimuli and
wnse (eg, BY was assigned o the
I'I,'|'.|:I,'|'.Iil'j;_'\. AL <;1_i||'_'.I|i. 'E".M:'-:'||I in certain ﬁj'u"r-i.:ll
problems, each of the cight stimoll took on one of
two values on each of three dinenzions, Thuos any
type of elagsification from T through VT could be
established, The stimuli were photographed on in-
dividual [rames of 16-mun. Glm and projected onto
a screen in fromt of 5 paced method of
anticipation was used @ Le, 3 n as & responded
to a given stimulus she was told what the correct
response Tor that stimnlus i fact was and then the
film was advanced io the next frame, Each of the
eizht stimuli oo a given film ocourred 30 times
making o total of 40 frames. The order of the
stimuli on each film was random except for the
{ollowing comstraints; within the first two blocks
of £ frames, each stimuolus appeared exactly once;
within every succeeding block of 16 frames, each
stimulus appeared exactly twice. Por each problem,
fearning continued wntil 5 attained a criterfon of
A2 consecutive correct rese 5.

Iac

>
Ly

WS

wther

Stimuli,. Hach of six alm strips was prepared
from a different stimuli. Figure 4
shows the eight atimuli use one of these film
strips. Each of the threc wms i oa stimulus
representeld a dimension n cither of two

set of
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drawings could appear as

ement of the

e
Vg

be established by assy
four stimuli on the lefr and
four sticnuli on the nght In

ar a hight ball in
er tomaster the clas
stimualy (ra

her than the
fiourés of Fignre 1) were

for this first experiment m order to sim-
fv the task of eoustructing the many dillerent
; ts of stimuli required by the ex-

Thus it was relatively eazy fo
fittn in which cither a desk ar z
ir appesred in the Lop position, on eye or an e

T

L |,:|I' draswit
entirely different set of three

&

®

i4

et

4. One of

the sels of eight b

selecte] for each of the ¢
Since no two of the eight stimuli ||:-'c1

in common, this 15 reierred to az the
filim.

aesign. Table 1 presents the gead
There were four geperal ¢l

LR
Two of these used the five filing Wit
“overlapping”™ stimul {l e, stimuli with twe gyl Ty
ar three dimen -'r|I'|'- i they were wlentification |:'T'J|..
leme (105, for “ulentification with overlap') i
W’ll:u.']l a different response-letter (LY, H, < M o
IR, 5 "r'\) was pssocited with cach of the Qiiﬁll
_kumn] Cand ol cation problems (0, 11, 'IIEI
WV, or V1) oo owhich one of 1wo IISES We
associated with each of four of the Tut slimy
Each classification problem used one of five altpn
mlive sets of responses: “A™ and "R “plus” an
“minus,"” P oand MO0 Yone®” and “two," o458
and YT The other two genecal elasses of [iEGhe
lenss nsed the nonoverlap flm thew wer :illl:llll]:_ri___
rion problems (1D in which the eight [etiers of
the ..lI]rII..II et were assigmed to the elght stimuli,
classification prablems §C5) in which each nl’ Lt
responges was associated with four of the eleh
stimuli, ¢ 5ince none of the stimuli on the fing.
overlap film had any commoen properties, all 43
ilens are ol E_!'ll; AT I_\'|:1'.]

As ndicated in the table, each of the =iz 55 wae
oiven fwve conseoutive problems of one type, the
five consecutive problems of another tvpe, and g8

ve ol

an for four diffevent types, A different Alm ki.cli

seb of stimuli) was uzed for each of the G
fication problems of the first tvpe administered 5
el 5, The order of these Hlms, howev Wi
different for different S5 On subsequent types of
problems the five films were used again for caclh §
in the same order in which they had been presental
duringe the five problems of the first type Tar th
5. The order of the films for the identificatid
problems (IDRY was the same except that it begas
with the assignment of the first ilm to Problem &
and ended with the assienment of the last film
Problem 1, The one nonoverlap film was ased far
both Problems 22 4 1E SAILNE A
of responses was e throughont the probl
of a single tvpe, but changed when the 5 proceedsl
to the next Indeed all 55 had A and B g
responses Tor the first hve classification problems
plus and minus as responses for the next five, an
e oy, For each problem the rnment of 152
winge o the stimuli waez chosen al random fram
I| poszible aasignments that ','.'t..lld comform o {he
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rht L the irvelevant one.
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2 seleeted for each of the eight stimgg;
o of the eight stimuli had any ity

this is referred to 2s the "noneeeclh

il desfgm, Table 1 presents the over. |
There four general classes Hp o
wo of psed the Ave films s

atnuli with two valpe
ietsions) ; they were identification proh.

for “identification with overlap™y 4
‘ereqit response-letter (1Y H, I, M. 0

M otimmuli (e

5 ;|'-c_-;|:||,'i;||":| with each of the (-i{::“
cation prollems (1, 1T, 111 Ty
in wliach of B5
vith each of four of the eight stim,
jention problem used one of five alién
af respomses: UAY and "B Uplus” ang
“oand O “one’ and Ytwo,t or S

e other two gener] clasees of prefi |
e nonoverlap flmg they were identifics.

ps CIDY in wlich the eight letters of

cwere assigned o the eight stimuli; ang

p problems (Cz) e which each of gy
sas associated wilth four of the Q.I:.:':ﬂl
ce none of the stunwli on the neg !
bad any  common propecties, all G

) w

clagail

one I respor

e ol the same type.)

tel in the tahle, ach of the six 55 was
sopeecutive problems of one tvpe, then
tive problems of another type, and &

different types, A differcnt film {3
i) wasz used for cach of the five ol
Blems of the first tvpe administered o
he order of these Lims, however, wi
r different Ys. On subsegquent tpes of
e five films were used agam for each:y
. order in which they had been presentsd
five problems of the first type f'_"' ﬂ.w.'.
der of the films [or the wdentihicabo
[Th,) was the zame cxcept that it bega
fitm to Problem 3

siemmment of the
with the assipoment of the last filmn
The one nonoverlap Aln was used fur
ans 22 aned 23, For each &5 the same &
s was retained chronghout the problems
type, bt changed when the & procecisl
¢ type, Tndeed all 55 had A and B
o the first Gve classification problens
inus w5 responses Tor (he next five, and

each problem the assignment ui_ t
the stimuli was chosen at randem fram
asgipnments hat would conform to fhe
thed by the design, Thus for a given §
1 '||I'l_|!;‘:-.'1|1. of Tvpe 1T the lower riglht
el e il irrelevant whereas
preblem of Type 11 the vppes drawing
e irrelevant one,

learned five problems of each of
I, and VI hut (owing to limitations ol
problems of cnly one of the Types 111
. The sequence of types was differen
Tt « terhalanced to the extent thal
seetirred as frequently toward the Tz it

L renched criterion late in the hour, s

LEARNING AND MEMORIZA'

ing a8 toward the end of the serigs of classification
pobloms, (Unfortunately commplele  counter-
lancing could not he achieved with the number af
ailable, Hence there 1s & partial confounding
of types and order of presentation of types.) Since
the & eonld veually be eeheduled for only an hour
o1 a e, the [ollowing rules were adopted: 1§ an
¢ reached criterion on & g
pour, she was started on the next problem, Tf she
e was nol given
. oaew problem until the next sesston, And i (as
geepstonally happened) she had not reached crite-
gon by the end of the hoor, she was continued on
jhat same problem at the begioning of the next
sesgion. Al 55 appeared three times per weel at

iven problem early in the

osghly regular intervals throughout cach week

Tatrictions. The nature of the learming tasks
pas explained to each 5, but nodhing wasz said
shout the structures of the different tvpes of clas-
ghcations (1=V1)., The experimenter (£7 simply
cated that % would leam five problems that were
gmifar and of abowt the same level of difficalty,
jken five more problems that again were similar
erong themselves bot different from the Arst five
preblems, ete. The stalement was also made that
e problems in each block of five might be more
fifficalt or less difficult than the problems in the
preceding Block of five, Each 5 was nrged not to
diseuss the problems with other Y until adter the
peperiment was completed.  (Also, the variation of
the order of the Hlms, order of tvpes of problems,
il assignment of responses from one ¥ to aocther
presmmably minimized the opportunily o come
munication of this kind.)

AL the heginning of the first problem for cach &
the manner of construction of the eight stimuab
way deseribed, And, ar the ontset of that and each
albsenquent problem, the eight stimuli were shown

10N QF CLASSIFICATIONS 7
cight stirnuli, but was simply 1old what these were,
During classification learning, though, there were
only two responses and 5 was required to guess
from the ontser, Each time a new problem was
begun that was of the same type as the preceding
problem, this Fact was ponted out to 5, Likewise,
when the problem was of a new type, 5 was tald
that, although the stimuli weuld be the same as
those she had already seen in an earlier problem,
the problem itself might be quite different from
the preceding problems,

Atter ¢ ion was reached on any probiem, £
informally asked 5 whether she had any observa-
tions to report concerning the problem or how she
bad gone about learning the responzes, In order to
minimize the influence of this inguiry upon the
subsequent behavior of the % in other problems,
sugpestions that 5 should be able to verbalize a
rile relating the responses to the stimuli were
avoided. For the same reason, i1 5 had nothing or
omly vague observations fo report, no attempt was
made 1o press for further explanation, Consequently
the record as to the rules formulated by 35 during
learning  does not provide detailed  information
ahout all aubject-problem combinations,

Results

This section presents the results of Fx-
periment I in detail. A general summary of
the results of this experiment (as well as of
the other two experiments, 11 and TIT) will
be found in the section Discussion of Em-
pirical Results which immediately follows
the detailed presentation of the results of
Experiment IT1.

w ot a bme. Belore each problem 5 was als P £
(0 ‘af @ MR -LRIOLS S PIOVICEL - Wb 2.0 Relations between measures of problem
ol what the set of responses for that problem Pt rs E
would be, During identification learning S was di fficulty, The following four measures of
not required 1o guess the responses for the first performance were talen: the total time (in
TABLE 1
ExrEriMENTAL DESIGN
Succeasive problems
o 5 3
1 2t 7-11 12-16 ir-21 || 22 23 24.27
5 113, I [ [1 IR VI [ S5 1D 1Ty,
Sz Iy V1 (111} 1 I I Ca [ 11y,
5, 113, 1 VI 1 vy | G 10 Iy
5 1Dy | (1) 11 V1 I | Cx 10z [ B
AT Iy | 11 (A i L | Cz 1D | [}
S5 1D, Vi I (111 IT | Cy 1Dy | [Dy
Mate,—Probloms 2-21 constituce the wain sequence of classification problema, Durlong this se e opacly 5 was given i

e three Ty 1,1

. and V1, bt only one
©ler pa aet them

mart in the table,

of the three Ty

pes 111

o IV, and ¥, These lateer types are enclosed in pares
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minutes) required to reach criterion (#}, the
total mumber of stimulus presentations ex-
cluding the 32 presentations within the crite-
rion sequence itself (#), the total number of
incorrect responses {errors) made prior to
reaching criterion (e), and the number of
errors during the first 32 presentations (f).
The correlations between these measures
{over-all 162 subject-problem combinations)
were as follows: vy = 093, 1. = 054, vy =
0.67, rpe = 0.90, v, = 0,63, and r,; = 077,
The f measure was probably the least reliable
of the four since it was based on only the
first 32 presentations, This may account for
its low averape correlation with the three
other measures {viz, 0.6%9). Nevertheless,
all four measures were found to have essen-
tially the same relations to the independent
variables of the experiment. Rather than
carry along all four, then, only the total
number of errors, ¢ will be used as the de
pendent wvariable in what follows. This
measure had the highest average correlation
with the other three {viz.,, 0.87) and has
heen used in previous studies of classifica-
tion learning (cf. Bourne & Restle, 1959;
Smith, ]‘&}:.14).

Transfer of clossification learning. Fig-
ure 5 presents the mean mmnber of errors
per & on the 20 11.1111.,11'141 classification prob-
lems {Problems 2-21 of Table 1). Beyond
the over-all {secular) decline throughout the
20 problems, there was a pronounced drop in
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Fic. 5. Mean number of errors for the twain
seatience of 20 classification problems. {Problems
221 in Tahle 1, Points *‘I"'H“*I'l'lll g o problems
of the same tvpe are connected by lines )
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SUCCESSIVE PROBLEMS CF THE SAME TYFE

Fic 6. Mean
through fiftl
{ Beparate curyves
Wi, but a single
combined.)

number of errors for the l'li[.-'i
szification problems of each typa |
are plotted for Twpes L 11 gl |
eurve for Types 1IL, IV, and 3%

i
errors during each black of five consecutiyg |
preblems of the same type. This HlJL,L!ﬁl:a]lu
within-type transfer occurred even ﬂ'u:.ur-u |
the stimuli and the assignment of response
changed for each new problem. What trang
ferred, then, was neither a particular sebof
stimulus-response associations nor simply g
generalized increase in ability to handle nég
problems; it was something about the unigig
structure of the type IL';L].I However, 28
will be seen, most of this within-type Lran,r
fer can be attributed to Type VI classifies
tions alone, £

e ,Ir.,J arisons between the six dypes g
classifications, Figure 6 shows how the overs
difficulty and the within-type lr.zusfﬂi
varied from

i
one type
another.

all
of classification til
The 111{1|1,|rhm] curves for J"],paii
IIT, TV, and V are not presented separatelfi
1
1 Also, of course, the sudden increase in erar]
whenever a new type of classification was intie]
duced might in part be a c'f:nse-nmu‘u either of @)
emotonally disrupting effect of the instruction i
the next problem would be of a new kind, or el
of seane interfercoce resulting from the repetit®
of the zet of stinli used five problems earlier wil
different  responses, However, these sating
seemn wplansible in view of the F
strong interaction between positive transfer and
type of classification, the total absence of ovel
intrusions of previously correct responses curiid
the new problem, and the subsequent reports of t|'l
S5 themselves.
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gince they were based on only two S5 each,
they are quite erratic and their inclusion
would therefore tend to obscure any pattern
in the more stable curves. For this reason
and because theoretical considerations indi
ated that these three types might be about
pqual in difficulty, they were .-L".-l'.l.-"'._‘:"l'.l!] L
gether to yield a single curve that is com-
I.-.".HIJIL in stability with the curves faor
| Types L 1L, and WV I3
] The reliability of the pattern exhibited in
Figure 6 was evaluated as follows: First,
the number of errors, e, made by each 5 on
each of the 20 classification problems was
jransformed to yield a new difficulty score ¢
| by the commonly used logarithmic transfor-
mation &' = logs (¢ 1), The log trans-
| fprmation {used also in Smith's study, 1934
prgely eliminated the initially apparent de-
pendence of the vartance of errors upon
their mean value, Then, a second-order
prthogonal polynomial was fitted to the fve
transformed points in each one of the 6 X 4
eells corresponding to a different subject-
type combination. Thus the set of five error
seores in g given cell was reduced to a set of
three coefficients: the mean value of ¢ for
the miven S on the five problems of the given
lype, the linear trend in ¢ over the fve
and the quadratic curvature of
Finally, an over-all analvsis of
carried out on these coeffi-

e, PRI

problems,
that trend.
VAriAnce was
clents."

The analysis indicated that the four curves
Il J. igure 6 da -:hITu reliably in over-all level
F = 4.5, # =< 05}, in linear trend (F =
80, ¢ == 017, and in curvature (F = 6.4,
po< 01, The average left-to-right trend
af all these curves taken together also
datistically significant both in 1is linear com-

P Unfartunately the experimental design does not
permat an ss g test of possible differences he-
i the mdividual carves o [1T, 1%, an
Vo With the darta that were ohtained, bowever, the
trves for 11D and W did not exhibic any consistent

Twpes

dffereyces either i owver-all height or in trend.
[he corve for TV did penerally fall somewhat
} & L ] . T ! ¥, 5
| How the curves tor [II and W vl the two 55

wpe 1Y problems bappened to be
e two who made the smallest number of errars
o the other problems also, About all thar can be
taimed at this point is that the resulls are at least
hsislent with e conclusion  {established more

| who were given T

x
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||I:'III:"II'I
re

(=204, p <
component (F =

A1) and in its curva-
84, & < 05). How-
ever, as is clear from Figure 6, this average
linear trend and curvature as well as the
differences between types with respect to
trend and curvature is largely atiributable to
the very marked decline and concavity of the
curve for Type VI alone. Order of pre-
sentation of types of classifications had no
significant effect upon the height of the
curve for each type (F = 1.0}, the linear
trend (F 34), or the curvature (F =
3.0). The fact that the left-to-right linear
trend in Figure 6 is significant whereas the
effect of order of presentation of types is
not significant further supports the conclu-
sion, drawn from Figure 5, that the within-
type positive transfer was reliably greater
than the between-type positive transfer. Ina
semewhat more rigorous test of this point,
the over-all downward trend of the curves
in Figure 6 was found to be significant even
after the linear component of the order
effect (i.e., the secular decline in Figure 5)
was subtracted out. (Again, however, this
within-type trend is largely contributed by
Type V1 alone.) Finally, the six S5 did not
differ sigmificantly either in over-all per-
formance (F = 24) or in the linear trend
of their performance over a series of prob-

lems of the same tvpe {(F = 1.7, Chldly,
however, they did differ in L]u_' quadratic
component of this trend (F =83, # < 01),

This last result appears to be primarily at-
tributable to one & (viz, 530 whose curves
were all convex (rather than concave) up
wards,

=ince the four curves presented in Fig-
ure 6 evidently do differ reliably, a2 more
detailed examination of these differences was

following cxperimentz) that Types

are esseolially eqnal m difficalty,

the
and W

firmly in
[T, 1%,

"The fact
a sarctial

that the experimental desipn entailed
cottfounding of tvpes and order of pre-
senitation of types neceasitated the computation of
certain covrection coelficients in order to render
arthogonal comnparizons  invelving these two
variables. We are greatly indebted to M. J, R,
Healy wha, while a visiting member of the Rell
Telephome Laboratories, proposed the method of
analysis and de ved the formulas far the required
correction coeflicients,

any
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undertaken, With respect to the first prob-
lem learned of each type (the left-most
point of each curve), the results of the com-
parisons between types {using two-tailed ¢
tests ) were as follows: the first point for VI
was significantly different from the point for
111, IV, and V combined (p < 01}; the
point for 111, IV, and ¥, in turn, was differ-
ent from the point for IT (p < M350 the
difference between the first points for IT and
I, however, was not significant. The differ-
ences in the initial difficulties of the six types
cannot be attributed to interference or nega-
tive transfer from preceding classification
problems; for the same ordering is found
when we look at the first problem of only the
first type learned by each S, Thus the aver-
age number of errors made on the very first
classification problem (Problem 2 in Table 1)
was 7, for Type I; 29, for Type I1; 41, for
Type IV; and 86, for Type VI. ({None of
the .55 had Types 111 or V first.)

The comparison of the differences be-
tween types for the points corresponding to
the second through fifth problems of each
type is complicated by the significant de-
pendence of within-type trend upon type.
However, for the purposes of the subse-
quent theoretical discussion, it is sufficient to
ohserve that the downward trend for VI is
sipnificantly greater than that for any other
curve. Thus the results are consistent with
the hypothesizs of an initial ranking: 1<Z II
= (III, IV, V) < VI. Baut they also indi-
cate that, with continued practice, VI de-
creases in difficulty relative to the other
types and, so, eventually becomes casier than
[T, IV, and V (considered together).

Analysis of rules verbalized by 5s. For
all but four of the subject-problem combina-
tiong & deseribed the classification in terms
of an explicit rule. All but five of these ex-
plicit rules proved to be correct in the sense
that, by sorting the stimuli in accordance
with the given rule, E could reconstruct the
correct classification, All of these rules were
rated for amount of unnecessary complexity;
i.e., the amount of complexity of the stated

rule aver and above that of the least com-
plex rule possible for the given type of clas-
sification. Some of the types admit two
different rules that seemed about equally

ARND, anp H, M, JENEKIKNS

economical. Examples of each of the ldngy
of rules that were taken to be most LCON0.
ical for each type of classification are g,
follows: |
Type I; “If there's & candle it's an A othervda,
B." :
Twpe 11: "Tf there's a candle and trompet or 4
there’s a lieht bulb and violin i#t's an A; ul]le'.r-.:_,,.:,':

Fa o
.

Type Illa: “Ii there’s a candle but not hoth g
violin and serew, or i there's a violin and oot it
an A otherwise B
b: “1f there's a candle and trumpet or if therey
a violin and screw it's an A otherwize B
Type TWa: "If there's a candle but not bothiy
viohin amd screw, or if there's a trumpet and gl
it’s an A ; otherwise B l
h: “IE there's a candle, violin, esd scrow e
any two of these it's an A otherwise B

Type W "I there's a candle but not both a0
violin and screw, or if there's o vielin and screy
bt noe a candle, it's an A otherwise B

Type Wia: “If there's a candle, violin, ond sc
ar just one of these three is an A otherwise B,

b: “1f either just one or else all three pictung
change the response changes to the other alternss
tives otherwise the response remaing the same,"”

The rule for Type 1 simply specifies the
vialues on the one relevant dimension. Thy
rule for IT does the same for the two reles
vant dimensions. The rules for ITla, TVEE
and Va are of the same general kind., They
might be called “single dimension with ex
ceptions’ rules in that they specify not only
the values on one relevant dimension {as i
Type 1) but also the two exceptional stimull
for which the responses must be reversed!
The rule for T1Ib 1s similar to that for IIE
except that three rather than two dimensions

6 Tpy seneral this kind of rile i3 of this form: "B
there's a candle it's an A otherwise B except the
one made up of a candle, violin, and serew must B
exchanped with the one compased of a light buly
trumpet, and not”  The epecific forms of thi
“eingle dimension with exceptions”™ tvpe of rule tha
were given above differ from this general form I
that they tike advantage of cerfain subtle diffes
ences in the structares of Types 1L IV, and ¥V A
order to shorten the rules slightly by omitting mef:
tion of one value for each of the two exceptiond
stimuli, However, &5 were considered {o hay
formmlated the simplest role for Tapes 111, TV, @
YV oeven if they mentioned all three values of (¥
exceptional stimuli as in this general form of th
rule.
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TExamples of each of the kiyg,
at were taken to be most ECOMOLT.
ach type of classification are g4
[[ there’s a candle it's an A otherwlz,
“1f there's & candle and trumpet or i

bt bulb and violin it's an A ; otheryags

1= "IE theres a candle but not both 4
o7 there's a violin and o, i1
B!
efe q candle and trompet or i therds
serew it's an A otherwise B

SE,

Wilse

“1f there's a candle but net both' s
serew, or if there's a trumpet and ook
therwise B
there's a candbe, violin, owd screw of
these it's an A otherwise B

“1f there's a candle but not hotk g
SCTEW, OF if there's a violin amwl screw

Cit'e an A otherwise BY

C9TF there's o candle, violin, and sorey
of .'I'.I.'H.' three i's an A otherwise B
either just ohe or ¢lee all three pietares
respon to the other alterm:
wise the respanse remaing the same”

changes

le for Type I simply specihies the
the one relevant dimension.

does the same for the two rele
wisions. The rules for Illa, IVa
re of the same general kind., They
called “single dimension with ex
rules in that they specify not only
: on one relevant dimension (as i
it also the two exceptional stimul

B -
the TESM1EES miuist be reversed
for 111k is similar to that for I
.t three rather than two dimensioni

. 4 . ' e o

wal this kind of rule is of this form: "I
anlle i|.‘1 an A otherwise B except the
up of = violin, and screw must b

ansdle,

with ||m ane compased of a light bull
i

i forms of
tvpe of rule
reneral form i

n subtle differ

s

wad ot The =
yensig with exceplion
1 ahove differ from th
take advantape of certs
e structures of
orten the ruls .
i value for each of the two excoptiod

||'-'.x'-:‘:1'|:l', N3 werc consi |{;"|-|.|_ to haitke
simplest rule for Types TTT, I\fr. A
they mentioned all three values the

| stirnuli as in thig general form ﬁf il

Fypes 1II, TV, and Vi
slightly by omitting mett
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e involved. The vocabulary is coordinate
jor all the rules just considered; but for the
jarther rules IVh, VIa, and VIb—which we
shall sometimes refer to as the “odd-even”
arles—a new process of counting enters,
-lr;':,_r, indicated in the introduction, by the
length of the rule for VI given there in
erms of a logical conjunction and disjunc-
pon of values, the rule for this type is ex-
remnely complicated if counting is not used. )
The rules INJb and V1a are similar in that
the classification is defined in terms of the
ree pictures contained in a single “pivotal”
simulus. However, they differ in that,
whereas any  stimulus be chosen as
svotal in V1, only two of the eight stimuli
will serve in INL. The final rule, VIb,
gniquie in that it involves a comparison of
two consecutively presented stimuli and, so,
would not provide any basis for responding
1o the first stimulus presented,

Three judges {(JG, HM]J, ENS5S) inde-
pendently rated the amount of complexity of
the rules stated by the Ss over and above
that of these most economical rules. The
ating was done in random order with
knowledre of the type of classification in-
golved but without knowledge about which
af the six 55 produced the rule or how many
problems had already been learned by that 5,
The rating was done on a five-point scale
according to the following guide:

. Equivalent to one of the most cconomical
statements of the piven type of classification,

., As above, but either includes the complete
 for both responses {rather than simply spe
fving the appiication of the second res by
exclusion ) or else states the values on an irrelevant
dimension, but not both of these. (Fxample of
dating. an  irrelevant dimension i Type [: “If
's a candle and o violin or trumpet it's an A

can
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TS

2. Fails
limension ;

to wse exclusion and inchules irrelevant
or repeats some information uineces
sarily g or i incomplele,

Jand 4,

Enumerates all [our sticull in éach class or

sales o rule fudeed to be eguivalent fo such
ation i terms of the number of dimensions
raluee specified,

[nereasing degrees of complexityr,

The three pair-wise corr latiomns betwesn
the {hree judges’ ratings of the amount of
becessary complexity of the slated rules
A4, 90, and 89 Since the judges

Were

seemed to produce similar ratings, their rat-
ings were averaged for c.u.np.-lns-:m_a with
other variables. Their mean ratings of un-
necessary complexily for Types I, II, III,
[V, V, and VI were 1.6, 1.7, 23, 1.8, 3.2,
and 2.3 {in that order). For purposes of
comparizon, the number of errors made dur-
ing the learning of classifications of each
type {averaged over all five problems of the
same type) were 8.3, 132, 320, 16.7, 23.6,
and 28.0, respectively. The correlation he-
tween these two sets of numbers is statis-
tically significant (» = .80, p < 05). There
was also a decrease in the rated complexity
of rules in successive problems of the same
type. This is shown, along with the corre-
sponding reduction in errors {for all types
talen together), in Figure 7. The similarity
of the two curves suggests that there may
be a close relation between the reduction of
errors and the discovery of a more econom-
ical rule. Type VI showed the greatest re
duction in complexity of stated rule, just as
it showed the preatest reduction in errors,
during the course of the five
problems,

stccessive

Tdentification and noneverlap conditions,
[n all conditions there were only eight dif-
rent stimuli; and these were highly diserim

inable in the sense that the difference be-

3.0
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&
o 26
g 25 UMNECESSARY =
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il STATED RLLE oy
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= 20 22 5
. o
= g g
- 5
i 15 ja
z ERRORS \\Ej.,_ z
2 s s ey 1
: Ble 4
-
T T T 1] T
| 2 3 4 5
SUCCESSIVE PACBELEMS OF THE SAME TYPE
Fra. 7. Mean number of errors and mean rating
of the amount of mmnecessary complexity in the

rule stated by 5s for the first through fifth prob-
lems of the same tyvpe, ( The average g taken over
all six types of classifications, The location of the
zero points and the size of the onits have been
adjusted to bring the two curves into approximate
alignment.?
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tween any two could easily be seen ani

described by Ss. Moreover these sHmuli

were meaningful in the sense that they de-

picted familiar objects for which the S5 al-

ready had overlearned verbal labels. Now a
paired-associate list composed of only eight
highly discriminable and meaning ful stimuli
would seem to be relatively easy, Yet the six
§s found most of the classification and
identification problems quite difficult. n
the average, they mastered the first identi-
fication problem (ID,} only after 59 min-
utes, 240 stimulus presentations {which is
equivalent to 31 times through the “lst”),
and 103 incorrect responses. The reason for
the difficulty of this task is made clear by a
comparison with the corresponding  non

overlap condition (IDg). This problem was
mastered, on the average, after only 3.7 min-
utes, 4.7 stimulus presentations, and 0.8 in

correct responses. Of course, of theze two
identification problems, the one with over-
lapping stimuli always preceded the one with
nonoverlapping stimuli, but this cannot alone
account for the hundredfold difference in
errors. For the average number of errors an
the last four identification problems with
overlapping stimuli (ID,) was stifll 23 (as
opposed to 0.8 for the nonoverlapping stim-
uli}.

The results, then, support the following
account: The identification problem with
nonoverlapping stimuli was relatively easy
hecanse & could associate the response for
each stimlus with each of the component
pictures of that stimulus independently. In
fact, the problem could be mastered by at
tending to the picture in only one (say the
lenwer left) position, And the plctures ap-
pearing in this position were indeed highly

Owing to the overlap in the
11 the contrasting identi-
coald never

meaningful.
component piclures 1
fication problem, however, &)
achieve a satisfactory performance by al-
tending to the picture in a sinple position,
Rather. & would have to learn to identify the
unigue patiern corresponding to each of the
cight combinations of three pictures. And,
although the individual pictures were mean-
ingful, their combinations were not. More-
over, the overlearned verbal labels {eg.,
seandle® “violin,! ete.) were of Tittle help;

k. 19, SHEPARD, C. L HOVLAND, axp 1L AL JENKINS

:
it

stimuli that shared pictures would also shaye :
these labels. A verbal response uniquely ga8

sociated with each combination of three pig

tures presumably would have been helpful |
but this & did not initially have. The HiL‘I_‘laf: |
tion here is analopous to a rote learning tasl

with nonsense syllables as stimuli. There, §

has an overlearned responsc to each indis
vidual letter, bhut net to the whole pattern of

three. ¥

The comparison between the identification.
and classification problems with num;mr:
lapping stimuli is unfortunately confounded.
completely with order effects; for, wheroge
the same set of nonoverlapping stimull wag
used for hoth conditions, the classificatigy
problem always preceded the identificatioy
problem. Still, in view of the absence of i
strong order effect among the other classi=
ficatinn problems, it seems rather surprising.
that the classification problem with nonovers
Japping stimuli resulted in an average of 65
errors as opposed to the average of only 05
errars for the corresponding identificatiog
problem, 3

——r o S——a

ExpertMENT L1

Thiz experiment was designed to secing
more systematic information concerning 15
kinds of rules spontanecusly formulated L
55 in categorizing stimuli arranged acconds
ing to the various types. In addition, infore
mation was sought on the following pralis
lems: Is the difficulty of memorizing the
classification into which the stimuli have
heen arranged related to the difficulty a7
formulating rules for their classificationf
Does the way in which the dimensions and [

ol

their values are represented by features it
the stimuli affect the difficulty of memorizi
fion or formulation of rules for a classificis
tion ? :

These problems were iny ated througlh
the use of two tasks: rule formulation, &
which &'s were first exposed to eight stimuth
divided into twoe groups of four each on thé

basis of one of the various types of clasgiel

feations discussed above and then asked ti |
sive the basis on which the two sets could hf}]
differentiated; and memorization, in whit
ihe same 5s were subsequently (1-2 weeks
Inter) {::.;-l:u::r'ﬂ ta the same divistons of thi
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natie Information concerning the
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arious types. In addition, infor
sought on the following prob
e difficuliv of memorizing the
nointo which the stimuli
sed related to the difficulty of
:r rules for their classification?
av in which the dimensions and
. ure represented by features of
affect the difficulty of memaoriza:
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have

lems were investigated through
two tasks: Formulation, it
first exposed stimuli
» twn groups of four cach on l1|_-:'
e of the various types of class:
above and then asled 0
twa sets could be

rocle

o] to e

arEsed
215 on which the
ed: and memorizafion, in which
's were subsequently (1-2 weels
the same divisions of the
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LEARNING

glimull nto two groups but with instructions
to study them until they had memorized the
classification, and then were tested for their
ability to sort the stimuli correctly into the
b ETOUpS.

ethod

yubfectr, Data were secured {rom 20 college
giicdenls I'|f|1|. an elementary psychology clazs at
the University of Bridgeport. Four other students
were dropped becavse of fzilure to Tollow the in-
structions on prelimingn

¥ trials.
Stimdi,. Classifications of Types
.j,ll" "k"l WCI'S -.‘:I:||||1'.-_x-|'r|. "|1|I"r'l.' ||:I TIII.III acla l'.-i-
cach type, except VI, were chosen in a way
15 10 counterbalpnee Tar each type, the Il:||-"‘l ||.'|<-:|
by the three dimensions, (Thus, for sach of the
I|'|-.'{" Type I problems, a ditferent dimension would
¢ the relevant one} Only ong blem of Taype VI

I, 11,

I1L, W,

a5 given sinee all three dimensions play the samse
rale in this particolar fype. Altogether 3 % 4

- 13 dhifferent sets of cight stimuli were there
r.liIixt-.x'l.

the
salures in
These are illnstrated in Fig-

anid
Ly

Lwar walues of

alinulug [

The three
imull wers
three different w
urg & where (for of three ways) the
gtimuli are arranged according to s Type 1T class
o Cwith the four stimuli o the left in one

class and the four on the right in the other class),
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different perceptinl representations
ification,
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v raler to

first way {A) as a
stimulus
thres

"compact”
15 a single geo-

the stim-

S1nce

The

mlz o
FITe,

limensions of

e, color, ond shape. The corresponding

are  large-small,  black-white, «ireolar-

I ;:'II'E'_II|:|:'. The second znd |||EI-'1 TEprese tatinng
(B and C) are referred to as “distributed”

of three separate
rele, =quarey each
of the three dim
large or small mpvioe us

cach stimulus consi
figares (triangle, i
to encode one
h Agure mav he

TEONLE
of wh

I-\.:III ]

I'l
ich is
In B
||I"' wio

values for cach dimension, In O, however, the
values are re nted inoa different wav for each
Thus, the triavgle may be la or &

rcle mav be black or white, .'L:1r
b shaded or unshaded, r'J'hi-

representation, O, imahly  the

anglogous 1o the s used in

were nll © ribaced"

I|'||,' ) L8
last kind of
mast closely
Experirnent |
in the present

]
SENSE. )

1t choice of these three

was not

perceptual representa-
H-defined thearet
was intended to provide some
e oand zlsa to evaluate certain
as to how the type of coding
of the dimensions might affect performance. [t was
thought, for example, that the ccompact Eepresenta
1 A& might differ from the distributed representa-
tioms in that a single discrete onae might be
maidle to the single geometrical fipure without hav
i to respond successively to each of three spa-
tally separated Ggures, Mostrative of another pos-
sible influence of the perceptual r tation
wottld b the expe tion that the Type VI '|||'|:|'1'|.;~11'
wonld be ea with Representation I, since he
this otherwise difficolt problem could be |':-,||_|,|,|' *_r'.
based simplr on the number of
final example 15 the possible
milation of a rule for Type IT in terms of the
me” or “different™ zize of two of the fimures
"when triangles and zquares

[;- B

] LIr0TE ATy
teal predictons huot
cenerality of materi

il

ruale

ures, A

AE EAme Hi'):l':.

put on the right” ete, in Figure 83, It will be
found later, however, that the differences between
the two distributed representations were not zen-
erally o nificance, and in most of the subzequent

digossion the results for these two representations
(B and C) will be combined. The nature of the
dimensions and values for the three different repre
sentations are specified in Table 2.

Farimaelafic

wm oF #ules, The first task for
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TABLE 2

MNaTUurE oF DIMENSIONS AND VALUES FOR THE THREE IMFFERENT PERCEPTUAL REPRESERTATIONS
= : —_ _I! —— ————— —l— ——1
Percep- Values Values | { Values
tual Dimension 1 _| Dimension 2 |- Dimension 3 S
repress- i | E
Latian 1 2 1 2 | 1 2
A Color of figure | white | black || Size of figure | small | large | Form of figure i triangle | circls
B Size of vriangle [ small | large | Size of circle | small | large | Size of square |small  |large E
C Size of triangle | small | large | Color of circle | black | white Shading of ' apen shaed
[ i SUATE 7
I | . g R U e |

figurea belong in the A grouap, aml which figures
belong in the B group, You are not allowed to
describe particular cards. You munst give generzl
descriptions of categories or classes of cards, | B
mives an example.] This is not an intelligence
test: we are interested in how individoals de-
aoribe sets of ilems.

Do you have anv guestiona at this time regard-
ing what you are to do? 1f not, we'll start with
the first et of items,

The exact rules given to £ by 5 for caregorizing
the cards were recorded, A sample protocol for
Type I might read: “Tut all the large Higures on
the leic and all the small on the right,” The time
clapsing between the opening of the test booklet
ard the statement of a rule by 5 was recorded, A
second & recorded S5 roles and the tune regquired
for their Tormulation,

If 5 gave a rule by which £ could sort his sel
of cards, the role was Tollowed and rvecorded, Tf
the rule was not clear or viclated the nstructions
given to &, E challenged 5, explaining that all the
stimuli were not covered or that 5 was not follow-
ing instroctions—particularly when 5 only described
the individual cards. The pature of the challenpe
and 5's response to it were recorded.

§

S was
in memoriz-

Memorizafion, Two weeks later e
miven a test of his speed and accuracy
ing the assignment of stimuli according to the vari-
ous types of claseifications. In this test 3 was given
a set of eight cards constituting the total set of
stimuli, & then presented to 5 ane of the 13 bool-
lets described above, 5 was instructed to stody the
hookler unfil he felt he could distribute his set of
cight cards into two categories {left and right) in
the same way a5 they were distributed in the bool-
let, His performance was timed and the disteibo-
tiott of the cards into the two piles was recorded,
Thereupon another set of instances was presented
to 5 by £, The instructions were as follows

vou will be
1t cards,

For this phase of the cxperiment
shown a booklet which contains el

divided into two groups, When vou Teel that voy
are ready to zorl your own cards tell me [ff
close the hooklet and vou pick up vour cards and®
sort them into the same two groups. The order

in which the cards appear (within cach group) {38

not important, Just get the same cards into the
SAME Erouping,

Don't pick wp your cards until 1 have claseds
the haoklet. Do vou understand the task? Ang
gquestions * Al right, let’s begin, ]

£ oopened one of the test boollets awd, when &

indicated be was ready, £ shut the booldet and 5
sorted the eight cards inte twe piles from memaory,

The sorting was scored only on the basis of getting

the stimuli correctly grouped together ; whether ong
pile was placed: on the right or left was not talken
inte aceount.  {Since the order of the two groups
was not scored, there were only 35 rather than il
ciassifications hered  The time elapsing
between the presentation of the instances to 5 anid
the begimmuopgr of his sorting of the stimuli was

possibie

recorded to the nearest second.

I both the rule formuolad
zation tasks each 5 received all
13 different sets of instances in each of the three
I!
tions were contained in a lalin square with approsi
mately one-third of the ¥s receiving the compach
Representation A first, one-third Bepresentation B
and one-third Representation C, Ss for each of the
three groups were assigned randomly, A simalac
Iatin square was emploved for the memorizati
lask except for the restriction that ne 5 had
wresentations i the two tasks
Within a particular Kind of representation the 13
setz of problems were given in random order.

esstal o,
tion and

= TR

eptual reprosentations,

same order of e

Fricr to the beginning of the experiment propet
@ series of trigl tasks was emploved that had subs
stantially different gecmetrical figures but invalvel

eezentially the same kind of classifications as those
used in the main experiment.

The thees representis)

i

!
difl
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ally
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o PERCEPTUAL REFRESENTATIONS

s e
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LEARNING AND MEMORIZATION OF

Results

Formulation of rules. While a number of
different kinds of rules could be formulated
ar these materials comparable to those dis
cussed under Experiment T, only three linds
constituted the bulle of the formulations actu-
ally produced by Ss. Although il was for-
|J§(1(1cr1 in the instructions, enumeration of
gimull was oceasionally used—primarily in
connection with Type VI, Examples of the
various types of rules may be helpiul. The
following examples are taken from those
riven for the compact perceptual Represen-
(aticn A

Single factor: "All arcles on the left; triangles
m the right,”
[wo-factar: “Small eriangles anddoc Jarge cir

des on the left: large triangles and small circles aon
the rihe,”

Sinple factor with exception : “All black hgures
ol the left and white figures on the right exeopt
the large hlack circle showold he exchanged with
the small white triangle.”
1t will be recalled that the simplest rule for
Type 1 is the single factor rule; the simplest
for Type 11 1s the two-factor rule; for Type
[11 either a two-factor formulation (involv-
mg three dimensions) or a “single factor
with exceplion” rule s possible; the simplest
for Type WV 1s the "single factor with excep-
ton'® rule,

[Resulls are shown in Table 3. The per-
centages of s giving a correct rule of each
tind for the various tvpes of problems are
presented.”  The sets representing the sume
problem but with different dimensions util
ized as the basis for classification are indi-
cated by [, 2, and 3. General rules which
were correct bul not included as one of the
three most common kinds are tabulated
mder “miscellanecus,” and correct state-
ments of the classifications by complete de-
seriptions of the four
are tabulated under the
tion,”" i
ment of the rule{s) or a failure to formulate
Z rule,

stimuli in each group
column enumera-
an incorrect state

rors” involve

" The assiznment of the rules produced by Ss to
e variogs categories of Table 3 was based upon
agroemenl  belween one of Es {CTH) and
Albert Brepman  (whose assistances as o jwdpe i3
gratelully acknowledped) .

the

CLASEIFICATIONS 15

The principal phenomenon is the high rela-
tive frequency with which §s formulated ap-
propriate simple rules (numbers enclosed in
Loxes). But the extent to which the simplest
rule was produced varied greatly with type
of classification and kind of perceptual rep-
resentalion. (The fact that it also varied
somewhat from one set to another within a
givenn Lype and perceplual representation
may mean that the three dimensions differed
somewhat in salience. However, this kind of
variation is generally small compared with
that attributable to type of classification.)
For Type 1 from 75-1009% of the Ss (with
an excepiion to be noted at the end of the
paragraph) formulated a single-Tactor rule,
The extent of use of the simplest rule was
actually greatest {though not significantly
50y for Representation C, where a different
figure and kind of variation was used to rep
resent each dimension, It will be noted from
the fable that some 5's ulilized a less efficient
rule for Type 1 in which they described the
stimuli in terms of foe dimensions rather
than the ane required. TFor example, instead
of specifying “All circles an the left and all
triangles on the right,” they would say: “All
large circles and all small circles on the left,
and large triangles and small triangles on the
right.” This accounted for 50% of the for-
mulations in the second of the three Type 1
problems with the compact Representation
A

With the compact Representation A for
Type 11 from 65-90% oi Ss stated a simple,
appropriate rule, one involving two factors.
Thus almost as many 5's formulated a simple
rule for Type 11 as did so for Type T (with
Representation A). The corresponding per
centages for Representations B and C were
substantially lower {3)-35% correct) than
for A, and were less than the corresponding
percentages for Type With these repre-
senfations 8% appear to have considerable
difficulty in discovering a rule for Type 11
classifications,

Results for Types 111 and ¥V were clozely
similar to each other. There was a substan-
tally smaller number of 85 using the simplest
applicable rule than in the case of Types I
and TI. There were no clear differences

among the three kinds of representations,
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LEARNING AND MEMORIZATION OF

rhe substantial number of “miscellaneons”
I;_]agsiﬁcati[m:-; primarily comprises ones in
which two of the four stimuli on each side
were classified by a general rule and the re-
paining  two were then individually de-
:;I,"Tjh‘l-'r]

No & i any of the j_|](:-Llp‘- fFave o correct
reneral rule for Type VIF In viclation of
the instructions some of the Ss enumerated
the specific stimuli which were assigned to
pach group,  Although these enumerations
were contrary to the instructions, they were
accurate statements of the classification for
1% of the S5 with Representation A, 109
with C, and 0% with Representation B.

These results are summarized in Figure 9.
It will be seen that there was an over-all
progression of reduced adequacy and accu-
racy of the formulated rules with increased
complexity of the classificalion, Accuracy
was preater for the more complex classifica-
tioms when the dimensions were perceptually
represented in compact form (A) than when
the information was distributed over three
figures (asin Band C).

The length of time required to decide on
an appropriate formulation was also ana-
lrzed. These times show essentially parallel
results, with longer formulation times for
the more complex types of classifications.
There is one interesting inversion, however,
in that 53 took longer to formulate a rule
for Type IT than for 111 or V when percep
tual Representations B and C were used,
With these representations the rule for
Type 1T seems extremely difheult to farmu-
late. “The over-all phenomenon, however, 15
that 52 do not merely tuke a Tonger time to
decide on an appropriate formulation hut,

2 The fact that none of the 3% in Experiment 11
discovered the f|i|’_:_’."'||_l.-' efficient o<dd-even rule that
diseovered by some of the 53 in Experiment |
is probahly @ consequence of iwo differences be
tween the Lwo experiments, 2, the much larger
sumber of learning treials for each problem as well
25 lhe eanzecutive presentation of problems of the
.-um_r type [:«m\r'd{d much grenter U]Jlﬂ}rlumlt fFar

e discovery of mare eflective rules in the first
_mp\_.“”._f-n_ Seeond, the successive presentation of
stimuli wsed only in the first experiment may have
made it more likely that 55 would notice how many
fep, whether an odd or even oumber of ) values
langed Trom one stimuolus to the next,

CLASSIFICATIONS 17

even after this longer time, they still are less
accurate i formulating  the appropriate
rules,

Memorization. Results for the second
task, that of remembering the category to
which each of the eight stimulus cards had
been assigned, are presented in Tables 4 and
5. These data show a close relationship be-
tween the type of classification and the acen-
racy {Table 4) and speed (Table 3) with
which the assipnment of stimuli is memor-
ized, Practically all 5s correctly sorted the
stimulus cards into the appropriate groups
after a 2-5 second period of inspection in
the case of Type 1 classifications. Consistent
with the previous results on adequacy of
formulation of rules, the greatest accuracy
is attained with perceptual Representation C.
FPerformance with Type II problems was
substantially poorer than for Type T and the
difference was most marked for perceptual
Reprezsentations B oand C."  Measures in
terms of accuracy and those in terms of time
Tor memorizalion are closely parallel,

Prablems of Type 111 and V' did not differ
among  themselves but both were clearly
more difficult than Type 1. Apgain the dif-
lerences between Type 1 and Types TIT or
Vo owere more marked with Representations
B and C.

¥ :\'r-nu_ of the available skatistical 11rncu11|lc: is
completely appropriate for frequency data (e, fre-
5 of correct formulation of rules or fre-
of correct memorization)  when  these
irequencies are obtined [rom the same S5 under
different conditions, The analysis mentioned below,
however, revealed no transfer [rom one perceptoal
represenlation to another or from one type of prob-
lem to another, Under these condibions :hq type of
¢ '-.|| vare analog of analvsis of variance developed
g el deserilusd b Hufc]ll'tr. (19373 pro-
onservative estimates of lificance since
remnaining factor, individual differences, would
ertainly result in a still smaller error term, The
ditfersnce between pereeptoal representations, ac-
carding to this analysiz, s significant at the 001
level, {This difference 15 primarily attributable 1o
the difference hetween the compact representation,
A, and the distributed representations, B oand O,
taleen together.) The difference attributable to tvpe
af classification iz significant at the 001 level alsa,
The mtermal eor new of the data as well az their
sunilarvity to those of Experiments 1 and 111 attest
further to their reliability
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Still more difficult in terms of accuracy
and time for memorization is Type VI, The
distributed perceptual representations (B
and C), composed of three figures, once
more resulted in greater difficulty than the

TABLE 4

AccrracY 1IN MEMorizaTION Task: EXPERIMENT [1
(Percentage of 3s correctly assigning stimuli from
TGy )

representation in compact form (A, Tﬁr
difference in accuracy score between Rany

sentations B and C was in the direction 1
dicted from the greater availability of the
odd-even rule {discussed above) for Repre.
sentation B, but the difference between
and four (out of a possible 20 Ss) 1z flul%;:
statistically significant and we did not SECHTE
confirming evidence for its utilization in tha
rule formualtion task.

The results for accuracy and spead Df-%
|

memorization are shown graphically in Tl
ure 10 where the data for the three kinds 5 #
perceptual  representations are  combingd W
The zame relationship between AcCuracy ap
inspection times that was obtained in ﬁ{ A
caze of the rule formulation task also “-;]'5-'_
obtained here; ie., accuracy was lower fop |
the difficult problems even after :ul(lifiuﬁ&[.:;{;
time had been spent in assimilating the in Fm;é_.:,«-_i
mation, :'_i

TABLE 5 e
TiME REQUIRED TO MEMOEIZE STIMULL:
ExreriMEnT 11
(Median number of seconds elapsing between
presentation of stimuli and 5's sorting of )
perceptual stimulus cards)

Prallem Perceptual Representation

——

( A B &
Type Set (Dhatrib-  {(IDstribuated :
(Compact) uted: same  different
values) values)
N I~

1 1| 100% 10045, 100

2 | 100 50 100

3 on 23 100

IT: 4 B5 £l ]

| 70 G0 70

3 | a0 75 B0

1 I | 65 50 3a

2 Gl [ili] S0

3 G5 a0 Al

Vool o0 A5 45

2 55 60 50

3 a5 30 a5

VI 55 20 5

Problem Perceptual Representation
A B C
Type Set (Dhstrib-  (Distributed®
(Compact) uted: same  different = |
values) values) y
| 0 9 . |
o 2 4 1 [
2 1 5 4
3 b 41y 3 l
nm 1 7 21 23 |
2 o 23 T l
3 T4 17 20 |
5 11145 2114 2
2 12 2414 31
3 11 234 2714
Vo1 ) 2715 224 |
2 10 1% 26
3 O 27 31 |
¥l 1814 a1 42
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¢ in accuracy score between Repry
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B, but the difference between oy
- {out of a possible 20 5s) is ne
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TABLE §

E REQUIRED To MEMORIZE STIMULL
ExrErRIMENT [1
vt number of seconds elapsing between
sntation of stimuli and 5's sorting of
perceptual stimulug cards)

1 Perceptual Representation
A [ C
it {Instrib-  (Distributed:
(Compact} uted: same  different
| values) values)
2 1 3
! 1 5 4
: 1 414 }
L 7 23
b 9 25 27
b Tla 7 20
I 11k 21 14 21
2 12 24 L 31
i 11 235 271y
I 2 2TLg 22
2z 14 149 20
3 9 2714 31
1814 al 12
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The difference between the perceptual
represeniation in compact form (A) and
that distributed over three figures (B and
) 18 summarized graphically in Figure 11,
The differentiation between types of classi-
fications will be seen to be more marked in
the cazse of the distributed Representations B
and C than in the case of the compact Rep-
resenfation A,

Analysis was made of performance when
the same task was carried out during the
first, second, and third portions of the fest-
ng eyele. No significant improvement was
found attributable to prior experience with
the problems presented in other perceptual
representations,  Similarly, no improvement

REPRESEMTATION BLC

REFAESCWTATION &
IDISTRIBUTED STIMULLY

(COMPACT STkl

Iooe Emc(
| "
i
an 1 80r
=
o L
e 3] He
e |
] 1 A o
0L @
[y 3': 40
(: ol
i G
k - |
£ oo & zor
o | ¥
L [l 0 |
[ G ol ) I
’ R O O 31

TYPRE QOF CLASSFICATION

.]I-.'I. 1L I"L'rt:m_un[.{ct -r?-F S .zssi{;qir:g :-:ll_r_m]i tea
-fJ_r‘ ot category for various types of claszzifications
¥ith compact (A) and distributed (B and C) per-
ceplual representations,

19

on successive problems within a particular
kkind of representation was found,
Relationship between difficulty of formu
lation of rules and of memorization. The
data presented in Table 3 were correlated
with the corresponding results in Table 4 to
determine the relationship between the ex-
tent to which the simplest rule was formu-
lated in the first task and the accuracy of
sorting from memory in the second task., A
correlation was computed for 39 entries; ie.,
for the 13 pairs of values for each of the
three perceptual representations. The corre-
lation was .90 and the regression was linear,
This appears to indicate that a commen factor
15 responsible for the increase in difficulty of
rule formulation and of memorization,

ExpERIMENT IT1

It might be contended that the differentin-
tion in memory scores for the various classi-
fications of stimuli in Experiment IT was at-
tributable to the prior experience of formu-
lating rules for classifying these stimuli, As
a check on this possibility the memarization
task alone was repeated with a new group of
&5 having no prior experience in formulating
rules for classifications, Otherwise, essen-
tially the same procedures were nused.

Method

The procedures Tor the memorization task were
identical to those described for Experiment 1T ex-
cepl that all six types of classifications (including
IV) were emploved. Two sets of Types I, 1L ]]'_1:
IV, and WV and one of Type VI were memorized
by each 5 The three perceptual representations
illustrated in Figure 8 were again ueed,

T

s 55 were 26 students Trom the elementary
pavchelogy course ar the University of Bridgeport,

Fesults

Data concerning accuracy in memorization
of the six types of classifications are given
in Table 6. Corresponding results on time
required to memorize the classifications are
presented in Table 7. The increase in diffi-
culty with increased complexity of type of
classification is again evident. Type I was
the easiest to memorize, Type II was next.
and Type V1 was the most difficult. As he-
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TABLE &

ACCURACY IN SORTING FROM MEMORY:
ExrerivMeNT I11
(Percentape of Ss correctly azsipning stimuli from
TEMOrY)

Prohlem Perceptual Fepresentation
A [ C
Tvpe Set {Dratrib=  (Dhistributed:
(Compact) oted: same  different
valies) vialues)
I 1 Oy 89 141}
2 8% a2 160
I 1 81 62 54
2 96 54 42
I11 i 62 30 dts
2 | 55 54 23
IV i 35 =11 42
65 i3 i
" 1 SiH a7 38
2 73 42 38
V1 L) 23 31

fore, the greatest accuracy on Type I was
achieved with the distributed Representa-
tion . The decrease in accuracy with in-
creased complexity was quite gradual for the
compact Representation A bul was more
pronounced with the two distributed Repre-
sentations B and C*" Clearly, prior practice
is not the explanation for the relationship
between complexity of classification and ac-
curacy in memorization since the results are
remarkably similar to those in Experiment
[1. The only appreciable effect of prior ex-
perience with the task of formulating rules
appears to be a reduction in the time ex-
pended in memorizing Type T classifications,

19 The differences between perceplual represents-
tions and the difference between types of classi
tions are both significant at the 001 level according
to the chi square analysiz (the ose of which was
deseribed and justified for these kinds of data in
Footmote ).

Discussion or Emrirical Resurys

We shall now try to summarize ﬂn{i'.ﬁ
together the results of the three eXperimeniin
which have just been described in ;1@:&1]]_ W
to relate these results to those {]hfi‘litlm[”{
earlier investigations of the learning of olye
sifications, .-"'L_ central feature of the L.hi_'-‘"'"
present experiments is that they a1|_-fm'I;t':x‘
svstematic exploration of the effect of ﬂ] 31
structure of a classification upon the i
culty of learning or remembering that class
fication. The classifications were always couk
structed by dividing eight stimuli into fi
groups of four. Moreover, each stimyly
.‘L]wnya took on one of two highly d[sfg,.i,ﬂi'l-{{é‘%
able values on each of three dimensions, Tl
structure of each classification was 'C!L'ﬁi'le:ﬁ
therefore, in terms of the way in which it
membership (in one of the two classes) n-i«-:.;.
each stimulus could be specified in terns afe
the dimensions and values of the stimuli, Ty

|
il

TABLE 7

ik

Trve Ragriren to MeMorizE STIMULL:
ExpreRiMeNT 111 3

(Median number of seconds elapsing between

presentation of stimuli and 5s sorting of 08
atimulus cards) ;

Problem Perceptual Representation I |
A B C ‘
Ivpe Set _ {Diereib-  (DHstribatedss |
iCompact] uted: same  different 8 )
values) values} S0
I 1 114 1115 1214 i
2 5 11 7 :
I1 l Q 20 23
» 9 2314 |
IT1 1 1214 24 M |
2 11 25 21 i
v o1 16 24 2014 |
2 13 22 21 .
1 I.
Y | 16 12la 24 [
2 13 24 2314 |
VI 19 23lg i
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addition to the structure of the classification,
powever, certain other features were also
garied.  These primarily concerned {a)
whether the task was designed to measure
lenrning during successive presentation of
gimuli {constructed from pictures of con-
crete objects), or whether it was desipned
to measure retention after simultaneous pre-
gentation of stimuli {constructed from ab
stract geometrical fipures); (&) whether the
three dimensions were confined to a single
pompact figure, or spread out over three
spatially  distributed figures; and (¢
whether 8 was confronted with a problem
for the first time, or after mastering several
gther problems of the same kind. We turn,
now, to & consideration of some of the major
results of these variations and their relation
to the results of earlier investigations,

fnitiel Difficultics of the Six Typer

Fipure 12 summarizes the resulis of the
three experiments on how the structure of a
classification affects its initial difficulty {i.e.,
when the learning or memorization of the
classification was not immediately preceded
by the learning or memorization of another
classification of the same structural typel,
As can be seen, the ranking of the six struc-
tural tvpes iz the same in every case:
mamely, T < IT <= (11T, TV, V) < VI
[with III, IV, and V about equal in diffs-
culty), This ranking apparently holds up,
then, whether a memory or learning task is
wsed; whether the stimuli are abstract or
concerete, compact ar distributed: or whether
difficulty is measured by the time Ss take to
sludy a classification or by the number of
errors they subsequently male during recall
of that classification. Thus the abstract
structure of a classification {as represented
by the six basic types) seems to be an im-
portant determiner of its difficulty,

Many kinds of problems uzsed in the study
of concept learning resemble those originally
i!]"r"l'_"'-iL:-I;-_‘lil,Ll.:'{] by Hull {1920% in that mastery
of one of these problems can be achieved
stimply by discovering which of the several
variable properties of the stimuli is the one
that determines which response will be cor-
All such problems correspond most

reck,

closely to what we have termed "Type T clas-
sifications.” This is true even when the rele-
vant information is carried in a completely
redundant fashion by more than one dimen-
sion of the stimuli (as in the experiment by
Bourne & Haygood, 1959), since simul-
taneous attention to two or more dimensions
is never required. However, other studies of
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i, 12, Compatison of the difficulties of the
six lypes of classifications for three different ex-
mentz and twe kinds of measures of difficulty,
i The data from Esxperiment T are restricted 1o the
numbers of errors made during the learning of only
the first problem of each tvpe in order to malke the
reaulis from this experiment comparable with those
trom Experiments 1T and T The data from Ex-
periments IT and IIT : d over the three

udied in those experi-
ments—viz,, C. To facilitate comparison
among the five sets of difficulty scores, they were
all brovght inle the same range by lincarly trans-
forming each set of scores so as 1o bave the same
mean amd variance as the other four sels of scores,
Hence the size of the units and the location of the
zero points are arbitrary for each set. Finally, the
resuits for Experiment T are placed next to the
results for Experiment 11T so that the position of
Twpe [V—not included in Experiment TT—can more
readily he compared. )
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concept learning, particularly those con-
cerned with conjunctive and disjunctive con-
cepts {e.g., Bruner, Goodnow, & Austin,
1956; Hovland & "."L- eiss, 1953), have come
closer to our more complicated types of clas-
sifications.

Of particular interest in the present con-
nection are two other studies, one by 5. L,
Smith (1954% and one by Lise Wallach
{in press). The three types of classifications
investgated by Wallach corresponded to our
Types I, 11, and VI. Wallach also used two
kinds of stimuli, For the kind that most
closely approximated those used in the
present experiments she obtained the same
ranking—i.e., (in our notation) [ < II
VI. The rt.:\uiLb obtained by Wallach for her
second—and rather different—Lkind of stim-
uli will be considered later. Smith's experi-
ment differed from ours {and Wallach’s) in
that the stimuli varied along four {instead
of three) dimensions and, consequently, in
that there were 16 (instead of 8) stimuli.
Nevertheless, if one of the irrelevant dimen-
sions is disregarded, three of Smith’s condi-
tions correspond to our Types [, 1T, and V1.
With this interpretation, his results were
alzo consistent with ours; for again, I < [l

{ However both Smith and Wallach
stated that the differences found by them
between the two more difficult types were
not statistically significant.} Another condi
tion included by Smith differed from those
just mentioned in that none of the four
dimensions was irrelevant. This condition
was the four-dimensional analog of our
three-dimensional Type V1 condition and, in
line with our results, was still more ditheult
than the three conditions just considered,

In contrast to all of these classification
problems {referred to by Smith as “struc-
tured” problems), Smith (like Metzger,
1558) also included a classification problem
characterized by him as “random.” In this
condition the 8 stimuli to be associated with
one of the two responses were selected from
the 16 stimuli at random rather than on the
basis of the dimensions and values of the
stimuli, However, our analysis of types of
classifications makes clear that every classi-
fication has some structure or other. For ex-
ample, if our eight stimuli were divided into

I. HOVLAND, axn 1T, M.

JENKINS

two equal classes at random, the probabilif,:
i5 0.8 that the resulting random d.w\lfu_atu,n
would really be a J}n[* 1T, IV, or V clageje
fication, For, of the 70 c'|1£~lmn;1 classificg.
tions, just 56 happen to be of one of theg
three types. The classification that Smy
labeled random was thereiore probably ope
af the many four-dimensional types that ape
roughly analogous to our three-dimensiona|
Types 11T, TV, and V. (A table of thess
four -lluuummml tvpes has been compiled by
Moore and is presented by Hironnet &
Grea, 1958 Thus the word “random” can
only be interpreted as referring to the v”n}
in which the classification was penerated;

cannot properly be regarded as tiu'lnrmg a
property of the classification itself. Tndeed
for every tvpe of classification {including,
therefore, any penerated at random) the 8%
in the present experiments were often ahie
to dizcover some kind of simplifying rule gp
regularity in the classification, Surprisingly,
Smith's 55 made
random cl;

even more errors on his
than on his four-
dimensional analogous of our Type VI clas,
sification,

yasifications

In peneral, though, the present resully
agree with those of Smith (1954), Wallach
(in press), French (1953), and others inm
showing that a classification is easier to learn

and remember when it is related in a simple
way lo the dimensions and values of the stim-
|.1|] 'l""ll. \1|-|'||.|.|| '.';l,'l:."ll‘;-_"‘ <||I'_'l]]:_"‘ il 1:|'|'(,"|] um-
ber of dimensions, the easiest classification is
the one in which the value on a single dimen-
sion completely determines which of the two
classificatory responses is appropriate, The
present results, as well those of Smith
and of Wallach, show that the initial Jiff-
culty of a classification monotonically in-
creazes beyond that of this easiest classifica-
tion as the values on more and more dimen-
s1m1s must be taleen into account.® A similar

'0n the present experiments there s a complele

confounding of the mumber of relevant and the
number of dirnensions such that, when
SVER DIE 0 sed, the other necessarily decreased,
Thiz i3 a consequence of the facts that there
alwavs the same number of varable
(viz,, three) and that the dimensions were
redundant in the that every possible combis
mation of values on these dimensions ocoureed with
the same probability. [t is only for these conditions

relevant
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result was apparently also found in another
unpublished experiment by Walker (referred
to by Dourne & Haypood, 1959). On the
pther hand, the present results go beyond
those that have previously been reported in
that they are based on the first complete
sampling of the possible types of classifica-
tions. The three new types to which atten-
gon has been called by this sampling (viz,,
(1, IV, and V) complete the over-all pat-
tern; they are apparently intermediate be-
tweent Types 1T and VI both in terms of the
pumber of dimensions that must be attended
to simultanecusly and in terms of the diffi-
culty of the classification.

Effect of the Physical Kepresentation of the
Dimensdons

Although the diverse kinds of stimuli used
in the present experiments all led to the
sane ranking of the six types of classifica-
Hons with respect to diffieulty, they did have
an appreciable effect upon the absolute level
of difficulty of specific types. The
prominent difference appears to be between
the distributed stimuli { Representations B
and C in Experiments 1L and [1T), in which
the three dimensions were presented as vard
ations in three spatially separated figures,
and the compacet stimuli { Representation A,
i which the three dimensions were pre-

mosl

towe propose the above peoeralization: pamely,

the difficulty of a classification increases with
the number of relevant dimensions Cand, therefore,
reases with the nomber of irrelevanmt dimen-
If further dimensiens were addsd moocder
o achicve ndependence of the number af relevant
wrrelevant  dimensions, the expected  resule
il be quite different, In particular, i the nma-
fer of nonredundant and relevant dimensions wepe
held eonstant while further dimensions were added,
the difficulty of a classiication would prezumably
thasge in cither of two possible ways depending
npon the relevance and redundaney of these new
the added dimensions were irrelevant
fo the elassiication, the difficulty should nercase
[Archer, Bonrme, & Brown, 1935; Bourne & Hay-
19507 ; but, if the dirnensions  were
tompletely redundant with the original dimengions
and therefore relevant, the difficulty should decrease
for simple classifications  (Bourne & Havpood,
A5 and, apparently, rease for more complex
chssifications { Bricker, 19557,

LlnE Y |

dimenzsions ;

gond, acdided
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sented as three kinds of variations in the
same fgure. The results show that the more
difficult types of classifications (T1-VI) be-
come still more difficult when the stimuli are
changed from the compact to the distributed
form. Types 1T and V1 seem to be the most
strongly affected by such a change, Type 1,
on the other hand, is almost uninfluenced ‘rw
this change. Indeed, what little effect there
may be on thiz easiest type of classification
appears to he the opposite direction.
( Note, particularly, the differences between
RI_‘F]IL*‘-l‘!t1rll1[J'[‘JH A and C for this tvpe in
Tables 6 and 7.3 )

The experiment by Wallach (in press)
seems 1o have some bearing on these results,
Of the two kinds of stimuli used in her ex-
periment, one closely resembled our Repre
sentation C (in Experiments 11 and LIT}).
The only difference was that the two alterna-
tive fipures that could occur in each of the
three spatial positions of a stimulus were gii-
ple nonsense figures (composed of curved
lines) rather than conventinnal Fenmetrical
figures. As we have already observed, Wal-
lach's results for these stimuli were consistent
with ours. The second kind of stimuli uzed by
W ']].dL!l maore closely resembled our compact
Representation A in that the curved lines
constiluting the values on each dimension
were all combined into a single, more com-

i

plex nonsense figure. However, this com-
Pact reprezentation was quite different from
curs an that the values on each of the three

dimensions merged into one another in such
a way as to lose their identities as distinet,
perceptually properties.  Conse-
quently, as Wallach remarked, these stimuli
tended to be reacted to as unique wholes
rather than analyzed into separate dimen-
sioms and values, i

1solated

found
in the difficulties of
fications investigated,
Moreaver all three were -~I'=>‘1'II|_L<'|]]1]", I0re
difficult than the casiest dml significantly less
difficult than the hardest classification with
distributed ‘*wmlt v (1934) also
found that, when the relevant dimensions of
the stimuli were made maore obscure, the dif
ferences in the difficulties of different class-
hecations tended to disappear.

For these stimuli she
no significant differences
the three types of classi

stimuli,
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In any case the present results together
with those of Wallach suggest the following
generalization: As the representation of the
dimensions in the stimuli is made more com-
pact, the differences in the difficulties of the
various types of classifications are de-
creased. If the dimensions remain perceptu-
ally distinct, this compression in the varia-
tion in difficulty s primarily attributable to
a disproportionate decrease in difficulty of
the initially more diffienit types. Dut, if the
dimensions merge and become perceptually
indistinct, the initially easier types become
more difficult and, in the extreme case, all
types of classifications approach the same
intermediate Tevel of difficulty.

Transfer of Classt fication Learning

[ all three of the present experiments {as
well as in that of Smith) each S went
through several different problems in succes-
sion. However, the conditions of the various
experiments differed in two respects: prob
lems of the same basic type were either pre-
sented consecutively in clearly demarcated
blocks or else intermixed at random with
other problems of different types; training
on each problem was either carried to a high
level of mastery on each problem before
proceeding to the next or else terminated
after one exposure to the set of stimuli
These variations in conditions apparently in-
Nuenced the extent to which the learning of
one problem transferred to the next. When
a high level of mastery was not required and
when similar  problems  were  scattered
throughout the entire series (as in Experi-
ments 1T and TIT}, there was no syastematic
improvement 1o periormance  over  that
series. But, when a high level of mastery
goas required (az in Experiment [ and the
earlier experiment by Smith), fewer errors
were made on the problems toward the end
of the
statistically significant only in the experi-
ment by Smith.) Tinally, when both a high
tevel of mastery was required and, also,
problems of the same tvpe were presented
consecutively, the positive transfer from one

[ However, this trend was

SErles.

problem to another of the same tvpe was

quite proncunced (as shown by the error

curve in Fipure 7 of Experiment 1), 1 'heses
results appear to be consistent with the cop.
clusions of Morrisett and Hovland (1959
They presented evidence that, in order 15
realize positive transfer, it iz not sufficient
simply to have a wide variety of problems: jt
i3 also necessary to achieve a high level of
mastery on each problem. The greates
amount of training insured by the learing
tasks (as opposed to the memorn zat'm:l
tasks) as well as the grouping together of
problems of the same type presumably re.
sulted in a greater mastery of the problems
and prablem types.

Previously reported experiments on clas.
sification learning have not usually been spe-
cifically concerned with transfer from one
classification problem to another of the samg
type, Tixperiment I therefore provides new
information about changes that occur in the
ranking of the difficulties of the differen
types of classifications when several prob-
lems of the same type are learned in succes-
sion, The most striking finding, here, is that
Type VI {which is initially the most diff-
cult) also accumulates the greatest positive
transfer with continued practice. As a con-
sequence, after two or three problems in
which the stimuli are changed but the type of
classification remains the same, Type VI be-

types (evidently TIT, TV, and V). This indi-
cates that an exclusive focus on the initial
level of difficulty of each type of classifica-
Hon can be misleading.

TreoxETIcAan TDISCTISSINN

We now examine some of the principles
that have been adduced to account for phe-
nomena of rote learning and coneept forma-
tiort, The main objective will be to evaluate
the ability of these principles to account for
the resultz of the present experiments. Pri-
mary among these results is the finding that,
when they are initially encountered, the six
tvpes of classifications consistently differ in
difficulty ording to the ranking I < 11 <
(11T, TV, V) = VI. There are also certain
seeondary  results, though,

In particular,
when several problems of the same type are
learned in succession, Type V1 realizes by
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far the greatest within-type positive trans-
fer; and, when the relevant dimensions are
distributed over spatially separated figures
{rather than combined as different .1;1!CLL-.
of a "‘\ll!E{r{‘ figure), the difficult types of clas-
sifications l:-nr.'. ome still more difficult.

come of the principles that have previ
ously been proposed pertain more to the
nature of the individual stimuli than to the
structure of the classtfication and, so, do not
by themselves yield definite predictions for
the primary result of the |>1':ts::n‘.' study ({iLe,
the ranking of the six types). It is for this
reason that we omit discussion, for example,
of Heidbreder's (1946, 1947) principle of
depree of “thing-character™ of the stimuli,
[n connection with this particular principle,
morenver, Baum (19534) has indicated that
some of the results of Heidbreder's widely
known studies may be derivable from a prin-
ciple of stimulus generalization, to which we
now Larn.

Stimulus Generalizalion

A number of investigators have been at:
tracted by the possibility that the apparently
eomplex  phenomena of concept  learning
might be largely understood in terms of the
maore elementary phenomena of rote learn-
ing. The tmportance of the phenomenon of
stimulus generalization has been repeatedly

emphasized in this regard [ Baum, 1954;
Buss, 1950: French, 1953; Gibson, 1940:
Newiman, 1‘}56' Oseas & TTnderwood,

1352)." Baum's statement of this +i lewpoint
is perhaps the most incisive, From the prin-
ciple of stimulus generalization, as applied to
verbal learning by Gibson (19400, she de-
duces that the diffic ulty of learning a classi-
ficatiom should increase as the ..-Jnmh that
are assigned to different classes are chosen
e be less discriminable or as the stimuli that
are assipned to the same class are chosen to
be more dizcriminable, Certainly this prin-

i e i
e term

neralization” has been used o
refer to yarious things, including an inductive in-
ference as to what characterizes the class of stimuli
to which a certain response can he appropriately
extended, Howewver, the {emm iz used hiere only in
the narrow senge of a primitive or aniematie tend-
eey to confuse similar stimuli durng learning.

MEMORIZATION OF CLASSIFIC
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ciple seems
that it

to account for the obvious fact
is casier {o learn to classify four dif-
ferend horses as A's and four differer nt dogs
as B's than to classify two of the dops and
twn r:[' the horses as A's and the remaining
bwo horses and two dogs as B's. For horses
are more dizeriminable from dogs than are
horses {rom horses ar dogs from dogs,
Moreover, if we assume that I.J.'I‘-.{‘]'II'II:I'I'|<|1]|1I11.
of two stimuli is greater when the v have
fewer properiies in common, we can make
the ']:ik.]l\.l]”!! [confirmed 1|1' our :*.u'm il
results) that a Type VI classification will be
more difficnlt to learn than a Type I. For,
wheteas the average number of properties
shared ]I_'\_v' two stimuli that are classified tno
-'rﬂ"r--:r is L7 for Type T classifications, it is
only 1.0 for I"r:-r* VI (zee the cubical rep-
resentations in Fi igre 3}, However, we can-
not make a quantitative prediction of the
difficulty of each of the six tvpes unless we
have some additional information about how
the amount

of pencralization between two
stimuli depends upon the number of prop-
erties that | they have in common,

The strong interprelation of the principle
of stimulus gencralization for -:'.-rﬂ.m feation
fearning. Central to the principle of stim-
ulus generalization iz the that the
over-all diffieulty of a task is compounded
primarily from the confusions of individoal
pairs af stimuli,

notion

From this standpoint, then,
the total number of errors made during the
|.~:L"I'-|'L1|'I"
hould be predi
1ET

learning of a classification of
able from a knowl-
of the pair-wise confusions be-
stimuli, But just this nowledre
be obtained from
on identification learning: ie.,
ments in which a different response is asso-
ciated with each of the stimuli (Shepard,
1958b%. Thus, ret the principle
imulug generalization to mean that the
total number of times that two stimuli will
is the same for |

zlimul:

cipe mer
tween these
can readily experiments
from experi

if we interp

he confused
learning as

Jassification
for identification "f'<'|1"=i|1erl we

can predict the total number of errors for

any particular clazsification as follows: First
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Then, the number of times each of the stim-
uli leads to the response assigned to each of
the other stimuli is tabulated in the appropri-
ate cell of an N N matrix, A number in
any off-diagonal cell of this malrix can be
interpreted as the number of times the cor-
responding pair of stimuli were confused
prior to reaching criterion. MNow, during
classification learning, the confusion of two
stimuli that are assigned to the same re-
sponse will not result in an overt error.
Thus not all errors of identification will
lead to errors of classification. In fact, in
arder to predict the total number of errors
lo be expected for any particular classifica-
tion, one simply strilees out the numbers in
each cell of the matrix that correspond to a
pair of stimuli assigned to the same re-
sponse, and sums the remaining off-diagonal
entries. The predicted number of errors will
in general be different for different classi-
fications (even thouph the same matrix is
used ) because different entries are included
in each sum.

The basiz for this method of prediction
will be referred to as “the strong interpreta
tion of the principle of stimulus generaliza-
tion in classification learning’ in order Lo
distinguish it from less quantitative formu-
lations, such as that proposed by Baum,
This “strong interpretation” is essentially an
extension to classification learning of the
mathematical formulation of geperalization
already proposed for identification learning
by Shepard (1957). Tor, according to that
earlier formulation, the confusions between
stimuli resulting from stimulus generaliza-
tion do not depend upon how the responses
have been assigned to the stimuli,'® There
iz, however, one other implication of that

t learning the fol-
hetter 1 Given that
t responses, the

1% In the case of classif
lowing assumption iz probal
twr stimuli are assipned to dific
number of confusions between thoze stimuali is inde
ent of otler of the assignment, Owing
to the absence of ceeittial  ceinforcement, the
number of confustons helween two stimmli might be
much greater 1f they were as e o the smne
response than if they were assigned to different
responses, The possilility of a much preater num-
ber of confusions between stimull azzigned o the
same respoase ralses no problem for the present
analysis, however, siice such confusions are pot
abservable anyway,

formulation that should be carried over g
the present situation: In order to minimizg
the contribution of confusions between ks
responses to the matrix obtained dl:ring
identification learning, the identification re-
sponses should be chosen to be as distinetive
as possible and should be paired with the
stimuli according to a different assignment
for each §.

The test of the strong interpretation e
comes particularly simple in cases like the
present one, for which differences along each
of the three dimensions of the stimuli are
chosen to be about equally discriminahle
We then simply determine the average num-
ber of confusions made during identificatinng
learning for pairs of stimuli with two, one,
or zéro values in common along the three
variable dimensions, These three numbers
{desipnated s, 1y, and #,) constitute a ldnd
of gradient of generalization.  (However
this gradient differs from the usual kind in
that the independent variable is number of
comman properties rather than separation
along a single physical continuum.) Now for
any one of the six types of classifications,
exnctly 16 of the 28 possible pairs of stimuli
will satisiy the condition that one stimulus
of the pair is assigned to one response and
the other stimulus to the other response,
From an inspection of the appropriate cube
i Figure 3 we can determine, for each type
of classification, how many of these 16
between-class pairs have two, one, or zero
properties in common, {For example, these
three numbers are 4, 8, 4 for a Type 1 and
12, 0, 4 for a Type VI classification.) We
can then calculate the total number of eon-
fusions expected for each type of classifica-
lion by summing the expected number of
confusions for each between-class pair. The
appropriate formulas are given, in terms of
the gradient {#., #., #e) obtained from iden-
tification learning, in Table &

Method of testing the strong interprelo-
tion. In order to gauge the extent to which
this interpretation of the principle of stim
ulus generalization can account for our re-
sults, we first estimated the average values
of the three numbers sy, #,, and #, from the
identification problems in Experiment T and,
then, determined whether the substitution
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TABLE 8

ForMULAS FOR PREDICTING THE NUMBER OF ERRORS
o Eachn TyreE or CLASSIFICATION ON THE
Basis oF STIMULUS GENERALIZATION

the
of errors

Formula for
predicted number

Type of
classification

I | dns + By 4
1T | Brs ++ Suy -+ Ong
111 Grs + Bmy + 2y
IV Gy = Gy -+ dny
kY Bua + Omy L 2y
Vi 12ns + O0m +— 0o

of these three numbers into the formulas n
Table & yielded predictions that conformed
th the number of errors actually made
during the learning of classifications of each
of the six types. To begin with, we consider
pnly predictions to the first classification to
be learned of each type. {The case of the
later problems, which is complicated by the
differential within-tvpe transfer, will be con-
sidered later.) Therefare, since the predic
fion 1= to the first problem of each type only,
the numbers g, 11, and #, were taken from
the first identification problem also.  [n-
fortunately, sinee the first identification
problem always preceded the classification
problems, this prediction might be system-
atically hiased in the direction of overesti
mating the number of errors for all types of
classifications.  However, such an overesti-
mation should affect all tvpes equally and,
hence, should not interfere with the predic-
tion of the relative spacing of the six types
with respect to difficully.

Results of the test. The number of con-
fusions between stimuli during identification
learming  decreased on the average as the
number of properties they had in common
decreased, The actual numbers, s., 2, and
obtained from the first identification
problem were 5.03, 279, and 217, respec-
tyvely, These numbers therefore conform to
the kind of monotonically decreasing gradi-
ent of peneralization typically found in stud.
ies of generalization during identification
learning (e.g., see Shepard, 1958a, p. 246).
Sinee generalization seems to have operated

H
L5
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in the expected manner in the identification
problem, then, the conditions are appropriate
for the test of whether the prediction to the
classification problems is also successful. In
Figure 13 the number of errors actually
made on the first classification problem of
each type is plotted against the number of
errors predicted from the previously ob-
tained gradient, #e, 1y, sy {and the formulas
in Table 8). In contrast to the agreement
with our expectations for identification
learning, the prediction to  classification
learning clearly failed. The predicted num-
hers of errors were loo greal for all except
perhaps Type VI; the amount of variation
between the predicted numbers of errors
was strikingly smaller than the amount of
variation between the actual numbers; and,
finally, the predicted ranlking of the diffi-
culties of the six tvpes was itseli incorrect,
{Note that, although I and VI were cor-
rectly predicted to be the easiest and most
difficult classifications, 1T was erroneously
predicied to be next to VI rather than nex
to | in difficulty.) The faclt that the first
identification problem always preceded the

T0=

G-

S0

ERVED NUMBER OF ERRORS

40—
A0 =]
]
i
L]
20—
10+ ©)
= N 1 T T T T =
13 20 30 40 S0 ad To
PREDICTED HUMSER OF ERRORS
Fic. 13, Mean number of errors made when each

trpe of classifeation was learned for the first time,
plotted against the number of errors predicted from
the gradient (memime) oltained during identifica-
tion learning, (The departure of the six points
from the 43-degree ling represents a predictive
failure of the strang interpretation of the principle
of stimulus generalization in classi

wcation lesarning,)
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first classification problem might in part ac-
count for the first kind of failure of the
prediction, but it presumably could not ac-
comnt for the remaining two. The resulls of
the test seem clear then; the strong interpre
tation of the principle of generalization can-
not by itself zcecount for the difficulties of
the different types of classifications,

Testy of o weaker interpretation. Of
course one could object that the strong inter-
pretation of the principle of generalization is
toep stringent. In particular, one might argue
that the gradient of generalization is not
fixed but, rather, changes in some systematic
way when the experiment is converted from
one on identification learning to one on clas
sification learning, However, contrary lo
this argument it can be demonstrated that
every possible gradient that mirht be as-
sumed leads to an incorrect prediction, The
demonstration proceeds as follows: Tirst,
since the gradient consists of just three
numbers (aa, 5y, #a), any possible gradient
is uniquely representable as a point in the
b+ oetant of the three-dimensional Fu-
clidean space with Cartesian coordinates s,
iy, and n,. Moreover, according to the for
mulas in Table & multiplication of the three
numbers of a gradient by the same constant
affects the prediction only of the absolite
number of errors, but not the relative spac-
ing among the six types. For purposes of
predicting only the relative spacing, then,
we can restrict consideration to the set of
normalized gradients for which sy + 2y o,

1. Each such gradient is represented by
a point on the triangular plane with vertices
at the points (1,0,07, (0, 1,0}, and {0, 0, 1}
as illustrated in Figure 14 The {riangular
region 15 partitioned in the figure to show
what the geneval shape of the gradient is
Far various subregions of the total triangle.
( Tor example, all monotonically decreasing
gradicnts can be seen to fall in two triangu-
lar sectors on the left of the total friangle.’
The point of interzection of all the triangu-
lar sectors at the center corresponds to the
fAat pradient with s = 4 = 50 = L,

Naow to each point in the triangular space
of normalized gradients there corresponds
a prediction of the relative difficulty of each
of the six types that can be directly deter-

mined simply by substituting the three num.
bers for that point (#a, ny, ) Into the sy
formulas in Table 8. This space can there.
fore be systematically explored to e
whether any gradient exists that yields the
correct ranking of the six types. Figure 15
summarizes the results of this exploration
{ The triangle exhibited there is the same g
the one illustrated in Figure 14 but, for eon.
venience, i3 now presented as normal to the
line of regard.) This triangular space ix
partitioned into sectors within which the
same ranking holds (although the relative
spacing of the bypes changes continuous)y
irom one point to another within any see-
tor}. Dor gradients falling on any boundary
line separating two adjacent sectors, the
predicted ranking contains a tie. Such a tis
is always between those tvpes that changa
rank orders in moving from one sector to
the other. All six types are therefore tied at
the central point of intersection of all boun-
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that divide the triangular space of possible gradi
EOES 100 reELons winch the szme ranking
liealels. )
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The first thing to note is that, although
there are (612° or 23,040 possible rankings
of the six types (including ties), only 16 +
16 < 1 or 33 of these can be generated by
varying the shape of the gradient of peneral-
ization. There is therefore a real question
as to whether there exists a gradient that
will malke the correct prediction. This ques-
tion must be answered negatively, however,
for at no point in the triangle does the rank-
ing I < 1T < (ITT, TV, V) < VI occur.
The only close approximation is near the
bottom  of the central vertical boundary
where the ranking is (I, II, TII) < (IV,
V1 <2 VI. Baut this ranking clearly departs
from the empirical pattern exhibited in Fig.
ure 12, Moreover it requires an implausible
gradient in which stimuli that do not have
the same wvalue on any of the three dimen-
sions are econfused more frequently than
stimuli that do have one common value (see
Figure 143,

The attempt to account for performance
m a classification task in terms of the prin-
viple of generalization alone also fails in
another way, For, although this principle is
not necessarily inconsistent with a peneral
Improvement in performance on successive
problems, it does not seem capable of ac
counting for any variations {from one type
o another) in the amount of within-type
transfer. Thus, not only the initial ranking,

but also the subsequent shift (shown in
Figure 6) to the different ranking with V1
< (III, IV, V) is inexplicable on the basis
af this principle.

) lf.i:;;-:' reasan for the failure of the general
tzation principle. The fact that the strong
interpretation of the principle of :;Limufu:'
;;_c*.marulizm:irm vielded a reasonahle predic
tion of difficulty only for Type VI {see Fig-
ure 13) suggests that the most serious .%ILIJIE;-
E:nming of the generalization theory is that
11. does not provide for a process of abstrae.
tion {or selective attention), The areument
runs as follows: Tna Type I u_'].'1.¢isi[it‘.l.’zl'iun 5
notices that the values on ene of the three
diunensions are highly correlated with the
classificatory responses. That one dimension
then becomes the focus of 5% attention. The
stimuli of the between-class pairs will still
have properties in common; but, since all of
these shared properties are on the now un
attended  dimensions, they will no longe
mediale generalization to the same extent as
in identification learning {where, in order to
respond correctly, S must attend to all three
dimensions). By abstracting the relevant
dimension, then, 5 might keep the total
number of errors in a Tvpe T classification
well below that predicted from the peneral-
ization theory. A similar argument can he
developed for Type IT and, in a slightly
modified form, for Types II1, 1V, and V.
In Type VI, however, there is no Oppor-
tunity for abstraction in this sense; for, in
order to respond correctly in a Type VI
problem, S must take account of all three
dimensions {just as in identification learn-
ing). Figpure 13 sugrests that, when this
kind of abstraction is precluded, the general-
ization theory alone may account for the
initial difficulty of a classification. Further
support for this distinetion hetween reneral-
ization (or st I

imulus confusion) and abstrac-
tion {or selective attention) will be presented
when we come to the discussion of indi-
vidual differences. We shall also argue that
the marked positive transfer observed within
a series of Type VI problems is evidence for
a somewhat different kind of abstractive
process,  Meanwhile, however, we need to
examine some notions that might be thought
to account for the simple abstraction of—ar
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relevant dimensions
finder & Feldman,

selective altention to
of the stimuli {cf. also
1960, pp. 15-22),

Condifioning of Cucs

Followmng the explanatory successes of
certain theoretical notions introduced par-
Leularly by Estes { 19530, 19556 ), many learn-
ing theorists are now predisposed to regard
it stimulus as a collection of elements or cues
each of which can separately become condi-
tioned to a response, The application of this
1dea to the learning of classifications seems
at first rather straightforward. In a given
Type I classification, for example, Response
A might alwayvs be reinforced in the pres-
ence of the cue black but never in the pres-
ence of the cue white. Conversely Response
I would always be reinforced in the presence
of the cue white but never in the presence of
the cue black. Heowever both responses
would be reinforced just half of the time in
the presence of each of the other cues: large,
small, triangular, circular. In this way we
are apparently provided with an asccount of
how Response A comes to be associated with
the black stimuli and Kesponse B with the

white stimull regardless of their size and
shape,
Furthermaore, as pointed out by Bush and

Mosteller (1951, this kind of theory might
even subsume the principle of stimulus gen-
eralization, In particular, since the prob-
ability that a response will be made to a
givenn stimulus 15 penerally assumed to he
equal to the fraction of the cues {in the
given stimulus) that has been conditioned
to that response, the probability r)f a re-
sponse that has been condiioned to a par-
ticular stimulus shoold fall off hnn;u-- for
stimili that have two, one, and zera ]J1u|:-r|'
ties in common with that stimulus. And, a3
we shall mdicate later, although most of the
generalization  gradients actually  oblained
from the identification condition were some
what concave upward, many were nearly
linear, .

A closer examination, though, reveals that
the performance of 55 who behaved in ac
cordance with this theory could never ap
proach the degree of acouracy that iz empir-

FEOWVLANI, amn H,
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ically ohserved,
above

In the example considereq
{in which only the cues of color are
1:]1*1.111{ to the classification) the presence of

size and shape cues, half of which are aly. ays
conditioned to the WIONE TESPonse, must in-
fluence Ss to respond incorrectly to a syhe
stantial fraction of the presentations » rerard-
less of how long training might he continued,
For the same reason, 5= would never be aby le
to reach criterion on an identification probe
lem in which the stimuli consisted of Over.
lapping collections of cues. We now consider
two elaborations of the basic cue-condition.
ing idea that have recently been proposed iy
attempts to correct this :L."L-':lenm, ]'|.F"III{'|I,-
the pattern model of Estes and the 'ungn,l_
tion model of Restle,

Conditioning of patterns of cues. The pat-
tern model described by Estes (1957, 1950y
1960} specifies that responses can hecome
connected not only to the individual cues gz
independent elements of the stimulus but
also to the total pattern of cues that uriiguely
constitutes each stimulus. Since, as noted
above, the asymptotic performance of actual
& surpasses that predicted by the origingl
cue-conditioning model, Estes (1937, p. 616;
1960, p. 60) concludes that the total patterns
must eventually prevail in controlling the
responses, On the other hand, there 1= some
evidence that the conditioning of individual
cues |m_-|_1m111:1 tes during the early phases
of learning | Fstes, 195;). This may in part
be attributable (o the fact that the cues are
more frequently available than the patterns,
Thus in our experiments a single cue (e,
the color black) occurs on half of the pre-
sentations, whereas a single patiern (e.g., the
black triangle} occurs on only an
cighth of the presentations. Tn any case, if
the responses eventually under the
exclusive control of the patterns, the per-
formance of 55 will approach 100% correct
on either identification or classification prob-
lems (as actually observed),

Several difficulties still remain, however
First, the admission that patterns of cues
can themselves become directly connected to
responses removes some of the appeal of the
cue-conditioning model, The original model
was rather close to a description of a phya-
ically realizable mechanism. Indeed Rosen-
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cmnoves somme of the appeal of the
sning medel. The original model
close to a description of a phys
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sable mechanis
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|
|
| platt’s “Perceptron™ (1958) might even be
regarded as one way of physically realizing
the kind of general idea formalized in Estes
griginal model. The pattern model, although
perfectly permissible as a formalism yielding
testable predictions, seems to leave more of
the inner mechanics unspecified. In particu-
tar, the details of the process whereby the
mdividual cues become fastened together into
a functional unit that can be directly attached
to & TESPONSE remain mysterious.

Of course one could arpue that, since the
patlern can enter into & unitary relation with
a response, 1t 15 itself just another cue that
was part of the stimulus all along, The anly
grique feature of this particular cue is that
{unlike the others) it is not shared by any
other stimulus, Such an arpument would,
indeed, be completely consistent with Estes'
{1960, p. 52) definition of cue or “stimulus
clement.,” Unfortunately, though, it points
up vet further problems. In order to master
an identification or elassification problem,
the conditioning of the cue corresponding
to the total pattern of other (component)
oues must completely override the connec
tions (previously formed) between these
component cues and the responses. But no
specific rules seem to have been given by
listes for the process of eliminating these
carlier connections, Finally, if the attainment
of eriterion is possible only because the tatal
patterns become conditioned to their appro-
priate respimses, then {(even though the
mitial rate of learning might vary from one
classification fo another) the final mastery
of the different tvpes of classi

tfications would
presumably be achieved after about the same
Thus, 1n order to account

mimber of trials,
for the rapidity with which actual &5 reach
eriterion on a Tvpe T classification, the pat-
tetn model (like the generalization madel)
seems to require the annexalion of an addi
tional mechanism for the selective suppres-
sion of irrelevant cues,

Adaptation of cwcs. One such possible

suppression mechanism has been proposed
by Restle (1933, 1957, Restle's idea is that
cties that are uncorrelated with the reinforce-
ment of the responses become “adapted”
ind, hence, lose their contral over those re-
sponses, Thus, in the classification problem

LEARNING AND MEMORIZATION OF CLASSIFICATIONS

considered hefore (in which only the color
of the stimuli is relevant}, the cues of size
and shape would adapt out leaving the hlack
and white cues in complete control of the
responses.  With this additional principle,
then, a model based upon the independent
conditioning of the cues of a stimulus seems
to provide a mechanism for abstraction such
as our discussions of stimilus generalization
and pattern conditioning led us to seel, Tn-
deed, Bourne and Restle {1959) have re-
cently shown that a variety of phenomena
of concept learning can be accounted for by
a model of this kind, ]

Unfortunately, in arder to account for the
mastery of an identification problem {or, in-
deed, of a Type VI classification problem],
cerfain additional complications of the model
are necessary, For example, in an identifica-
tion  problem, since a different response
must he associated with each of the eight
stimuli, all confusions must eventually be
eliminated belween stimuli that differ in
color. But, as we have seen, this is possible
only if the cues of size and shape hecome
adapted. This, in turn, would preclude the
climination of confusions between stimuli
differing only in size and shape. Bourne and
Restle, in their discussion of a four-response
problem, apparently cope with this difficulty
by considering, in effect, that cues do not
become adapted absolutely but only in rela-
tion to the pairs of responses for which those
cues are irrelevant, Such a complication of
the notion of adaptation seems to us to de-
crease its atlractiveness as an account of the
phenomenon of abstracton or selective at-
tention,  Furthermore, although the model
of Restle and Bourne specified how a cue
that is knewn by 5 to be irrelevant becomes
adapted, it does not specify how 5 comes to
linowe that a coe is irrelevant,

A general dilemma faced by cue-condi-
tioning models. Deyond the specific objec-
tions raised against the models of Restle and
Bowrne and of Hsles, these as well as other
maodels for the conditioning of cues face the
tollowing more general difficulty: On the one
hand, the cues mipht be identified with the
elementary physical properties of the stimuli
—e.g. largeness, smallness, blackness, white
ness, etc, (This iz what Bourne and Restle
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appear to do in their discussion of two-
response experiments.) But then we should
have to predict that the performance of &
on a Type V1 classification would never im-
prove beyvond its initial chance level, for
none of the elementary properties in this
tvpe of classificalion is by itsell correlated
with the reinforcement of either response.
On the other hand, we might consider that
not only the elementary properties but also
any pattern of these elementary properties to
which 5% can learn to respond differentially
can serve as a cue. {This seems to be the
original intention of Res 1|i‘ 1955, pp. 11, 18;
and of Estes, 1960, ]l. 52.) DBut under this
interpr cr'ulon we are ]{*It Vfilh the problem
of specifying, for each possible pattern of
cues, some parameter (e.r., a weight {or that
pattern’ governing the rate at which it can
become conditioned to a response. This, in
turn, reduces to our original problem;
namely, the problem of determining the diffi-
culty of each possible classification.'®

Thus, altheugh a theory based vpon the
notions of condittomng and, perhaps, the
adaptation of cues at first showed promise
of accounting bath for stimulus peneraliza-
tion and abstraction, further investigation
indicated that it does not, in any of the
forms yet proposed, yield a

rediction of the
difficulty of each of our six types of classi-
fications. Nor does this kind of theory seem
to account for the relatively much greater
positive transfer found in the case of Type
V1 classifications.

Abstraction and the Formulation of Rules
Asg we have just seen, the hypothesis that

responses can be conditioned only to ele-
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mentary properties (i.e, to the propertipg
that define Type I classifications} seems #,
1:“ disconfirmed by the fact that 55 can leary
I'ype VI classifications. On the other h‘rud
the hypothesis that responses can be condi.
tioned to arbitrary combinations of eleme.
tary properties (such as that defining 5
Type VI classification} removes the predie
tive force of the conditioning models. Mora.
over, the notion that such a combination o
elementary properties can itself serve di
rectly as a cue seems implausible in view of
the kinds of verbalizations actually produced
by &s. In describing a single stimulus, oup
S35 used words like “large,” “black,” ete, (in
Experiment I1) or like “candle,” “trumpet
ete. {in Experiment I}). These clearly ro-
ferred to the elementary properties, For the
staternent that a stimulus is “blaclk,” for exs
ample, is essentially equivalent to the state
ment that it belongs within the group
black stimuli that are set apart by the Type I
classification based upon color. In no ine
slance was an individual stimulus described
}J_‘v’ referring to a prog erly that would corre-
spond in this way to the particular group of
stimuli set apart by, say, a Type VI classi-
fication, Indeed, even when the stimuli ars
sorted out according to a Tvpe VI classifica
tion, Ss are unable to see the four stimull in
either class as having any one property in
commumon. And when (as in Experiment 1)
RY: k.'\-"'lll1.1il.||‘|' do discover a way of
characterizing the stimuli that po together in
they invariably dao this
by formulating an elaborate rule in terms of
the elementary properties. As an example of
i |..;11Lx-:'.-; simple rule, they might fnally
say: “The figures on the left must be black
and amall and trianpular or else have just
me of these three [ Type T propertics,” But
even after discovering a rule of this kind, S&
do nat then regard it as a unitary property
of a stimulus and, surely, they would nol
‘ll1.1¥lil|11'$|'|1 v invoke it i dese I111n-.3‘ H =~‘|:1§,”|€
stimulus

SMTIE

stich a classification,

however cor npletely.
an aiternaltee fo the condifion
ing wmadels. In view of the preceding consids
erations, we led to consider that only the
properties defining Type T classifications ack
directly az cues, and that classifications othet

Clulfline of
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than Twvpe T cun be learned anfy by cod
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ctructing appropriate rules for them in terms

Twpe 1 classihcations. Accordingly, 54
are no longer regarded as passively con-
fronting  one l)ﬂpul.mtm of eunes after

another while a certain crucial subset be-
comes gradually connected to the correct
response. Rather, they are regarded as ac-
tvely abstracting (or attending to) dimen
sions, and then formulating and lesting rales
ahout how the values on those dimensions
egombine and mteract to determine which
glassificatory response will be correct. The
development of an explicitly. defailed model

for this kind of process will not be under-
taken here. The present study, together with
pthers, might serve as a useful basis for such

an 11||r.!t'1L.L|u::'r. Dut the development itself
potaled 'I'l.'l'|'|I:L1'{': a further |-r|x-c?ﬁlig;u'_1'n11 i;ull'-:_'-
mented, perhaps, by the new tool of com

puter simulation (Hovland & Hunt, 1960,
Newell, Shaw, & Simon, 1957; Newell &
Sirmon, ]“5”]. Mevertheless the tentative

description of the learning miven
here only in general outline,
lead to certain expectations about the refative
iifficulties of our six types of classifications
a5 well as about how these difficullies are
influenced by the cond: im
posed in the present experiments

The amifial dificultics of the six types, 1f
the foregoing description of the learning
process is correct, the difficulty of any
ion should be directly related
womplexity of the rules required to build it
up out of Tvpe 1 classifications.
riles may be largely formulated and nsed =t
the verbal level iz suggested by the high cor
found in hoth Experiments T and
1111

Tﬂ-UL'(:.‘
12 sufficient 1o

certain of o1

VLR

classific: ta the

P
[hat these

relalions,
§ B

l"l.'l-‘ﬂ'l'f\'ll il‘l‘”':.'ll."l.' l:'I- |=‘|-..'| I-I':ll'i":’;."i_':_'
ar 1"H|ar:m|111;_: to stimuli} for L"mh
ype of classification and the simplicity of
the rules that could be stated bw 55 [or the
same type of classification, Of course the
riles werbalized by the &5 waried in detail
irom one 5 of to another.  =n0ll,
since the number of passible combinations
of values with {he
mimber of dimensions considered, the Jdiffi
'L'l!|l_1r' ') clazsification should increaze with
the mumber of dimensions {or Type T classi-
feations ) that are required
that

OCCAsIon

increases very |-||>i|l'l-.-

or the specifica

tion o classiheation. Thus we should

ND MEMORIZATION OF

CLASSIFICATIONS J3
at least expect the ranking 1 < II < VL
Furthermare, the other types (111, IV, and
V') are presumably intermediate between 11
and VI. For, although all three dimensions
are relevant for each of these classifications,
some (bul not all eight) of the stimuli can
be properly classified by knowing the values
an just two of the three dimensions.
Actually there are many different meas-
ures thal could be used to express the diffi
culty of building up a classification out of
Type 1 classifications. We could, for ex-
ample, use the minimum length of a logic
expression that defines the classification by
means of conjunctions and disjunctions of
the elementary properties. (We
noted in the introduction that such an ex-
pression 1s much longer for a T ype VI than
for a Type 1 |..le>h'.ﬁcf1‘.:n|1.,| We could also
base it upon the number of relay contacts
required for the physical realization of the
Linolean function corresponding to the given
classification {Higonnet & (Girea, 1958). Or
we could base it upon the average number of
single dimensional binary decizsions required
to place a randomly selected stimulus in the
.||r.-rr1]1r|1lt* s when the sequence of de-

already

..\_.

cisions i5 made in the optimum order, But
these (and many other) measures all apree
with the ranking derived above in a more
informal manner. In ]t-:|:'11|'|_||'u' ‘hr--- are '|1|
congistent with the ranking | [T ="TF]=

v V << V1. The only L||:~';1;:|'nr:|wnL-:
concern the predictions of ties among the
intermediate tyvpes (1[I through V). The
one quantitatively defined measure that has

satizfactory to us reflects the
to which the information about the
assification ts distributed the three
dimensions {rather than confined to a single
a5 in a Type T
In the appendix this

"-'-"'i'llll."l st
cxlent
cl

OvEr

dirnension classification),

measure 15 shown to

lead to the ranking that corresponds most
precisely  with  that  found empirically;
namely, T < II CIIT, TV &%) V.

Transfer of classification The

tentative oy

fearmning,
seription of the learming process
il terms of abstraction and the formulation
of rules alse has some implications for the
tranzfer of elassification learning, In
ticular, if & is faced with a new classifica-

Lion problem that, however,

he has reason to
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believe is of the same type as several pre-
ceding problems, there is the possibility of a
certain amount of positive transfer. If, for
example, the problems have all been of
Type II, 5 might learn to proceed directly
to testing rules about the interaction of
values on pairs of dimensions without wast-
ing any time in testing useless one-dimen-
sional rules.
Actually  the
transfer was observed in the case of Type
VI, and the unique degree of transfer in
this case probably comes from the interven-
lion of a somewhat different process. In
particular, when &5 has formulated the odd-
even rule, he has apparently performed an
abstraction on a higher level than in the case
of the simple abstraction of relevant dimen-
sions, Indeed this higher level abstraction
iz most effective precisely when the abstrac-
tion of individual dimensions would pre-
clude solution of the problem—ie., for Type
VI. The effectiveness of the odd-even rule
can be appreciated by considering that S
who apply it with maximum efficiency need
only learn the response to the first stimulus;
each following stimulus then calls for that
same response if and only if it has an odd
number of properties in common with the
first stimulus. Indeed, the one 5 in Experi
ment T whe most completely mastered this
odd-even rule 5y) made altogether
only one error on the last four Type VI
problems. This is to be compared with the
50 errors she made during the first Type V1
problem {hefore discovering this poweriul
reductive rule),
This kind of conside

mast pronounced  positive

(wviz.,

ration can be used o
predict the ranking of the asymptotic difi-
culties the six types: te, the ranking
that presumably would be achieved if a suf-
ficient number of problems of the same type
were consecutively supplied. Tor, if § has
really abstracted a rule that uniquely defines
a given type of classification, the difficulty
of learning a new classification of that type
should be directly determined 1I:'.-" the frac
tion of the 70 possible classifications that
corresponds to that type. Thus Type V1
should hecome even easier than Type 1 {as
it did for &) because, whereas six of the
70 possible classifications are T'vpe I, only

of
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two are Type VI, If & knows that he s
poing Lo have a T}]][’ problem, he knows
that anly one dimension will be relevant, by
he does not know which of the three dimey.
sions this 15 and he does not lknow which
vale on this dimension goes with each gf
the two responses (hence the 3 % 2 or s
possibilities). But, if § knows that he s
going to have a ]}pl_ V1 problem, his only
uncertainty concerns which response FOes
with the frst stimulus (hence the two Posai-
bilities}., Now the number of classificationy
or possibilities for each of the six types (T
IT, II1, IV, ¥V, and V1) are, respectively
6, 6, 24, 8, 24, and 2. Therefore the IJT;-
dicted asvmptotic r‘nﬂcmg of these types is
VI < (1, IT) < IV < (III, V). The mast
striking difference between this ranking and
the consistently found initial ranking is the
change in the position of Type VI from the
extreme of greatest difficulty to the extrems

i least difficulty. The fact that our S5 did
m‘;? all achieve the predicted asymptotic rank
ing can be taken as an indication that the five
consecutive problems of the same type did
not |>|'rn-'f:1r: enough opportunity for all St
discover a rule (like the odd-even rule) that
i3 :uJicr{'rlt[_'q.' abstract to carry over to a new
set of stimuli, However, the marked drogp
in errors over the five consecutive Type VI
problems (Figure 6) supports this analysis
of transfer of classification learning,'®

15 Although  the odd-even rule for vpe - Wl

itly simiplified the task of learning such a classic
tion, thiz rule is not m'x for naive S5 to dis
O, ",]mr S8 o criterion on the first [ew

Type W1 problems In means of much less efficient
rules. Thus, 55 who [or some reason had previously
had considerable experience with Type VI classi

fications might not fnd Twpe VI so difficult i
tially.
It might zlso be remarked here that thers B
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Type VI. If 5 knows that he {5
have a Type I problem, he knoyg
one dimension will be relevant, by
ot know which of the three dimen.
5 is and he does not know which
this dimension goes with each nf
responaes (hence the 3 X 2 or siy
ies). Dut, if § knows that he ig
have a Type VI problem, his only
ity concerns which response goes
first stimulus {hence the two possi.
Now the number of classificationg
alities for each of the six types (],
IV, V, and V1) are, respectively,
8, 24, and 2. Therefore the pre
viuplotic ranking of these types is
-. H-] = 2 (I1L; V). The most
lifference between this ranking and
stently found initial ranking is the
1 the position of Type VI Trom the
of greatest difliculty to the extreme
lifficulty. The fact that our S did
hieve the predicted asymptotic rank-
e taken as an indication that the five
ve problems of the same type did
de enough opportunity for all S to
a rule (like the odd-even rule) that
nitly abstract to carry over {0 a new
imuli, However, the marleed drap
over the five consecutive Type VI
i Figure 6% supports this analysis
‘or of classification learning.'*

mgh the odd-even rale for 'I'x'lrl VI
i plified the task of learning such a classi-
i3 rule is not easy for naive Ss to dige
_~:-|_ &5 reach criterion on the fivst few

-oblems by means of much less efficient
5 ‘:.a who for some reason had previously
l|_|"|| le experience with Type V1 class
nicht net find Type VI so difficult ini-

t also be vemacked here that there i
a connection, in penersl, between the
noawer of the best rule for a type of clas
1|fl the pumber of distinet el
[ that type The number of c
i tvpe has to do with the Ysymmetry of
Lo, wilh the pumber of transformation
aned reflections) of the cube in Fipure 2
ot change the tvpe of the classifcatiol
£ & Grea, 1959), And symumelry seems 3
g of redoctive rolez, For oex: ik
wiwerful odd-even rule for
ille by the fact that,

Type VI
it that type alatss

Vand C

[ ihe dimensions.
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Effect of the physical vepreseniation of
We now consider why the
spacing between the difficulties of the types
5 affected by whether the dimensions are
epresented in a single compact figure or in
three spatially  distributed figures. There
weem to be two related possibilities: one
emphasizing the verbal and the other the
perceptual aspects of the classification task.

The verbal counterpart for a stimulus in
the compact representation (A in Fxperi-
ments I and TI1} might be, simply, “large
plack triangle.” The counterpart for a stim-
plus in the distributed Representation C
wotild be "large circle, white triangle, shaded
square.” As far as a Type I classification is
eoncerned, this would not be expected to

i make much difference in the complexity of

the rule. The rules might be: “1F the figure
is blacl, put the card on the left” {for A)
vs. “If there is a shaded figure, put the card
on the left” {for C). These two rules seem
about equally complex. On the other hand,
the typical kinds of rules given for the more
difficult classifications tend to be longer for
Representation C. Thus, for Type V, the
two rules might be: “Black fipures po on the
left and white on the right except for the
large black triangle which goes on the right
and the large white triangle which goes on
the left” (for A) wvs. “Those containing a
back circle go on the left and those with a
white circle go on the right, except that if
there 18 a larpe triangle, blaclk circle, and
shaded square it goes on the right and if
there 1s a large triangle, white circle, and
shaded square it goes on the left."” This dif-
ference in the lengths of the wverbal rules
might account, in part, for the greater diffi-
culty of the complex classifications with the
distributed representations.

The other explanation is somewhat differ-
ent Tt argues that, in the case of the dis-
Iribnited representations {Experiment [ or B
in Experience [1 and II1), 83 can

cach of the three dimensions plays the same role
This is most clearly shown in Representation B of
Experiments IT and T1L. Here one need only know
izt either one or all three of the component figures
me larpe (o know that the stimulus belongs to a
fartienlar class: it i3 not necessary to know just
which of the three figures these =

i,
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directly perceive only the elementary prop-
erties of the stimuli, As already proposed,
then, they would have to build up each elas-
sification on the basis of Type I classifica-
tions alone. Tor the compact Representation
A, however, it is possible that some of the
simple ileractions between dimensions are
perceived more or less in the same way as
clementary properties. For example, a l.ugf_
black tr 1.mglt might be immediately seen as
a black triangle without having to construct
this fact out of the two component facts that
it i black and that it is triangular. Tn the
case of the compact representation, then,
Estes’ notion that patterns of -:']Lmn_nt:rm.-
cues can themselves serve as cues becomes
rather J}Lm'-.lhlr. at least for these simple
“conjunctive” patterns. The im]}!itation for
the present experiments would primarily he
a decrease in the difficulties of the ||]111‘1l|5'u
mote difficult types when compact stimuli
are used, For these types would no longer
have to be built up exclusively from the
elementary properties; they could now util-
ize simple conjunctions of these as well.
Thus, in a Type I11 classification, Ss would
not have to learn to grmlp all four stimuli in
one class together (e.g., large black tr iangle,
lirge black circle, ﬂ:mll I:I wl circle, and
small white circle) but, rather, they wonld
only have to learn to group two kinds of
stimuli in that class (e.g., larpe black figures
and small circles), .‘3111:.h an  explanation
might also account for the slightly greater
difficulty of the compact representation for
Type T noted in the discussion of the em-
pirical results. TFor, whereas the spatial
separation of the dimensions might help S
tee tsolate the amglc relevant property, the
additton of conjunctive ]Jmpl.,rm.-. through
the compact representation in effect con-
fromts .‘:T.l'. with a greater number of prop-
erties from which the correct one must be
selected. This conjecture is supported by the
relatively large number of two-factor rules
formulated for Representation A of Type 1
{zee Table 37, ;
Individual differences. Finally, the dis-
tinction that we have made between pen-
eralization and abstraction suggests that a
given classification could in principle he
learned either by rote or by concept. If for
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some reason & did not abstract or q-;*.]t*tttix-'eT:,-'
attend to relevant dimensions or formulate
reductive rules, the difficulty of a classifica-
tion wotld pre: sumnably be 1!1Ld1€1.thlt; irom
the principle of generalization: i.e., from the
confusions made during identification learn-
ing. In this case, since identification learning
is essentially a rote task, we might reason-
ably assert that the classification, also, was
learned by rote. I, on the other hand, 5§
abstracted the relevant dimensions and for-
mulated a rule specifying how the values on
these dimensions determine the response, the
difficulty would no longer be predictable
from identification learning alone. In this
caze 5 mizght be said to have proceeded in o
conceptual manner. One source of evidence
for these notions comes from an examina.
tion of certain differences in the perform-
ances of individual S's.

Figure 16 shows the triangular
space of possible pr d(l‘t‘[llH of ge nu‘;tlm.amm
proeviously I?I(“-L]]f(d in Figures 14 and 15,
The points denated by the circles labeled 1
through 6 are each based upon the average
of the pradients (s, ny, 1y) obtained from
the five identification problems for each of
the corresponding six 55 (5:-5,) in Ex-
periment I. The point denoted by the circle
labeled = is based upon the average of the
pradients for eight additional S who were
run on one identification problem each in
order to secure further data aboul general-
ization. With one exception, these average
gradients are confined to a small rerion of
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the total space of possible gradients and, ;.
deed, are monotonically  decreasing any
either concave upwards or nearly | ‘I!ll"[r
Moreover, all 33 of the individual eradienty
upon which these six similar average gragj.
'-"”'f‘ are based fall in the larger shadeq
region in the left of the total triangle. Fos
none of these 13 55 did the strong inte e
tation of the principle of ;_{t"'.:::ulm1|1<|11 [re.
dict the obtained ranking of the types of
classifications with respect to difficulty,
One of the S5 (viz., 5:.), however, con.
sistently differed from the others. As can e
seen, her five individual gradients all faf
fuh}rw" with their average) within the shadeg
region on the right of the total triangles,
strikingly, there is no ove rlap between the

two shaded regions. Whereas for evepy
single gradient of the ather 13 Ss, n, = "y
for all five of Sy's gradients, #a < n,. That

s, this .5 invar

ably confused stimuli 'ht'\.'l[]q'

mon maore frequently than stimuli he aving

two of these properties in common, Stranges

still, this % made more errors on the
i

eal

g
type of classification (Type 1) than ap
any other type

An examination of the rules verbalized by
this & seems to provide an explanation far
these puzzling reversals, Throughout t) hii
series of 25 |‘J1I}|}|L‘l||‘1 with 1|r:[ml,|;:|]||;|1|]|g
stimuli, this § consistently emploved a T
ticular recoding scheme—one used only i
rare instances by other S5 In applying this
scheme, §, would begin each problem by
arbitrarily picking two of the eight stimul

none of the three variable ]Hu]l{'llll'—- i com- ‘

having no properties in common. The three [
piclures constituting one of these two an
choring stimuli would arbitrarily be called |
Creovp 1 oand the pretures constituting |
the other, Group 2, Each of the remaining |
six stimull was then specified in terms of the
two anchoring stimnli by stating whether 3
Group L oor Group 2 ]uit'Lur:* ippeared 1‘1|
cach of the three possible positions. Tn thii
way the eight stimuli in [Figure 4|
were recoded into the ht patterns ex
hibited in Figure 17, The employment of
this recoding system means that §y neces
sarily always took account of all three dit
mension: of each stimulus and, hence, for
feited the possibility of abstracting the singl
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sce of possible pradients and, i
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relevant dimension in the Type 1 classifica-
gons. For example, the four stimuli on the
leit in Figure 17, which originally shared
the same property {viz., the candle in the
jower left position), no longer seem to have
mitrch i common. This, then, might help to
gecount for the larpe number of errors that
Sy made on Type T problems,

[n addition, though, this recoding scheme
should have a pronounced effect on the gra-
dient of genetalization. The arpument runs
as follows: an examination of the errors

' most frequently made during the learning of

Marse code (Keller & Taubman, 1943; Plat-
lin, 19433} reveals that errors in which a
single element is mistaken (eg., a dot is
taleen for a dash) are less common than
errors in which the entire pattern of dots

[ o ] |
o Yo
@ @%

Fra. 17, The eight stimuli of Figure 4 recoded
iccording Lo the gvatem used by 5. (The classi-
won shown here i3 the same as that shewn in

figure 4 but the order of the four stimuli on the
Fight las been changed so that the stimuli that are
most similar after the recoding
Ljucent.)

are horizantzlly

and dashes is transformed as a whaole, The
most frequent ervars, indeed, seem to involve
reversals (in which the temporal pattern is
confused with the same pattern taken in
reverse order—e.g, ——« for «——) or comple-
mentations (in which all the dashes are con-
verted to dols and vice versa— e.g., ——— for
s«+ ), Similarly, then, the most frequent
confusions to be expected between the pat-
terns in Figure 17 are not those that are
produced by altering a single element (e,
by changing a 1 to a 2) but those that are
produced by transforming the pattern as a
whole. In particular, confusions should be
most common in which every 1 is converted
into a 2 and every 2 into a 1 and, perhaps
to some extent, in which the pattern suffers
a left-right reversal. Now, if each pattern in
Figure 17 is most frequently confused with
its complement (ie, the one that is adjacent
to it on the right or left), we are provided
with an explanation for the unusual gradient
in which #, > ny; for just these pairs of
patterns correspond to the pairs of stimuli
that have no properties in common. By ex-
tending this argument in detail, a plausible
case can be made for the statement that Ss
who used this recoding scheme should also
have ny > 5y = m.: ie, their gradients
should fall on the line connecting the center
of the triangle and the lower right corner,
As can be seen in Figure 16, most of the
gradients obtained from 5, do in fact fall in
the vicinity of thiz line, "

Now, since §3's coding of the stimuli pre-
vented her from abstracting the relevant di-
mensions, we should expect the strong inter

A wlready mentioned, we have used "general-
ization" to refer to confusions between stimoli
But, in accardance with the shove discussion, we
should now aclmowledge [urther that these eonfo-
sionz  might arise from at least two possible
sources: They might be the result of “primary”
stimulus generalization based upon the similarity of
the stinili in terms of their physical properties
(e, the number of such properties that they have
in commen}, This assumption seems to he con-
sistent with the gradients that we ohserved for ail
Ss except 55 Or, on the ather hand, these confu-
sions might be the result of "mediated” seneraliza-
tion based upon the similarites of the implicit
Crecoding) responses made to these stimoali by a
]'ﬁi'lrli.l.':11]::.|.' & Thiz is whart we have propesed for
5
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pretation of the principle of generalization
to predict the initial difficulties of the differ
ent types of classifications. Of the four
types of classifications administered to Sh,
the ranking with respect to difficulty was
found tb be (V, II) < VI < I. (The
number of errors on the first problem of
each of these types was, respectively, 28, 29,
38, and 55.) The predicted ranking for the
triangtlar subregion containing S5's average
gradient (and most of the su rrounding
shaded area} is II < V < VI <I. The
only discrepancy between these two rankings
s in the case of 1T and V. And this discrep-
ancy may be attributable to the fact that &
had Type IT first (see Table 1); for, as
shown in Figure 5, 55 tended to malke more
errors on the very first classification prob-
lem, The rough agreement between the pre
dicted and the obtained ranking of problem
Jifficulties for this § is emphasized by the
fact that they both depart strikingly from
the predicted and obtained rankings for all
other 5s.

SO M ARY

A combined empirical and theoretical in
vestigation of the difficuities of different
Kinds of classifications was undertaken using
hoth learning and memory tasks. Sets of
ctimuli of a variety of kinds were used but,
in each set, there were eight stimubhi each of
which took on one of two possible values on
ench of three different dimensions. For ex-
ample, in one set, each stimulus was large or
small, black or white, and trianpular or
creular. The classifications to be learned or
remembered were always set up by assipning
four of the eight stimuli to one class and the
remaining four stimuli to the other class.
Three kinds of procedures were used. In
one, 53 learned to azsociate one of two
classificatory responses (e.g., A or B with
each of the eight stimuli by means of
method of successive presentation and re-
sponse correction (the usual paired-associate

R N SHEPARD, C. 1, HOVLAND, ann H, M. JENKINS |
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to sort the stimuli into the same two classes
or else to state a concise rule specifying how
the stimuli were classified in terms of thei
dimensions and values. These procedures
were used to determine the difficulties of al|
possible types of classifications of the stimul;
into two groups of four. In addition, trans:
fer of classification learning and the effect
of representing the dimensions of the stimul;
in different ways were also investigated,
Finally, various mechanisms that have been
proposed to account for phenmmena of rote
learning and concept formation were evalu-
ated in relation to the empirical results, The
following conclusions were drawn:

1. Of the 70 possible classifications of the
eight stimuli into two equal groups, thers
are only six basic types. The different clas-
sifications belonging to any one of these
types have the same structure; they differ l
only with respect to which of the three di-
mensions is assigned to which of the three
roles in the classification, and with respect |
to which of the two classificatory responses
is assigned to which group of four stimmli,
These six types we denoted by the roman |
For the purposes of the |

numerals -3V 1.
classification, only one dimension is relevant
for Type I, two for Type II, and all three |
for Types TT1I-VI. These last four types i
differ, however, in the ways the values on
the three dimensions interact in defining the |
clagsification,

2. When classifications of these six types |
are encountered for the first time, they con-
sistently differ in difficulty according to the
ranking 1 [1 I, BV, V) VI
{with 111, 1V, and V about equal in diffi-
The same ranking is found for

culty 1,
learning and memory tasks, inspection time
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3. When several classifications of the

samne type {but each using a different sel of
stimulil are learned in succession, the dif:
ferent types of classifications accumulale

[ the two other procedures, 55

procedure).
ed with a simultaneous array of

were present
the eight stimuli already grouped into the
two classes and then, after the removal of
the array, were tested for their ability either

differing amounts of positive transfer. As@
consequence the initial ranking of the diffi-
cuilties of the six types changes so that, aftef
several conseculive problems of the samé
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[ rulties Increases.

difficult) becomes easier than some of the
gthet types.

4, When the stimuli are changed so that
the three dimensions are represented as vari-
guicns in three spatially separated figures
pather than as three lkinds of wariations in
q sinple compact fisure, the ranking remains
the same but the spacing between the diffi-
In particular, the more
difficult types of classifications (IT-V1} be-

come  still more diffieult, but the easiest

(Type 1) remamns about the same or even
decreases slightly in difficulty.

5. A high correlation exists, over the

varions conditions of the experiments, be-

| tween the performance measures (in terms

pf time or error scores) and the simplicity
of the verbal rules that 55 ean formulate to
describe the classifications,

6. The cue-conditioning models, including
the recent “pattern” and “adaption” models,
do not seem Lo vield ]'::':'{]'IL‘.ﬁnn:i af the diffi-
culties of the six types of classifications.

39

7. The principle of stimulus generaliza-
tion, on the other hand, can be interpreted
in a form that does vield testable predictions
for the leaming of classifications. The pre-
dictions generated by the particular inter-
pretation attempted here, however, do not
agree with the empirically determined diffi-
culties of the six types, Apparently the
principle of stimulus generalization does not
by itself provide an account for the fact that
&5 can abstract the relevant from the irrele-
vant dimensions of the stimuli,

8. The results suggest that, in addition ta
abstracting the relevant dimensions, &s leamn
any piven classification by formulating a
rule for building that elassification up out of
Type 1 classifications, This tentative charae-
terization of the learning process seems to
provide a basis for understanding the ob-
tained ranking of the six types of classifica-
tions with respect to initial difficulty, the
markedly greater positive transfer in Type
V1 classifications, the effect upon difficulty
of wsing compact or distributed stimuli, and
certain individual differences.




40 R. M. SHEPARD, C. 1.

HOVLANT, axn H,

M. JTENEINS

REFERENCES

T Jr, & Browx, F. G
iunction of irrelevant
exp Povehor,

Arcuer, E. T, Bourxe, L
Concept idemtificalion as a
information and  instructons. S
1953, 49, 153-1064.

Bavum, Martan H. Simple concept learning 25
function of  intralist  generalization, [T
Pyychol, 1954, 47, 85-54,

Binoig, A, & Feroman, 5 B
perimentally controlled experience
tion responses,  FPrpchol. Morage,
Whole Mo, 4963,

Bouewe, L. I, Jr, & Haycoon, K, C. The j:ult oi
stimulus relundancy in coneept identification, J,
exp Peyehol, 1959, 58, 232-238

Bovewg, L. E, Jr, & 1~'.|-:.~u-r.1_:, K.
theory of concept klentifieation,
1959, 66, ZFE-290,

Bricger, P. I. The
stimuins patterns, J.
Bl

Broxes, J. 5,
A sty of

Busa, I, 1L,
plus peneralization
fep, 1951, 58, 413-

Boss, A, . A study of concept formation
[uncHon of reinforcement and stimuolus general
ization, J, exp Peychol, 1930, 40, 4 '\fﬂ

Darraax, Puscimia E, & Issann, H
order of dominance gmong '.'”1|.|"L']|1'I| | e :
An experimental test of Heidbreder's hypothesis.
1. Pevchal., 1951, 31, 147-160.

G, WY a statistical theary of learn-

The effects of

X
UK rECOZNi-

100, 74 (0,

Mathematical
Prychod, Kew,,

identification of redundant
eap, Pryekol, 1955, 49, 73—

1. & Avsmw, G AL
Wiley, 1956
A mode] for stun
Paychal,

Goopxow, T.
thinking. MNew York:
& Mosrriner, B
nd discrimination,
23,

K. Toward

- Peychol, Rew, 1930, §7, 94107,
Esres, W, K. O models Lnt] mean. Awer. Pey-
|:|r|-'.l|||.l 5t 1O57, 12, 609617
LW, K. Component Hl patlern models with

I'l.-{ Lrhcovian

interpretations.  ITno B, K. Buosh &
W, I Fates {(Ldsy, Shwdies i wmathematioal
fearning . Stanford, Cafif.: Staniord
Univer, Py lrJ..,r] Pp, #-32, (a)

to learning
Ty A sludy
M e Graw-Hill,

Esres, W. K. ]1||: statistical approa
theory. In 5. Koch (Ed.}, Fey
af o sefemce. Vol 2 Mew Yo

1959, Pp. 383491, (b)
W, K. Statistical

mition of stimuelus patberns

In M. C Yovits & 5. C ||m'< B

rnaclels I'nr ecall and
by luan |'||l

0TS,

Self-organizing systems, New Yorl: . Pergan
190, Pp. 51-62,

Fermcn, B S A comparisen of rote and dis-
q mation learning witk stimuolus homopenety

IT|11111]|]|k|‘1:I| doctoral dissertation, Uni

varat.

versitw of Wisconsin, 1951

Frencra, 1. 8. Nuomber of common elements and
consislency of remiorcement in oa discrimination
learning tagle. J. oerp, Prpchol, 1953 45, 25-34

Gieson, Ereamor T, A swstematic application g
the concepts of peneralization and differentiatiog
te werbal lear vofol, Rep, 1940, 47, 1952
220,

Hemprreper, Epxa,
11, The preblem. J. gen
223,

ning.

The attainment of concepts:
. Payehal, 1046, 35, 1052

H Ermenenes,
111, The

Higonw
of electvical sironits
1938,

Hoveaxn, C. [ A
concept learning,
472

Hoveaxo, C. L, & Husr,
ticit of concept attainment.
265267,

Hoveawn, C L, & Weiss, W, Transmizsion of
nformat i<>|1 concerning concepts through positive

and negative instances. J. eap, Paypchal, 1933, 45

Th-1E2,

Huwne, © L. Ouantitative aspects of tie evolution
of concepts,  Frychol, Momogr, 1920, 2801
While '\Iu 123},

Kenner, I, 5, & TaunMaN,
nalional Ml.n se code: T
reception, J. appd, Peychol, 1943 27, 504-500,

BeGin, W, 1. Muluvariate information
misgion,  Prychometeila, 1954, 19, %7-116.

MET2GE J.\

pt forma
56, Z3-231,

Morgiserr, L, Jr, & Hoveann, C, 1
son of three variehies of trainng n h11111 an prob-s
lem sobving. S, eap. Prochol, 1939, 58, 32-53,

MNewELL, A, Smaw, ] CL & Simon, H, A, Enis
pirical explorations of the logic theory maching
I, Procesdings of the western joint compuber
conference, Institute of Radie Eogineers, 1935

MeweLL, A, & Smvow, H. A The ssmuolation of
human thought, (RAND Paper P-1734) Sar
Maomniea, Calif, : RAND, 1U549,

Newwman, 5, B Effects of contiguity and
ity an the leaming of concepts. [, exh,
1956, 52, 349-353.

{Iseas, L., & Une
tributed practice:
concepts, S, ex}

Eowa, The attaimment of conceptsy
process. S, Peyehol, 1047, 24, 93-158)
1, K. AL & Grea, B. A, Logical desigp
New Yorke: MeGraw-Hilj,

Piychol, Rew, 1052 50, 4612

E. B. Computer siml;s
Beh. Sci, 1060, 28

It E. Studies i inters

tring

A compartson between rote lenrning

tion, Jf, exp. Peychol, 1955

sinzilars
Peyechol

apLer 1
awaoon, B, T

Studies of dis
¥ 1.(':1'.11':11r i

and

Stimulug peneralization in Morse cot

N, 1043, 40, Noo 285

Prorris, L.
learning. Arch. .I”.':'_'|'.".I'.'-:'.I.I'

Rezere, B A theory of discrimination le 1|||||I"'
Povchol, Rew,, 1953, 62, 11-1%,

Theory of selective learming with probs

lrj."-\'_'.-'l-lll-ﬂll .I'l.':'.'-'.I |'-:|..'-f.?_, E‘4I

Eesre, F.
able rewnforcements,
182-191,

“communication analveis" of

Errors made in code |

A compatis|

Ro



mH, M. JENKINS

Frieamar I, A swslematic application of
of pener vion and differentitiog
roinp.  Pevchel. Rep, 190, 47, 19062

g, Fonma, The attainment of concepts:
» problem, . gen, Peachol, 19440, 35, 191

COnGepts
24, 05-135.

el der

nment of

The att

J. Poyehot, 187

R, A Lo

mimunication analysis™ nof

sypchol, R 1932, 59, 4461-

|;| '.|i.|'.:.'_. by

o1, & Huwr, B, B, Computer s

concept attninment. Hekaw Sed, 1960, 5

, 20T, & Werss, W, Transmission of
ation concerning concepts through positive
ralive instances, J, £k, .II".'u':ﬂ-:'.l'.'n'-ll_, 1953, 45,

L. Omantitative aspects of the evolution

Peuchel, Manage, 1920, 2B(],

& Taunsan, I, 15 Studies in inter
[1. Errors made in cods
wal,, 1043, 27, 504509,

i, 5
| Morse code:
ot S

ate Anformation 1ranz

e, 1954, 19, 97-114
[ A comparizon berween rote lexrning
formation,  f.oexp, Prychol, 195

Witer

neep

2l

& Hoveaxp, € LA compart
threa tetics of training in human prob-
Iving. £, exp. Prychol, 1939, 58, 52-55.

A, SmHaw, |0 C, & Simow, H, A Em
theory maching

ticne af the |
5 of the western joint computes
ilute of Radio Engineers, 195/

explora
acegdlin
e

e,
AL & Smaown, H. AL
thooght, (RAND Paper P-17
y Calif.: RANI, 1959,
v, 5 15 Effects of con
the learning of concepls.
52, 349-353

L., & Un
o praciice:
I= ."_ aah |':.'|'j1.i:.l'ln-|'.. 15

The simulation of
4] Santa

fguity and similar-

[
Soeap Prychol,

voon, B, T, Studies of dis
Learning and relention of
43, 143148,

ir:-ll in r'.-{l'll'_\'lj cexl?

I

1943, 40, No. 28

L. Stinmlus pens a
g, Arch, Payehol, NV,

I7. A theory of discrimingtion learning

of Rew., 1935, 62, 11-19,
F. Theory of selective learning with prob
inforcements.  Pevehel, Fep 1957, 64

LEARNING AND MEMORIZATION OF CLASSIFICATIONS 4]

Rocers, M, 5. An application of information
theory to the problem of the relationzhip between
meaningfulness of material and performance in
a leaming situation.  Unpublished doctoral dis-
sertation, 'rinceton University, 1952,

wBLAaTT, Fo The perceptron: A probabilistic
maifel for information storage and organization
in the brain, Feypchol. Rew, 1958, 65, 386408,

sarparp, B N, Stimulus and response generaliza-
tion: A stochastic model relating reneralization
to distance in psychological apace. Prvchometeita,
1057, 22, 325-345.

sprearn, B, N, Stimulos and response generaliza-
tiotn: Deduction of the generalization gradient
from a trace model. Frychof, Mex, 1958, 65,
M2-256, (a)

sprparn, BN Sromulus and response generaliza-
ticn s Tezts of a model relating peneralization to

distavce in psychologica] space. S, cxp, Py
1938, 55, 509-523. (h)

Surre, 5, L. Concept lormation: Stimulus dimen
sions in human learning,  Unpublished doctaoral
dizgsertation, Massachusetts Institute of Tech-
nology, 1954,

Surcrrrrr, |, P A peneral method of analvsis of
frecuency data for multiple classification desipns
Pruchold, Bull, 1957, 54, 134-137.

Wartach, Lise, The cor nplexity of concept attain-
ment. Awmer, S, Prrchol, in press,

Worre, D, L.
et T
linguistic

The relation between lnpuistic
and associative interference in artificial
material, Long, Monogr, 1932 Mo, 11,

[ Bleceived Octoler 23, 19600




BN, SHEPARD, C. I HOVLAND, awo H. M. JENKINS

APPENDIX

The purpose of this section is to show how cer-
tain information-theoretic considerations lead in a
rather natural way to the obtained ranking of the
six types of ¢ fications with respect Lo indtial
difficulty, The variables #, 3, and 2 will be uzed io
represett the three dimensions of the stimoliz eg,
size, color, and shape. Thus the variable & might
take on the tweo values: large and small. In addi-
tien, a classification varable, C, can be defned to
take on one value {ep, A) for all stimuli in one
class and another (B} for all stimili in the other
class. For all the elassificalicns considercd he
our initial uncertainty about the value of the classi-
fieation variable for a randomly selected stivmnhes
is just one bit. 17 we know exactly what classifica-
Hon s involved, a complete specification of the
stimulus (ie, a statement of its size, color, and
shape) will reduce our uneertainty about the value
of the classification varizble fromm oie bit 1o zero,
This tatal reduction in uncertpinty can be parti-
tioned into three components: O(a), the reduction
due to the specification of size alohe; Ce0y), the
reducton due to the additional specification of color
(over and above that due to the specification of size
alone) ; and Caplz), the reduction dus to the i
tional and final specibeation of shape (over and
ahove that due to the specification of zize and color
torether), Since the telal redoction is one bit:

Clx) +Coly) 4 Cple) =1

n shows

in one way, the extent to
ormation about the classification var
dimnensions of

This eou:
which the i
able iz spread out among the threes
the stmuli, But it is arbitrary in that the thres
could be taken in any of their
3! or 6 possible orders. And, except Tor classifica-
tions of Twpes 1% and V1, the magnitudes of the
three terms will depend uponr the ovder in which
the vari are taken. However, woe shall suppose
that the variables are taken in their optimum arder:
i.e., the order for which the cne-variahle term is as
large as possible and the threc-variable term is
Agsnming, then, thit Tiri-

variables &, v, and #

smal] as possible

able taken in this order, we shall rewrile the
efquation in the simpler form:

Cr 4 Ca Ca=1
The magpiludes of the one-, aned  threee

variakle terms ean readily be caleulated ior each of
the six types of classifications (see Melall, 1934).
They are 10,0 for Twype I; 0,10 lor Type- 1L:
001 for Type V1, and 0.18%, 0,311, 0500 for each
af the three remaining tvpes, 11 TV, and W,

Worw the difficulty of extracting information pre-
capmably increases with the number of variables 16
which 55 muost simuoltaneously artend
extract that information, Thercfore
of a classification should he greater
fraction of the information aboet the
iz eontained in e two-variabie and,
the three-varizhle terms, An index of dif
comld therefore be defined by we

ulty, 2
mphting each term
z to the number of variables Invelved i

|"|.L.I-::'||'. This can be done in o general Way b
writing B
ottt gii=D
I, this reduces to the previows CI W gy
s resulling index 15 unity for all six bepeg nf
-_rlztsailir:uil- g But, il § > a2 = 1, the resuline
index ranks the six trpes—presumahly with resy ,_1
Lo clilficulty, ;
For any particular choice of values for & and i
we can determine the ranking implied by :|1¢;L.
values by substituting them  Ctopether with .|:c_'
pumerical values already  determined for O
apd O3 into the expression the ||1||u;-_1'||~,l-I 3
Figure Al shows the resalt of 2 .-cj,':alrn];uib Ex:.
ploration of the rankings mplied by every pair of
ents, @ and &, for which 8 > a > 1, Az -"ill-l
bee seen, only three solutions are possible: if g &2
- L.37R, then ] (IIL IV, W) < 11 <
Wl B = 1378 a — 0378, then I < (II, 111, IV
Vi< VItand if @ > 1378 @ — 0378, then 1€
1T < (111, 1V, V) < V1. Moreover, since (he
number of possible conBgurations of values alone
the dimensions of the stimuli increases -.'.\c|||,'||||::|':::
tially with the number of |5-II1‘|r':|:'.1-“||':w: thie i“-'-"'"-:””-'lll
ulty that results from attending 1o thres
:|:'||:I|-:I::-I:-C matead of 1w ia 111|'-|}i;_'||'|_u il |'-'i'l-'\-|. FE
areat as the ncrement that results fron atee
o two dimension instead of one. Therefore we
should expect that (#=a) = {a—1) and, a [ortor,
that @ = 0,378 & — 0.378, Hence, we again arrive
at th nlang I <711 < (111, IV, W) < VI,

T B=a=
il

rar

1378 o

13

(3:'
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ior the measure, £, of the difthoslty «
Liea,

¢The indicated peint for @ = 2 and 2 =32
5 to the case in which cach term in the
for ©* is welghted by the nomber of
lvixd 1 that lerm,
19 represent a renzannble choice "J[
values for o and 2.3
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