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DIGEST

The dissertation consists of a theoretical section, an experiuental
secuion and an appendix.

In the theoretical section, entitled 'A behavior-theory analysis of
human curiosity', a distinction is .ade between 'ierceptual curiosity', which
leads to exploratory acti ity and has been studied in the rat, and humnan
lepisteudc curiosity', which is defined as a drive reduced by knowledge-
rehearsal. 'snowledie' is analyzed as consistinz of hahits _.eadiating
belicved desirnative sy:ibols, which often foru long chains (t*trains ol thou. ht').
A tueory of epistemic curiosity is »sroposed, the »rincipal elcients being
(1) an account of questions as !'theaatic probes', whicli evoke drive-producin .
meaninz-responses, and (2) the attribution to conflict of the curiority
aroused by strange, surprisin_: or puzzlin: situations or cuestions.

The experi:iental section, 'An experimental study oi huaan curiosity'
and the avpendix report two expericents, which were carried out in order
to test so.c of the prediciions fro. the theory. The uredictions concerned
the effects of pre-cuestionming on the learning of material suoplyinz answers
to the quesiions. In Loth experiiicnts, an experiiental sroup received
(1) a fore~questionnaire of factial questions about invertebrate animwals,
(2) a cousaunication containing the answers, and (3) an after-questionnaire,
repeating the questions of the fore~questiomnaire. A control group dif-
fered only in havin: no fore-questionnaire, <ne recallin; of the answers
to the after-questionnaire and ‘subjects' reports of iesire to know the
answers were used as weasures of curiosity. 7The principal conclusions
that received support are (1) that pre-cuestionin; increases curiosity,
(2) that the two ireasures of curiosity are correlated, (3) that stateuents
recoznized as answers to previous questions are zore likely to be recalled,
(4) that the following classes of questions arouse i.ore curiosity unan
otherst questions conflicting with past experience, guestions concerning
more faumiliar concepts (aniuals), questions with I rather than 2 alter-
native answers.




A BEHAVIOR-THEORY ANALYSIS OF HUMAN CURIOSITY

Few topics have excited as much discussion as husan novledgs.
Philosophers have long pondered over the various ways of acquiring knowl-
edge, the exact nature of the entities we mow and our precise relatiom to
these entities (31). But this discussion has usually included very little
about the motivation underlying the quest for knowvledge, and the dsficiency
is a serious one, as it prevents us from answering two important questions.
The first question is, why do human beings spend so much time and effort
on obtaining knowledge? Sometimes, there is some obvious drive to whose
satisfaction it can contribute, but, strangely enough, many of the queries
that inspire the most persistent searches for an answer and the greatest
distress when the answer is not availsble are of no manifest practical
value or urgency. One has only to consider the ontological inquiries of
metaphysicians or the frenzy of crossword enthusiasts to be convinced of
this. The second question, which is the main concern of this article, is,
why, out of the infinite range of knowable items in the universe, are cer-
tain pleces of information sought and learned more readily than othexrs?

Modern learning theory leads us to look for motivational varisbles
to answer these questions, and a drive which is reduced by the reception
and subsequent rehearsal of knowledge is what is usually called *curiosity’.
However, we must draw a distinction between this euriosity and the curiosity-
drive that has been studied in lower animals (k). In the emse of the rat,

for example, there appears to be a drive which is aroused by novel stimuli

and reduced by continued exposure to these stimidi. Its reduction re-




inforces exploratory activity, i.e., activity such as spproaching and
examining the stimulus-objects, which increase stimulation of the animal's
recaptors by them. Now, similar exploration is undoubtedly elicited Wy
strange objects in adult and especially infant human beings. But in an
animal as well endowed for learning and remembering as the human adult,
exploration is bound to leave a stock of permanent traces in the form of
symbolic representations ('pure-stimulus acts' or *cus-producing responses'),
which are manifestations of what we call *knowvledge’.

The curiosity which leads to increased perception of stimuli and the
curiosity whose main fruits are knowledge mey well turn out to be closely
related. But, as we are using different defining operations for them, we
shall have provisionally to use two different terms for them., We shall
therefore call the first 'perceptual curiosity' and the second, which is
our concern in this article, 'epistemic curiosity’'.

KNOWLEDGE AND TRAINS OF THOUGHT
Epistemic curiosity is an intervening wvarisble and must therefore be
described in terms of its relations to antecedant and consequent varisbles.
8ince it is moreover a drive, this means specifying the conditions of its
arousal and the conditions of its reduction (28, p. 467). The conditions
of its arousal form the problem of this article, but we can state from

the outset that vhat reduces it is knovledge-rehearsal. Our first task
is thus to describe knowiedge, the end~product of curiosity, and then we
can consider the motivation behind its acquisitiom.
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An aascount in behavior-theory terms of the nature of knowledgs and
of the stages by which it is likely to have developed out of simplexr res-
ponse~capacities will be given in a forthcoming publication. But we can
here summerize by noting that knowledge consists of 'habits mediating
believed designative symbols'. These terms can be explained briefly:

(1) We base our definition of a 'symbol' on Osgood's definitiom of

a 'sign'. He states (37) that 'a pattern of stimuletion which is not the
object is a sign of the object if it evokes in organism a mediating re-
action, this (a) being some fractional part of the total behavior elicited
by the object and (b) producing distinctive self-stimumlation which would
not occur without the previous association of non-object and object patterns
of stimulation.' The response-component (r,) evoked by the sign is iden-
tified by Osgood with *meaning'. We shall refer to its .elemerts as
‘concepts', and when they are evoked by a stimulus not emanating from the
signified object or from an externsl sign (‘'signal', 32) (e.g., vhen they
arise in the course of a thought-process through associstion with a previous
ry) e shall call them ‘symbols' or ‘symbolic responses®.

(2) The term 'designative’ is derived from Morris' classification (32)
of symbols according to the distinguishing characteristics of the objects
or eveais they signify. We translate this clessificstiom into Osgood's
schems by spplying the term '‘designative’ to those symbols which refer to
stimulus-properties of objects. They will include perseptual TeSpOnses
(5) and verbal respomses of the kind Skinner calls 'tacts' (43).

(3) A symbol is believed, if overt instxrumsutel bebavior conditiomed

to the significatum is elicited by the symbdol.
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Sysbols generally occur in long sequemces, vhich ave imn everydey
language known as ‘trains of thought'!, and these sequenees form some of
the principel fruits of knowledge ss well as some of the most importent
means of attaining new knoviedge. But a givem situstion may well ixitiste
seversl altermnstive trains of thought at different timss. Ve are thus
obliged to inquire sfter the factors that dstermime the actual course a
particular train of thought will follow. Hull's aceownt of behavior
chains (18, p. 312) suggests that we shall find them to be the following
determinants scting jointly: (1) cue-stimmli, which include external

stimuli (8) and the self-stimulation resulting from previous items im the

chains (&), and (2) motivational stimuli, vhich include drive-stimmli (Sp)

and the goalestimili (sg) produced by fractional anticipstory goal-responses
(rg). Each cus-stimulus sexrves to elicit the next item in the sequemce by
assoclation. The motiwetional stimuli pexrsist throughout the sequemce,snd
thus they can perform the functions of keeping the train of thought direc-
ted towards drive-reduction end impelling it to comtinmme watil this arive-
reduction has been effected.

We can mov speculate on the first of the two questiens we ratsed oon-
serning the motivation dehind Imowledge: why 40 these trmims of thought
ocowr &t all?! Although the ‘disinterested pursuit of Truth' is supposed
to be highly valusd im owr eulture, sd W are givem to yeminisee im
nostalgis ‘sessions of sweet, silemt thougit', ve esm e cure that these
were mot the astivities that gave the power $0 Jmow its swvivel-velus.
It is rether that ‘remssheunce of things past’ mahes possidle amtiefpesion
of things future, s0 that ‘knovliedge is power'. The lemrming that produses
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lmowledge is clearly biologically helpful because (1) it enables goal-
directed behavior to be more efficient through being better prepared for
vhat is impending, and (2) it enables warning signals to be recognized, so
that dsnger can be avoided (33). But these effects are usually delsyed,
80 that their advantages do not explain what reinforces the learning in
question. For long-term consequences to influence behavior, it is neces-
sary for symbols to be used in such a way that the reinforcements of fear-
reduction and secondary rewerds csn be brought to bear (35). The drives
that are reduced by knowledge are thus largely the ‘coexistent emotional
components?, which, aé Ullman argues (h—l&), we must assume to be present
in all primary drives and to be capsble of functioning anticipatorily.
These components are what are called 'fears' - Ullmen spesks of !shock-
fear' and 'hungerifear¥, for example - and knowledge can lead to fear-
reduction in various ways: (1) by depicting the future situation as a
desirable one (reassurance), (2) by reducing 'fear of fear' or 'fear

from a sense of helplessness' (36) (preparation) or even when the outlook
is hopeless, (3) by reducing the increment of drive (comnflict) due to
uncertainty (the comfort of 'knowing the worst') or (i) extinction of
fear by repeated exposure to frightening stimuli (getting used to wm-
pleasant prospects).

But owr mein concern is with the second questiom, vixz., the questiom
of the factors underlying the selsctivity of epistemic curiosity. Vhy
does an individual seek or learn one pisce of kmowledge rather then smother?
Representatives of various schools of psyshology bave provided hints dut
scarcely more:
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(1)_Psychoanalysis. The writings of Freud (e.g. 13) and his followers,

especially Abrasham (1), meke it clear that a psychosnalytic theory of
curiosity would attribute the desire to know to any one of several ‘com-
ponent instincts' of the libido, the direction it pursues being influenced
accordingly. If the search for knowledge is regarded, consciously or un-
consc':loush'r, as a process of laying bare hidden truths, the underlying drive
is scoptophilia; if it is a matter of absorbing facts from the outside world
end making them enhance one's own powers, it 1is the oral-incorporative drive;
if it is seen as a struggle to wrest secrets from Nature or as a challenge
to produce and create something, it is anal-aggressiveness; if 1t takes
the form of an urge to label and clessify or to arrange facts in an orderly
system, it is the snal-retentive need to have everything under control or
else safely screened by unemotional symbols. But this leaves many questions
unanswered. How are we to predict when one of these ‘component instincts'
will find an outlet in curiosity, and how intensely? And vhich particular
items of knowledge will be sought?

(2) Gestalt psychology. Although the Gestalt psychologists have not

produced s systematic account of curiosity, it is not Aifficult to guess
how such an account would go. They explain much of behavior by the
‘principle of closure!, the tendency to act in such a way as to close a

'gap', vhether in a perceived figure or in some other aspect of the 'behav-
ioral world! (19, 45). It is evident that curiosity is precisely s drive
to £11l1 in such geps in the subject's experienced representations. But
sgain, ve have no definition precise emough to tell us infallibly what will
constitute a 'gap', nor vhich gaps will have precedence over others.
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(3)_Reinforcement theory. The tendency to acquire the verbal or

other responses which constitute knowledge is a product of learning, cul-
turally conditioned, according to such reinforcement-theorists as have
considered the problem. Dollard end Miller (10, pp. 119-20) mention
leaxrned drives to 'make a correct report of the environment' and to ‘have
en explanation' and the punishment that social training, as well as the
demands of reality, imposes on those who fail to do sc. Skinner similarly
(43) describes how & child learns to emit 'tacts' (i.e., verbal responses
controlled by properties of objects or situations) under the influence of
tgeneralized reinforcers', particularly spproval. Mowrer (3%) appears to
identify the acquisition of 'beliefs' (p. 5) and ‘lkmowing that' (p. 268)
with the conditioning of emotional responses, but this does not acknowledge
the role of synbolic responses in distinguishing pieces of knowledge with
similar affective value but different content.

We shall take these treatments as a starting-point, slthough it is
clear that they leave some essential questions unsettled. There is, for
one thing, the paradoxical fact that curiosity seems to be evoked most
uniformly by situations that are new and strange. This is vhat we have
elsevhere discussed asz the 'problem of novelty' (4, p. T1). Some stimulus-
complexes seem to have their effect precisely by virtue of their differences
from anything in the subject's previous experisnce. Thay would be the last
wshouldomecttohmmmﬂmatm, if it was a mtter of g~
eralization from prior training. The frequently proffered suggestion
that a child may be trained to respond to 'new' and 'strange' stimmli in
& certain way snd msy trsnsfer this response to other 'new' and 'strange’
stimli leaves wmanswered the thorny prodlem of what novelty as such con-
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sists of and exactly vhat all novel stimli have in commom. It is evident
that they have something in comaom, since certain responses, e.g., the ver-
bal response 'naw', can be evoked by them all, but we have still to idemtify
the property responsible, It will be our contention that conflict supplies

the clue,

THE SEQUENCE OF EVENTS
Stimuli which are used to elicit wverbal behavior, unless they resemble
the behavior they call forth or have unigue respanses,are what Skinner
calls 'thematic probes'' (42, 43). They can take the form of verbal or .

non-verbal stimili, and they can be administered to oneself ('self-probes'),
as a reaction to a perceived situation, or come from outside in the form
of writing, speech or non-linguistic cues. We can extend Skinner's con-
cept a little, but not, it is hoped, inexcusably, by including under it
all stimuli which elicit trains of thought, whether wverbal in content or
not.

Skinner gives as illustrative cases of thematic probes the stimulus-
words of association experiments and the material used in projection tests.
But it has been known since the work of the Wirzburg school (2) snd of
Lewin (20, 21) that it is not possible to predict what association, if any,
will be given to a stimulus without taking into account the 'set'!, 'detexr-
min;ng tendency', ‘tension-system', ctc., induced by othaxr stimuli, usually
1nstructions. In other words, we must have not only cus-stimuli to act
as a starting-point, but also motivatiomal stimuli to limit the responses
to the general category required by the task on hand and to supply the
motive force for the process. The thematic probe must thus have two parts
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or aspects, with these distinct functioms, and the clearest exsmple, as
well as probably the commonest in practice, is the gquest o The gquestion
of the type called by linguists the 'spocuic interrogation' (as distinct
from the ‘yes-or-no question') (7, p. 52) has the two parts easily dis-
tinguishoble. As an example, we mey take the question, "how does the
starfish eat?” We assume that the question, in common with all synonymous
questions, evokes mediating 'concepts' or 'meaningiresponses' (rp). The
mesnings corresponding to 'starfish eat' act as the cue-stimili with a
patterning effect peculiar to that stimulus-complex; in sowme cases, such
as vhen the question is put by an authoritative person, they msy be tan-
tamount to an assertion that the starfish eats, while in othexr circumstances
the question may be taken to mean ‘how, if at all, does the starfish eat?'
The group of concepts that act as cue-st.im:li we may, following Morris'
terminology, call the 'designator'. On the other hand, the interrogative

adverb 'how' produces & meaning which acts as a motivational stimulus. It
limits the train of thought to ‘how-concepts' and evokes a learned drive-
state vhich motivates the reactionmn.

¥hen a question is put, vhether by the subject himself or by somebody
else, and the answer is alreedy known, the sppropriate response is made
as a reaction conditioned by previous learning to the stimulus-pattesn,
and this relieves the drive immediately, so that the subject cam proceed
to some other activity. However, wvhen the answer is not kmown, the drive
will persist, snd some sort of trial-snd-exror process can be expected o
follow as with any other drive-state. Of course, the trisl-snd-error will
not be completely random, as it is not even for the rat in the Skimner box:
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it will take the form of behavior resembling what has succeeded in simtlar
situations. The most likely behavior-sequences to occur are (a) thimking -
implicit trial-and-error, insightful restructuring (18, ch. 10), stimmlus
generalization (as in ‘deduction' (3%, ch. 11)), *intuition’ (L0) and
'magical thinking' (11, p. 47)), (b) observation - approach, receptor-
sdjustment, manipulation of enviromment, so as to perceive relevant stimali,

culminating in the controlled experimental and other techniques of science,
(c) recourse to authority - asking experts, consulting books or oracles.

(cf. intuitionism, rationalism, empiricism, and authoritarianism (31)).

If these processes lead to a pattern of responses that the subject's
prior learning enables him to accept as an adequate answer, then the drive
will be reduced. 8ince drive-reduction follows the rehearsal of the cor-
rect answer, the principle of reinforcement (18, postulate IV) implies
that the latter will become strengthened as a response to the question.
Furthermore, by the reinforcement-gradient principle, it will de learned
more strongly than the responses that led yp to it, so that in future the
question will be followed immediately by it, and intermediste steps will
be omitted. The nature of the learning which emsbles the subject to aceept an
answer as adequate needs, of course, much more elucidation. But the
problem is in essence the seme as with learned fear. Miller (27) and
Mowrer (34) stress that in their rat experiments two distinct habits
must be acquired: the snimal learns to respomd to the signal with fear
and to respond to fear with some sctivity that Wrings sbout fear-reduction.
But there is often a third piece of learning also, nemsly the lesxming
that causes the rat $0 relax his fesr vhen he is safe. This relamtion is
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evidently determined jointly by the fear-stimulus and other stimuli present,
since what leasds to safety in one dangerocus situation may mot do so ia
another. In the case of the answer being foumd to a question, the proeess
is strictly analogous: the drive-reduction depends on the other stimmli
present, since wvhat will answer one question will not do for another.

If the smswer is not arrived st readily by any of the procedures men~-
tioned, then the process may be brought to an end in other wways. Bome dis-
traction may occur, i.e., an incompatible response-tendency with e higher
reaction-potential mey arise, or extinction mey supervene. There will be
both extinction of each line of inquiry as it turms out unsuccessful and
gives way to another, exactly as in trial-and-error lesrning (16), snd
ultimately, the drive-producing responses may be extinguished, so that
the subject gives up altogether. It is unlikely that extinctiom will
affect the intervening link, that between the words and the drive, since
the motivating power of interrogative adverbs is frequantly and partially
reinforeced in everydsy life.

Let us now suppose that the subject fails to hit upon the correct
answer in the course of striving for it. And let us suppose that on some
future occasion he is told or shown the snswer, i.e., exposed to some
stimulus-complex which avokes the response he was seeking. We cam expect
this amswver to evake, by ordinary redintegrative remsmbering, an intermal
rehearsal of the questiom, so that it is recognized as the answer he wes
looking for om the esrliexr occecasiom. The stimili produced &y the respomes
of rehsarsing the question will thus ocour about the samet time as the
rehesrsal of the snswver and the stimuli produced by websersal of the saswer
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will be followed closely by reduction of the drive that the questiom has
re~aroused. Thus we can see the answer being lesacned by reinforcemsnt as
a response to the question, so that & new piece of knowledge is acquired.
1t will by now be evident that the drive arcused by questions and
other thematic probes is, by our definition, a form of epistemic curiosity.
And an important consequence follows from the principles of behavior theory,
if our account so far is valid, which gives us a way of measuring this
curiosity through its effects on remembering. Both introspective and be-
havioral evidence reveal that when the correct answer to a question has
been encountered and rehearsed curiocsity is reduced to a subthreshold
value. But the higher the drive before such reduction, the greater the

amount of reinforcement or quantity of drive-reduction (K). But, sccord-

ing %o Hull's postulates (17, 18), the probability of a response occurring
on future occasions increases with reaction-potential (gEg), which in its
turn increases with K. It follows that those questions wvhich evoke more
curiosity are more likely to bhe answered correctly after the answer has
been presented to the subject, and we can use the probability of recall
as a measure of curiosity. An additiomal measure depemds on the fact that
subjects are likely to have learmsd to respomd with tacts to their own
internal stimuli (42, 43), although less sccurstely than to external
stimll., They can accordingly bde instructed to indicate vhich questioms
arouse the greatest desire to kmow the amswer.

We have therefore arrived st the hypothesis that curiosity is sroused

in a subject vhen & question is put t0 him, vhether By himself or Wy am
external agemnt. Some componant (syp) of the response-prodused stimmlatiom
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resulting from the meaning of the question (ry,) is sssumed to act as &
drive-stimulus. And we can see that the intensity of this drive-stimulus,
which will in its twn depend on the smplitude of the response (rgp) that
produces it, will be one of the most important variables affecting the
drive-strength of the curiosity.

There 1s some experimental evidence (6) for the curiosity-inducing
role of questions, but it is also borne out by everyday experience. Many
celebrated thinkers have been stimulated to a lifetime's meditation simply
because they thought of questions about matters that ordinary men have
taken for granted. SMarly the skillful lecturer excites curiosity in
his audience by putting questions to them, perhaps about familiar phenocmena,
vhich it has never occurred to them to ask themselves.

However, the factors mentioned so far do not adequately explain the
most striking cases of curiosity-arousal, those concerning the strange,
the wmusual, the puzzling. Phenomena which excite a 'disinterested!
or ‘intellectual' curiosity, simply because they do not make sense on
first acquaintance or do not fit in with vhat one has learned to expect
or are difficult to understand, are responsible for mch of the history of
human ingenuity from primitive myth to moderm philosophy and science. But
they have not always inspired a delving into profundities, nor have they
confined their spell to a few individuals of an unusually contemplative
and impractical turm of mind. Literature intended to capture the popular
imagination has long relied on tidbits of grotesquerie and bizarrerie with
minimal utilitarian value; there were fanciful travellexrs' tales in classi-

cal and medieval times, and today we have the quiz and ‘believeiit-or-not'

e e T
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feature occupying a prominent place in mass communication media. To
attempt an explanation of this side of human nature, we shall have recourse

to another variable, conflict.

THE ROLs OF CONFLICT

After the necessary preliminary phase of considerin;; oversizplified
situations, in which cither only one response-tendency or motive is active
or e€lse one response-tendency or wotive is so wuch stronger than others as
to be virtually alone in its influence, psychological theory had to tum
to more realistic situations where there are factors in coupetition.
wven an elesentary treatuent of trial-and-error leaming (16) forces us
to consider the process whereby one response overco.es alternative ways
of reacting, but special phenomena result when coupeting tendencies are
fairly evenly watched in strength. The study of such phenoniena was
begun by Lewin (22) and then carried further on both theoretical and ex—
periuental planes by ifiller and his associates (25, 29), Dollard and
iMiller have shown (10) how the bei.avior-~theory of conflict can be extended
to embrace the main effects ascribed to conflict by Freud, while Hull has
endeavored to reveal its roots in the basic principles of learning (18,
chap. 8)e A theory of emotion, based on the assumption that conflict
(F) is in itself drive-producing, is an important recent developmnent for
which Brown and Farber are responsivle (8), and there are various obser-
vations frou experiments with rats that tend to confirm this assumption
(12, 23, 30).

A rather different recent euphasis on conflict has coue fxom Hebb

(14, 15). This is particularly deserving of wmention here, because it
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involves the central processes intervening between stimulus and response,
and that is precisely where we must seek the kernel of curiosity. Behavior,
in Hebb's view, depends on the intricate and nicely timed cooperation between
'cell-asseablies’ in the cerebral cortex. If the timing joes awry, or if
the piocesses ('phase-sequences') in the cortex otherwise interfere with
one another, disruption will be the result. Some phase~sequences require
the support of externally initiated sensory processes, and if these are

not forthcoming, as when souething familiar with an unexpected feature is
perceived, disruption is once again a likely outco:ze. This disruption,
vwhich leads to a diffuse and disorganized release of energy, is what,
according to Hebb, lies beiind emotion. His principal illustrationsis his
description of the fear induced in chimpanzees by surprisin: sights, but

it is easy to see that these sizhts might instead have aroused curiosity

in slightly different conditions. In his treatuent of perceptual learninz,
Hebb describes how repeated exposure to a complex of stimuli »uilds up
integrated and organized patterns of activity in the cortex, and thus con-
flioct is eliminated as the unfamiliar becowes fawiliar. If we admit the
possibility that the curiosity aroused by unusial perceptions has soaething
to do with conilict, then the elimination of this conflict by exploration
and the consequent drive-reduction might well play a part in perceptual
curiosity. If we then extend these ideas to the autonowous processes

which are the result of prior learning but can later run off in the absence
of the corresponding environmental events, we can readily imagine how
strange and pussling thoughts or concepts may likewise involve conflict ’

and the acquisition of knowledge wmay mean the formation of new structures
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which obviate this interference. If conflict is a drive, the reduetion of
confliict will be reinforcing, and 1t will provide the explanation for the
reward=value of investigating thin:s that are puzzling and the lesarning of
knowlodge resulting from this investigation. Epistemie curiosity also vdll
thus be attributable in many cases to & similar mechanism, -

Hebb's concepts are physiological and refer to neural processes.
But since these processes are at present not observable and serve .erely
as devices for explaininz what can be observed, they are best rezarded as
intervening variables. It should not be difficult therefore to translate
them into behavioral terms. The preference for purely behavioral terns
may be justified as more than a matter of verbal taste by their being the
key to relationships between the sort of conflict under discussion and
other areas in behavior theory, including other forus of conflict. |

We can begin our inquiry into the conflicts affecting trains of
thouzht by recalling Miller's (25) list of ways in which responses may be
inconpatible and therefore conflict. Souetimes. the incompatibility is
physical and innate, like that between. approaching and avoiding the same
object. But at other times; the conflict is learnad. The responses are
not inherently antagonistic, but learming has made the organism unlikely
to ~erform both sizmltaneously or in close siceession.,. This means that the
response-produced stimulus (sy) resulting frem the first response (i) has
become conditioned to a-response (R _5) which is physically inocompatible
with the second (R;). If R , is stronger then R,, the latter will thus
be inhibited., When we axtend these notions to syubolic respenses, it is
clear that physical incompasibility will mwot de of major impertance.
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It may be that certain perceptual responses are innately incompatible, so
that the conflict between an expectancy and a perception, for example,

may not be learned, but not enouzh is lnown about perceptuial responses at
the present time for us to decide. liost of the antagonisms of syubols are
almost certainly the results of learning, which trains us not to apply two
particular words to the same object or combine two particular concepts

(ry,) in the same complex. Thus a thought or a perception may conflict with
past experience by incorporating two elements previously learned as incone
patible. There are two special cases of learned incompatibility that are
likely to affect trains of thought. One is the leamed incompatibility

between contradictory beliefs, which enables us to recognize ard awvoid

fallacious symbol-sequences. The other is the conflict between the learned

fear ol irrelevance and the tendency to perfomm an irrelevant verbal res-

ponse, As we have already noted, the Wirzburg school were impressed with
the way in which the determining tendency kept thought in the rigsht direc-
tion by excluding irrelevant assocciations. lodern leamine theory (e.g. 10)
leads us to the conclusion that this happens because the emergence of an
irrelevant thoupht evokes a learned drive and its inhibition reduces the
drive and is consequently reinforced. The existence of a strong 'drive

to be relevant', at lsast in our culture, can be demonstrated in almost any
session of psychotherapy with a neurotic. Long befare his free association
has led him to touch on anything delicate, he shows resistance due to his
previous training to speak relevantly and coherently. It takes several
sossions before he can flit inconsequentially from one topic to another

or expatiate on matters that seem uncomected with his syuptoms, as he

must if he is to obey the 'basic rule'.
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In order to show how conflict can affect curiosity, it is helpful
once a:ain to take a concrete exaumple of a question, "what crops do some
ants cultivate in underground 'farms'?" We have already introduced the
assunptions that a question arouses concepts (ry), including some which are
drive-producing, But in addition, we can indicate, with the aid of ocur
illustrative question, four stazes, at any or all of which conflict may
occur to bringz about an increuent of curiosity-drives

(1) The question itself may evoke concepts which past experience
and instruction may have made incompatible for the subject. In the case
of our example, learned conflict may well exist in a zoolozically naive
person between all concepts relating to faruing and all reiating to subhuman
animals. This is what happens when the designator of the question is said
to be 'surprising' or 'unexpected' or 'strange' or 'puzzling'. Instead of »
such a question being put to the subject by an outside source, he might

have come across a stimulus-situation arousing perceptual responses which

he has been trained to rezard as incompatible., This might lead him to
take a closer look (perceptual curiosity) or to formulate such a question
hinself,

(2) Even if the question itself did not imply any surprising fact
(e.g., "how does the starfish eat?") oconflict may well arise immediately
after its formulation, if the answer is unknown. If the answer is known,
then there will be a response glready learned to the stimulus-pattem
produced by the question, and this response will probably occur without
delay, But if the answer is unknown, then we must turm to behavier theory

for so..e hints as to what might ensue. If the organism is confronted with
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& conbination of stimuli to which it has learned no response, we shall not
expect it to do Just nothing, unless it is a very primitive or young organisu
indeed. As Hebb has aptly reminded us (15), even the most novel situation
far an adult rat or human being is built up of elements which resemble some
things he has met many times before. Therefore, if a new question is the
stinulus-situation, the responses that we can expect to occur are those
which are aroused by stiwulus generalization from similar patterns or
elenents. The strongest will be those conditioned to patterns consisting
of some identical and some sli:htly different elements, as compared with

the present pattern, or else those conditioned to single ele.ents. For
exauple, if no responses have been learme. to a combination of 'ants' and
'farming', we can expect responses to occur which are associated with 'ants'
plus some other activity, or 'faming' plus some other animal, or with
'ants! or '"farming' alone, This follows from Hull's treatment of stimulus
generalization and of patteming (17, chaps. XII, XIX), However, the
trains of thought leading out from 'ants' and from 'farming! etc.. are
likely to be of comparable strength and incoapatible. So, here again,
conflict siay add to the drive-strength.

(3) As these associative processes continue, theay are likely to
lead, in the absence of othier trains of thought, to some which are ir-
relevant to the wotivation to answer the question. This will produce
the type of learnmed conflict to which we have already drawn attention.

(4) Finally, in all probability, concept-patterns will be arrived
at. which are recognised as possible mswers. If one is strong and the

others are not, then that cne will be accepted and learned, and there
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the process will end. But it i.ay very well be that the subject is faced,
either through his own co;;itations or through the intervention of some
external agency (as in ‘multiple—choice questions'),with a nuaber of possible
answers which seem about equally plausible. In that case, conflict between
them is to be anticipated. iloreover, if any answer is of such a strength
that tendencies to accept or reject it are uore or less eqial, we shall have
another source of conflict, reuiniscent of the approach-avoidance conflict.
The conflict characteristic of this fourth stage is, of course, particular-
1y prominent in the 'yes—or-no question' (or the 'which ... cuestion').
The drive to have the answer will be strongest, according to our expecta-
tions, if the tendencies to say 'yes' and 'mo' are about equal.
Now, the drive produced in these various ways by conflict can only
rightly be called 'curiosity' or a ‘'drive to know' if it is reduced by the
process of knowledge-rehearsal. We must then see how oxposure to concepts
which are acceptable as the correct answer might lead wo conflict-reduction. ;
There are in fact three ways in which this might happen, corresvonding te
our four cases of conilict as follows: |
(1) The answer, by implying that two concepts formerly regarded as
incompatible need not be s0, msy inhibit learnmed conilict. This would mean
that the S-E bond between s) and K_,, to use iiiller's notation (25), would *
be extinguished by the action vi verbal stimuli (10). To revert to our
examnple, the subject would cease to find the idea that ants enzaze in a
kind of faming surprising.
(2) and (3) The answer may reduce the conflict derived frou ire
relevant, gencralised trains of thoucht by evoking a new response-sequence

which is strong enough to crowd them out and prevent them froa arising.
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Thus, our subject, having been told somethiny of the activities of harvest-—
ing ants, will in future, when confronted with a pattern of concepts com-
bining 'ants' with 'faraing', be led off along trains of thought peculiar
to harvesting anis and capable of overcoming irrelevant dizressions,

(4) The answer may reduce conflict by strengthening one competing
response and weakening others, thus reducingz the equality between them,
This happens when we are aade to believe that one of our suspected answers
is rirht and the other is wrong. There is henceforth, therefore, no come
petition between then,

Since conflict (F) is an intervening variable, we must ask what
variables affect its wagnitude., Brown and Farber (8) postulate ¥ increases
with (1) the absolute strength of the competing tendencies and (2) the
equality between them, There is scie experimental evidence for the first
of thesé hypotheses.  Sears and Hovland (41) found that avoidance-avoidance
conflicts provoke more blocking when the competing responses are stronger,
The assuuption that the symptous of conflict only occur when the conflicting
tendencies are about equal is confimed time and tiue again in lMiller's
experiments (29). Nevertheless, we are oblized to hypothesize that the
intensity of the conflict-drive depends also on two more variables, which
have been little studied, but which are of prime iuportance for conflict
between thouzht-processes, These are (3) the number of oonilicting response-
tendencies and (L) the degree of incompatibility betweem them., A few
renarks on each of these are in order,

Firstly, Miller's treatuent of conflict has been confined to cases

where only two tendencies are in coupetition. For that matter, Lewin's,
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Ireud's and Hebb's theories do not consider fully the possibility of there
being more than two. Fioneering studies have of necessity to begin with
the simplcst cases, and there way be speclal reasons wiy dual rather tham
higher-ordexr conflicts are the most frequent. When the theory of higher-
order conilicts comes to be attacked it is likely to be found that usually
two or more tendencies among those competing will have more in common than
others, so that they form an alliance, and the situation resolves itself
into virtually a dual conflict. It is interesting 1o note how this happens
in ¥reudian theory. There are three elexents in ti'= personality - id, ego,

superego - but neurotie conflicts take the form ego £ superezo vs. id or

ego ve. id £ superego (11, p. 132). uowever, in the hisher memtal proces—

ses, hi:her-order conflicts may be coanon, Several trains of thourht may
be leading syubol-sequences in uany incompatible directions at once, Just
as, in Hull's treatment of learning (e.Z., 16), ons stimulus may arouse
tiree or more reaction=potentials at once. 1t scems reasonanle to assume ‘
that if the nuubver of conflicting tendencies is increased, all things being
egqual, the severity of the oonflict will increase.

Secondly, both Hull (18, corollary xiv) and Miller (25) speak of
cases where the inccanpatibility between response~tendencies is absolute.
But, as we have elsewhere nentioned (5, p. 1hk), even with innate reflsxes
internediate degrees of incoupatibility and partial interi’erencc‘ are known,
Learned conflict is likely to make even more indispensable the sonoept of
degres of incompatibility, since the 1— R o bond may have varicus
strengths, Subjects may, for instance, be surprised to dif ferent extents
to hear of ants farming,

B O
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I{ way now be possible to understand a little bvetter the relations
between human curiosity, directed towards puzzlin: novelties, and the
curiosity that has been the subjeot of experimentation with rats (4). In
the discussion arising out of the latter, it was pointed out that two sorts
of‘ stinulus might be the adequate stimulus for curiosity:s a novel variation

in souething familiar (suggested by IcDouzall (2L)) or souethinz completely

~

rd

new, The concept of complete novelty is unsatisfactory, because it i= hard .
to specify exactly how unlike things experienced before a situration rmust

' / b5 to be regarded as new. But the introduction of conflict enables us to .
:ee the question in a new light, which makes the two proposed types of
curiosity-arouser not so different as nicht at first appear. In the case
of a familiar stimulus-couplex with an unexpeeted modification, the role
of conflict is obvious, since this is precisely the case that Hebb speaks
of at length. But lebb reminds us that nothing is so new to a sophisticated
aniugl that it does not contain elezents simila.r in sowe respects to what
he has met with before. If a 'completely novel' pattern, then, is one
which by stinulus generalization evokes a nuaber of disparate reactions of
about equal strength, we shall have once again a conflict-situation. This
will provide us with a more useful analysis of novelty, and at the same
time show us that a novel stimilus-object for a rat may be equivalent in
its effcots to an unanswered question for a huaan being,

Our thsory may also link up with certain threads in contenporary
social and developmental psychelogy. lMany writers have been showing (. -
94 etc.) that one of the most distressing plights for human beings is not
to lmow or to understand a state of affaixrs, particulariy if it is important
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for their security or contrary to their expectations. One of society's

most vital functions is to provide noimis and frawss of reference for the
evaluation of new contingencies, If these are lacking or inapplicable to

an unprecedented crisis-situaticn, psople will be prone to accept and

spread ruriors, or to succuib to suggestion. idany of the rumors and fanciful
stories accepted by them in this gullible incod arc the very reverse of re-
ass.rin;. Indeed, they often show a tendency to Selieve in the uost-alara-

ing

fa}

>xospects they can imagine, so that this desire to have an explanation
available Jdoes not seem to be reinfarced by fear-reduction., but the prin-
cipul drive bebind it may well be the conflict-drive, produced by uncer-
tainty, which, as many wartime phencizena showed, is oiten rore agcnizing
than realistic anticipati on of unglcasantness. When there is a perplcxing
situation, raising an unanswered question, we prcdicted from the grinciples
of behavior theory that responses dae to Zeneralization from similar stiomii
would occur. This casts 1li:ht on the inveterate procli-ity, so often ob-
served in children and in primitive peoples, to interpret in terws of
familiar ohenouiena those things that are of uoment ta them but they have
little objective information about, which gives their speculations an
'artificialistic’ and 'animistic' stamp (38). Similarly, when irregulsr
firures are exposed in a tachistoscope, Bartlett (3) reports that subjects
evince an 'effort after meaning', which leads them, as their immediate
reaction, to relate the fizures to something familiar,

Our theory of curiosity implies that patterns will be most curiosity-
arouging at an intermediate stage of faniliarity. If they are too unlike

anything with which the subject is acquainted, the symbolic response-
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tendencies aroused will be too few and too feeble to provide ..uch conilict,
while too auch fawmiliarity will have removed conflict by _—akin- the par-
tic.lar cosibination an expected one. Once azain, we have a prediction

that accords with the observations of psycholo-ists working in several
ficldse. lcDougall's contention that so.ethin: with an interuediate desree
of fa.iliarity is the adequate stiuulus for curiocsity has already bzen
touched on. Iebb (15) expresses the belief that the mental sroccssss cor-
responding to cortical processes ('phase-sequences') vill be o5t revarding,
and tuerefore most likely to occupy thc subject,vthen the phase~sccuernces
are in the course of being built up. The cell-asse..blics and »hase-—cycles
will vhen be in existence, but they will not et have been z.olded into a
firm unity. Freudians (11, p. L5) attribute iany of the play-aciivities

of children to the discovery that they are now able 'to overco.:ic witaout
fear a situation that formerly would have overvhelned (thes) with anxiety'.
Sut this "functional pleasure' will only be attached to a given activity
curing the couwparatively short interval betwieen coming to {fear it and
triusphing over the fear, Piaget (38, 39) writes of the apparently useless
actions that infents are srone to indulge in repcatedfly (1:Iiz¢azy, secondary
and tertiary circular reactions); but each of thesc actions dominates the
child's activity for a brief pcriod while he .as discovere: the ability to

produce the effects in cuestion but has not yet assimilated thea to the

point where they cease to be interesting.
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RELATIORS Oy CULIOSITY TO OBS.iiVASLE VALLLABLLS

Our discussion has so far been concerncd with postulated unobservable
ccntral processes. It is now nccessary to relate our intervenins variables
to obscrvable variables in order to rcveal the eupirical content of the
theory.

On the consequent side, we have already related the strenzth of thce
curiosity-drive to two}variables which cnable us to .ieasure it. <The drive-
strenzth will be positively correlated with (1) the probability of recaliling,
on a future occasion the answer to the quesiion arousinz the curiosiyy, and
(2) the probability éf reporting a wish to know the answer to thz ocuestion.

On the antecedent side we stated that ciriosity is aroused by a
qQuestion or other thematic probe., A question evokes sieaning-responses
(r.) which produce both cue-stiruli and motivational stiauli. The curiosity-
drive-strength vill increase witi (1) the intensity of thc drive-sticulus
(s,)) produced by the izeaning of the qucstion (rm) s and (2) the dezrce of
conilict (I"),BstWe'en"symbélj.e responsese

The intensity of the s o will depend on the prolongation (extinciione
resistance or n) and the stren:th (awplitude or i) of the drive-proiucing
rosponse. These quantities, according to Hull (17, 18) dspend on reaction-
potential (S}.-.‘R) » which itself is largely a function of habit-strerzth
(sHR » inhibitory aggregate (L:[R) and drive (D), To take these in turn,
sfig will be a function of nuuber of reinforceuents (i) which will, in this
case, wean the nuuber of times that arousal of curiosity by similar ques-

tlons has led to a successful qucst for the answer, with consecuent reward,

social or saterial, Then Iy will depond on the difficulty of finding the
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answer to siluilar questions in the past (amount of effort, W) and the num—
ber of tiues tuc quest has led to failure (n) (18, corollaries x and xi).
As for D, imll states that any drives present at the time will nelp to
swell this variable, but in our case it is likely that irrelevant dxives
like hunger or thirst will evoke their own distracting resi;onscs uore
strongly than they will increase curiosity. But drivcs wiose rciief has

in the past been furthered by findingz the answecr to siudlar gquestions nay
well add their quota. They way include practical purposes for vhich the
knovwiledge sou:ht would be useful, social motives, suc:. as drives for .res—
tige and approval, and possitly such drives as the Freudians .uention, acting
by displacement (29). The other varialles on which g, is stated to depend
are likcly to play a idnor role in curiosity, but thsy g5 possiuvly have
some influence. %They are J, or the speed with which reward has followed

a successful searéh for an answer in the past = this is probably of winor
iuportance, because secondary rewards or ‘confimnatory reactions' are
likely to be immediate — and V (stimulus-intensity dynawmism), which way
represent the effect of the loudness, if spoken, or size or brightncss,

if written, of the question.

The degree of conflict (F)is assuzed to increase with the equality
of the conflicting reaction-potentials (SI:}R), the absolute stren:ths of the
PR 's, the number of competing rosponse-~tendencies, and the desree of ine
conpatibility between thewn. The following va.riables’, all auenable to
experimental study, may be cited as playing a part in deteruinin: these
quantities:

(1) The more fauiliar the concepts fig.riaz in the question, the
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wore nuwiacrous and the stron er are likely to be the coupeting trains of
thought ewanating from them, This iieans that twio of the varia.ules aifccte
ing I’ will be increased.

(2) ihe incowpatitility of the concepts in the question for the sub-

ject, as judsed for example by the amount of surprise he rcports, will
deterinine the initial conflict evoked by the question and also the derree
of ingompatibility and mutual irrelcvance between the siwixwl-secucnces
tnat follow.

(3) If .ultiple-choice questions are given, the nuaber of conflict-

ingz response~tendencies will be a function of the nuaber of answ.rs

provided, 'In open=-¢nded nuestions, the nuamber of possible answers enter-
tained by the subject before he decides between them vill exert a similar
influence.

(4) The relative plausibility of the alternative answers, whether

nrovided by the experiuenter or by the subject's own thought-orccesses,
will affect the equality of the conflictin: tendcncies,

Experimental data, reported elsewhere (6), have sunplied sone cone-
fir ation for several of the oredictions fro: our theory. The difficulties
of using the techniques of behavior-theory for couplex foins of huian woti-
vation are 'indeniable. Several altermative theories .iay, because of the
nccessary indirectness of the evidence, yield siuilar xedictions. In a
well-trodden field like aniial ps-chology, an experiuenter fcels oblized
to review the various theories that have been proposed and to desi:m his

exverinent so as to adjudicate between thea, But he can never exclude

the possibility that sone future date may see a new theory, differing from
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any hc can at the uwowent i.a,ine, wihich explains his own and othexr data
bettor than any of its predecessors. In a relatively anbroached area

like huwan curiosity, these alternative theories st be .uuch more nuuerous,
they all bolong to the future and they wust be even rore clearly impossible
to anticipate in the early stages of research. We can therefore only follow
out the iuplications of one theory =nd hsope that its inadequacies will nasten
the appearance of the more satisfactory zlternatives t::at will uncoubtedly

succeed it.

SUILAIY

Human ‘epistemic curiosity!, to be distinzuished fros: the 'perceptual
curiosity' that is found in lower mam:als as well as in human beings, is
defined as a drive reduciblc by knowledge-rehearsal. HKnovledze is analyzed
as consisting of habits mediating believed, desisnative synbols, vhich often
foria 'trains of thought', A theory of epistewic curiosity is presented,
its principal eleuents being (1) an account of questions as 'thematic
probes' which evoke drive-prodicing meaning-responses, and (2) the attribu-

tion to conilict of the curiosily aroused by strange, surprising or puzaling

situations or questions.
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AN BXPERIMENTAL STUDY CF HUMAN CURIOSITY

D.E. Berlync

The experiment to be reported below was designed to investigate some
of the principanl predictions from a theory of human curiosity, which has been
outlined elsewhere (3,4). The type of curiosity with which it deals is ‘epis-
temic curioeity', defined as a drive reduced by knowledge-rehearsal. Itvin
distinguished from Ynerceptual curiosity'!, vhich leads to exploration and

axists in lower animals.

Yhen we set out to incuire into cuch a complex form of humean motivation,
wve find ourselves faced with a bewildering array of variables that may possidly
be influentinl. The éifficuliy of knoving where to begin is, no doudbt, one
reason why little vork in this area has reen done.

An indispenseble aid it to have a theory to suggest relationships that
are likely to repay é.tudy (6,8). But even when the variables that are vorth
investigating have been identified, the task may still seem baffling. Some-
thing like humen curlosity must depend on a vast network of factors, each of
vhich may make a comnaratively slight contribution, and individual differences
mmust be enormous. large groups of Ss and cuantities of experimental material
may thus be required to establish that a single variasble has a significant
effect.

An intermediate stage appears necessary if the project is to become
praoticadble, namely the exploratory experiment. This would use smell numbers
of subjects and sample the effects of several variables at onse. BSuch an
experiment may well prove too insensitive to perkit definitive conclusions
about some of the relationships it stucies. But it could save us from many a
cootly blind alley by indicating which variables appear to de im.ortant and
worth pursuing. The experiment discussed in this article was intended to pel-
form this exploratory funetion. ' a
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PREDICTICRS

Agcording to the theory, epistemic suriesitiy is sareused hy stimlug-patterns
of the sort Skinner calls 'thematic probes' (11). The elearest emamples are
questions, whioch are assumed to evake, among others, drive—predusiag respemess.
The ocuriosity dmive-~strength is stated to insrease with the amplitude of theess
érive-producing responses (r,r) and also with the degree of ecnfliect (7)>. between
synbolic responses.

‘In the experiment, an experimental group received (1) a fore~questionmsire
about invertebrate nnimals, (2)_‘ a communication giving ansvers to the questions,
and (3) an after-guestionnaire which repeated the questions. A eontrol group
undervent the same procedure except for omission of the fore~cuestiéomnsire. In

this situation, seversl phenomena could be predictec from tie theorys-

A. Effects of pre-questioning 1) It would be expected tuat the experimehtal
group,-at the time of resding the snswers to the questions, would, mere eften than
not, recall the questions and thus have their curiosity re—-arsused. liv such pro-
cess could oocur with tine contrel group. The reduetion of the curiosity to a
subliminal value by the rehearssl of ithe snswers . _ would thus increnee the
anount of r;iru'orcomnt (K) or drive-reduction, and this would make the experi-
mertal group learn the answers more effectively than the control group. IThe
experimental group weuld thus reesll more snswers Wien the after-questiemmnaire
is presented.

2) The arcusal and subsequent reductiom of
suriosity is stated to inerease ihe mmplitude of euriesity-predusing respsnses
(ryp) to similar questions on future cesasioms. rhea 8s sre required to indicete
whieb of the animals figuring in the experiment thay weuld like to know more
about, we san somsequently expeet the experimental group to ehesk off more amimals
than the ocentrel gremp.

b« DResoznitish of snsyars Yhem ene of the anpwers in the cemmmmisstian Lo
reseived, suriesity sreused by the resall of the question will be redvsed. - 3
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a question is recclled, its ansver will presumably be reeosnized as such. It

follows that the learning of statements recogni.ed as answers to questions from

the fore-questionnaire will have the reinforsement of this curiesity-reduetiem ,

and so they will be more probably recalled than others during the after~questiomnaire.

C. ZEffectiveness of different clasces of cuestions Wé have two ways of
comparing the effectiveness in arousing curiosity of two different classes of
questions. Ss wers instructed to mark with 'K' 12 guestions out of the A8 $n the
fore—~questionnaire whose answers they most wan‘t’,od to know, and so we can note the
number of cuestions in each class that were marked 'K'. BSecondly, we can note
the number of cuestions in each clasc that were ana;:ox"od correctly during the
after-questionnaire.

The conflict-variable (F), which the theory cites as a determinant of strength
of curiosity, is otated to depend on the equality, the absolute strength, the
number and the degree of incompatibility of the competing response~tendencies.
This allows us to identify certain classes of cuestions which can be expected to
arouse more curiosity than others, ms shown by both measuress-—

1) Pamiliarity. It is hypothesized that the more familimr the principal
concepts in the questions, the more numerous and the stronger the competing sym-
bolic response-sequences to which they give rise. HNoble (9,10) has demonstrated
that there is a correlation between the familiarity of words and tb. mmber of
associations they slicit. 8e were instrusted to rate the sximmls figuring in
the questions for familiarity at the start of the experiwent, and familiarity
was also menipulated by providing introdustory information about two of the
snimals. Questions about more familiar animals, familiarity beipg judged by
either operation, should arouse more curiosity than others.

2) Ingompatibility. Questions whose consepts seea incompatible to Bs
will nrouse more conflict than others and con-iquontly more ouriod.ty. Ineen-
pa.tibility‘nl Judged by having Ss mark those questions in the fore-questiemmaire

which surprised them, and also by waing a group of judges, whe indieated whigh

P S
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predicates reemed to them least apulicable to the animals.

3) A preliminary experiment, reported elsewhere (3, ap:endix), supported
the prediction that (uestions with four alternative answers arouse more curiosity
than those with two alternative answers, as we should expect in view of the mmber-
of-competing~-tendencies varieble .

d. Corrslstion between mgagures of curiosity. The cuestions which Ss
marked with 'K', as arousing most curiosity in the fore-questiomnaire, should
be more likeiy’thﬁn others to be ansyvered correctly in the after-yuestionneire.
There are two mechanisms by wnich this could occurs. Whether a question is marked
(K' depends on how much curiosity it arouses in the fore-queationhaire, and
éh;ther it is answered correctly in the after-cuestionnaire is assumed to depend
on the strencth of curiosity at the time of reading the answer in the communica-
tion. The thecory implies thet these tuwo degrees of curiosity will be correlated.
A sup_:lementary or alternative mechanisa might be a closer reading of cuestions
selected for marking with 'K' and consecuently = more probeble tecali of sueh
questions in the communicaiién. Elther mechanism would cause our two measures to
be correlated and would meake both depend on the degree of curiosity aroused by
the questions.

E. Surprisincness of angwers. Ss were inetructed toc indicate which state-

ments in the communication they found surprising. Such statements will bave

some ajparent 1nconpatib111ty between their concepts, and this will add to the
curiosity aroused and then reduced. Theee statements should therefors be more

$ffectively learned and more probably recalled in the after-cuestiomnaire than

others.

PROCEDURE
Bxperimental Group (54 3s). The following thraee phases were taken {n immediste
sucecession.
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Phase I. Section ]. A list of twelve animals was presented, and Ss were

instructed to rate each animal for familiarity on a 4-point scile, ranging from
'seen, read or heard e fair amount of' to 'never heerd of'. The twelve animsals
congisted of eight that Ss vere almos{ bound to have heard of and four ‘exotic’
animals that vere unlikely to be known t< them. OFf the 'exotic'! aniwmals, two .

lsea-

were real (the cea-mat and the sea-gooseberry) and tvo were £1otitious (the
waep' and ‘t'.'::-e 'stringsvorm®).
Section 2. Paragrsphs of about 120 worde each, giving = general dee-
erintion of tvo of the 'exotic' animalc, one renl and one fictitious, vere read
by S8s. For half the Ss’(sub-group EA) the animzle were the sea-gooseberry nnd
the !'strincworm’, while for the remeinder (cub-group E£B) they vere the sea-—at
and the 'sea-waz;p'.
Sectlon 3. A series of 48 que:tions, four on each enimel, was pr‘-
sented, and S had (a) to check off the correct answers from two alternatives
per cuestion, (b) to mark with '0! those answers of which he felt certain from
previous knowledge, and (c) to merk vith 'S thoce questiones vwrich surprised him.
Section 4. 8 had to go back over ’th cuestions in Section 3 and mark
_with 'K! the three questions out of each consecutive zroup of twelve vwhose ansvers
“he would most like to know. ;l‘welve questions out of 48 were thus to be so merked.
Ph;ee II. B8 received sheets conteining 72 statements, & about each ot the 12
' animals. These vere in a random order, not corresponéing to the random order
of tlhe questions in Fhase I. S wac (a) to mark uith 'S' every ctatement that
surprised him and (b) to check off every statement that-he recognized as an
answer to one of the questione in ‘hase I. An answer to each of the 48 cuestions,
coinciding with one of the alternativee offered in rhase I, was included among
the 72 statements. The tasks served the double purpose of croviding E with

information and indkoing, as f-r as possible, a non~lesrning set.
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Phape IIX. BSection 1. The 48 critical cuestions were agein presented, this
time in an open-ended form and in yet a tuird random order. Ss had to f£1ill
in the ansver sivon in “haze II, wvhere rememberec.

Section 2. The 12 animales vere listed, eand S had to chieck off
those he would likko to knor more sbout. Tinally, there vere uections on tie
interestingness of the e¥periment and desire to o more nbout aninale.

Control Grouv (34 Ss) The procedure wac exactly the coze sc for the enzerimentel

group, except that Section 3 and Saciion 4 of rhmse I (tie Pure-cuestionnaire)
vere omitted, and the recognition~tect in Prnase 1l did not ap:ly. Pazse I
exigted in tvo versionc, as i'ith the expsrimeatml groups 17 Ss (zubesroun CA)
received paragraphs nboul tiic sem-goosebzrry and the ‘'striangiorn!, mad the otker
' t
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17 (sub-gzroup CB) read about the gea~-unt and ths
Judres (30). The judges, taken from tie same nopulztion aé the S, received a
list of the eight 'non-exotic' animals used in the experiment. Cpzosite the
name of each animal were four—phrases, raprecenting the predicates implied by
each of. the four questions about that animel. Txre judges hnd to check ¢ff the
two phraces that seomed to thiem lenct likely to ap3ly te the snimel concerned.
Of the 48 ansvere to cuections from the fors-cuestionnaire that vere pre-
scntod 1a Phase II, 24 (2 per animal) were true =2né 24 (2 per animal) vere
folses This was to control for previous knowledge of the subject-matter and for
the fact that the animals mentioned differed in fanmilieritye If all the ansvers
provided had been true, more knovledgeable Ss wouldé “zve had more coincidences
beti:een the answers checked in rliase I ané those lnrned in hase II, and th

following poesibilities might have invalidated the conclusionsi-

(1) Any previous knowledge that inclined S to :refer a particulasr response

in ‘hase I nay have made the corresponding fact easier to learn in rhase II.
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(2) The act of eelecting an answer in ihase I may have yrovided reinforce—
nent for the bond betueen question and ansver to sup:lement the leerming in
Phage II.

The familiarity-variable necesscitated precautions against two further
posaibilitiess-

(1) The correct anwers to cuestione about familiar animals might have been
encountered in the past. These ansuers migiut nave been subli-inal, so that they
could not be recalled in Fhese I, bat they might nevertheless have provided e
residue of Labit-strength to make the re-lenrning of theu in rhase Il easier.

(2) It might Lmve been possible to infer tiae correct answers from wnat
wae slready known about the animnls. (Ve guarded =gainst this dlso bz inclusion
of fictitious enimmla, the ans:ers being selected at random in their case).

The expedient of making half the anevers false ensured that, no matter
how ruch S's prior knowledge ~bout the animalsc, this Xnowledge vould faeilitate
and ainder the learning of ecusl numbers of answers. It c2used the proportion of
coincidences per S betwsen answers checked in -hase I and answo‘rs learned in
Zhase Il to aporoximate one half.

SUBJEQTS.

All 68 Ss and 30 judges were undergraduates taking a course in lormal Human
Personality at Brooklyi College. They had all had & previous introdustory course
in General rsychologye

RESULTS AND DISCUSSION

The following rules were observed in computing results, except where
stated otherwise.

(1) A1l questions marked 'G' in the fore-questionnaire (i.e. those whose
answers Se olaimed to know with certainty) were omitted. This was besause
in such qases curiosity way not be aroused at all or may funetion im a speeial
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way, and different Ss felt certain of different numbers of ansvers.

(2) In some cases, Ss ay:eared to have misunderstood or overlooked some
of the tasks. Therefore, (a) if 8 had marked no cuestion with 's' (to indiocete
surprise) in i‘hasze I, his data were omitted from all calculrntions ].nvolvi.ng
that variable, (b) if S marked all stateuents in Fhase II with eitrer '8! (indi-
cating surprise) or with a check (indiceting recognition of an an-w'or); but not
Loth, hie date w.re disregarded where thesze varistles were relevant, (c) ir B
marked more or less than 12 of the questions in ihase I wdth 'X' (indieating
desire to know the answer) nis data were included, but if he max;ked none at
8ll they were dicregarded vhere relevante

For the comparisons betweer e:perirental snd corirol groups, we use the
t-teste But for other results, which involve comparisons between cuestions or
ancwers, differing in number from S to S, that belonged to differcnt categories,
ue use the ohiz—teet for data poolsd from all Ss, with Yates' correction. Some
stotistioians object to the use of ire ent? for. such dats, oxie objection being
that tue tcst does not distingﬁish betveen eflects wrich the jroup as s vhole
has produced and those due lesrgely to a few exceptional individuals. Wg bave
consequently given, in colums headed 'Sa! in the tebles, the mmbers of S8e
vhose data show a devietion from oxpect;ed‘proportionn in the ssme direction
as the contingency table for the whole group. For example, 26/29 indicates
that 26 out of 29 88 show such a devistion. In rmny oceses it will be seem
that the results would emerge as significant by the sign-test. But in gensral
our only Justifieation for using this method of analysis is the neceseity for
an exploratory and consequently relatively insensitive experiment, as explatimed
above. The effects we are seeking are too slight and the deta toe few fer sush
technifues as amalysis of varianse of proportions based on differest mumbers (5),

and wo we have to eontent curselves at this stege of resesreh with more temtative
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conclusions than they vould sanction.

A. Lffects of pre-questioning. Table I displeays the comparisons between
experimentnl and control group that show whether the pre-cuestioning, which only
the experimental proup underwent, increased curiosity. We compare the mean
numbers of cuestions enaered correctly in Fhese III and aleso the mean numbers
of animals checked in Section 2, rhage IIIl. Both differenses oconfirm the pre-
diction significently. All cuections, including those marked 'C' are included.
No significant differences uere »roduced by any of the quectior.xs-on interest, stc.

In vievw of the fact that the crrerimental —roup nad two tasks to carry out
in rhase II and the control sroun hod oaly ons, it mizht bte thought thet =ome
difference in the thoroughness of rezdin- the ctntementc mipht have been res-
ponsible for the greater recnll-ccores of the experimesntel zroun. But a similar
gignificant difference was found in the :relininsry ex:eriment (3, a-zendix),
in vhich both groups slike had nerely toc read thnrough the communication in rhase
II.

B. Recognition of snsvers. The first row of Table II shows that statements
recocnized by the exnerimental group as ansvers to cuestione from fhace 1 wvere,
es oredicted, more likely than others to be recalled in the after-guestionnaire-
The second row of the table shows that gquestions Se narked 'K' (i.e. those whose
ansvers they most wished to knovw) in . xase I uere more likeiy -to nave their
angwers recogni-ed in Fhase II. The latbter relations:ip was not predicted by
the theory. To explain it, we oan only hacard the hypothesec thct (1) quections
evoking more curiosity may, like other drive-arousing stimuli, receive more
attention (2 p.143) ané thus be more essily remexmbered, (2) quections marked
'K’ may receive more attention, or (3) the drive-producing res:onses, tWh
subliminal, may persist in some form, so as to su.plement tne statements in
Phase II as stimull re-evoking the questions. Such subliminal drives, known

as 'quasi-needs' or 'tensions', have been posited by Lewin and his followers (7)



TABLE I

EFFECTS OF PRE~QUESTIONING
(EXPERIMENTAL.GROUP, {34 S8) VS. CC.TROL GXCUE (34 Ss))

! %

‘ Mean correct answers : t. " Mean animals checked - t
... . ~inPhase III -~ :  in Fhase IIT

| Exp. Gp. | Cont. Cp. ' " Exp. Gp.; Comt. Gpe

| z '
. 32.11

D S T D

21,15 3.29 (01 . 5.38 1 3.36 2.9



TABLE II

RELATION BETWEEN RECOGNITION OF ANSWER AND MEASURES OF CURIOSITY
EXPERINELY AL GROUP)

Cuestions ;

Answered correct- -

ly in Phase III
Vs,

Not answered

corrsctly

iarked K
VBe

Not marked K .

(

Ansvers

recognirzed
732

325

256
780

Answers not | Chiz
72 ’ 31,38
9
2 725

138

P Ss
(+0001  26/29
{01 .27
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as an explanation of the Zeigarnik effect. They are also reminiscent of
Freud's 'unconscious wishes', vhich may likewise lie dormant until they
detertﬁine a response jointly vwith incoming external stimuli.

C. Effectivenes- of diffcrent clasgses of cusstions. The last four rows
of Table III proscnt comparisons between different classes of cuestions put to
the experimental group according to our tvo ways of estimeting the effectiveness
with vhich they arouse curiosity. le examine the number of cuestione in each
class ansvered correctly ené the number ansiered incorrectly in Phace I1II, and
similarly ve compare the nurbers merked 'K' (as among ihe 12 whose ansiers Ss
most tished to mov) and not marked ‘It in'iixé.se I.

1) Familiarity. Ye compare quer:t-ionc 2bout animals merked 'seen, read

or heard a fair amount' or ‘seeu, read or hesrd a little'’ (hereaftér referred
to as the 'more femilisr animals') with thorce marked 'heard of, but know notuing
about’ or 'never hesrd of! (hereé.fter referred to 25 ths 'lgss familiar snimalg').
Table ‘III shows thet ques;.ions about more familicr animalé evoked more curiosity
by both tests. The two 'exotic! animals about vhich Ss received nrevious in-
formation vwere omitted from thit; comparison, =s they received a srecial tmeat-
nente The other two were included, except where a fictitioue animal received
a rating other tian 'never he=rd of'.

It night be sugrested that the better recall-scores for gyestions about
more familiar animla were due to the fact that more of these cuestions were
marked 'K',which may have caused them to be read more atlentively in Phase I

remembered

and perhaps/more easily in Phese II. However, in the preliminary experiment
(3, appendix), onlyhalf the Ss in the experimental group had to carry out the
tesk of marking questions with 'K', and mo significant effects on recall-scores

of the presence or absence of tth oreration were found.
The effects of guestiony sbout familiar animals wust be distinguished from
any tendency there might be to remembder fagts sdeut fumiliar animels better.

The date on the Control Group in Table IV reveal that there is sush a tendensy.
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Hovwever, we can ascertain vhether questions about more familiar animmls
have an efi’ect over and above this by comparing for the two groups the
proportions of guestions answered egrrectly in Phase II that fell in the two
categories. Ve already know thet pre-questioning increases the probability
of recalling facts. But vwe wish to know vhether this increase is signifi-
oantly greater for questions about more familiar animals, i.e., whether sush
questione arou&e more curiosity. If they do not, ve should expect the correstly
ansvered cuestions to be distributed in equal proportions between more familier
and less familiar enimals for both groups. Table V supports the prediction
that more curiosity is aroused by cuestions relating to more familiar animels.
In the case of the control group, the fisures are adjusted, because those for
the experimental group exclude questions marked 'C' (those whose answers Ss
claimed to be certein of). It is nssurmed tiat the —control group would have
marked with 'C' the same proportions of cuestions in each category as the ex~
perimentsl group, and the totals are reduced by these proportions.
Each of the four ‘exotic' animsls received an introductory paragraph

of information for half the Ss of each group, but not for the other half. Ue
are thus enabled, confining our attention to the ‘exotic! animals alone, to
compare the effects of questions about urgviguggnfg;gtiog and nNEN- revioys
information animals respectively. Table III shows that there is no signifieant
difference in curloslity by either test. But the data from the control group
in Table IV (adjusted, as atove) show that there is a tendency for facts about
previous—information animals to be learned better. The fallure of a signiffcant
difference to appear for the experimental group may whll have been due to its
being swamped by the pre-questioning variable, which may have prodused a eelling-
effect. '

2) Ingompatibility. There are two indicatiens available te us of whieh
questions contradicted Ss' expectations. We have the marking of questiems with




Cont.

TABLE V
QUESTIONS ANSWERED CORRECTLY IN PHASE III
( EXPERIMENTAL .GROUZ)
More familiar | Less familiar :  Chi®
animalse © animals :

659 s 36

198 o e

(+05
(1 tail)
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'5' in Fhage I, vhich reveals those Se found surpriging, and we have the

judgen' selection of the two cuestions out of the four on each animal that
1nvolvéd vhat a.peared to them the lezst n_.plicable predicates. The latter
dichotomy beti:een ‘incompatible-concept! and 'non~incompatible-concept! cues~
tions has the ndvantage of being orthog&nal té any comperisons betveon.aninall
on the grounds of familiarity etc., ac each animal had two guectionsin each
category. Table III showvs that, according Se' revorts (merking 'K') of desire
to knov ansuvers, surprising and incompatible-éoncept cuestions e§oied more
curiocity than the ot:uers. But no effect of tliese variables on recall vas
manifected. Ue can check on the sgreement among the judges in their selection
of inconzatible coacevls by countinz the number of judges marking the tivo most
and the number nmarkineg the two lenct frecucntly selected concepts for esch animal,
and perfomming a mean-difference test. The mean diflerence per animel is 14.52,
t = 4.09 and p is less tian Cle The .relinminary experiment (3, eppendix)
supplied some slight evidence in favor of a correlation betveen surcrise and
probability of recall, and so lack of sensitivity mey have been responzible

for the falilure of this effect to reveal itself.

L. Correlation between measures of curiositv. The first row in Table
III confirme that questidns marked 'K! by the ex;erimental group in rhase I,
indicating desire to know the’ansucrs; vere more likely to be enswered correctly
in Phase III, thus revealing the predicted correlation between our ti:o measures
of curlosity. Since we find that both the recognition =2nd the subsecuent
recell of answers are more probable if the corres:ionding questione are marked
;K', the relation between the first two may be a reflection of these correla-
tiéne instead of being due to the rensons we adduced. The present experiment
salone does not allow us to decide between these alternative explanations.

E. g 88 answgrp. It remains to investigate the comparative

ease of learning statewents marked 'S' (as surorising) in Phase II and state-
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ments not merked !'3'. The last twe rews of Table IV show that the experie
mental growp, as predicted, resnlled a nigher propsrtion eof surprising state-
ments in Fhase I1ls But thie redidion was not significantly herme ext W
the control groupe..

ilo lepitimete conclusion cen be drawn from this difference between the
two rroupe, sapo ithe control rroup markeé significantly more steterents as
purprising (ch12 = 237.94, p 18 les: t!mn.CCOl). This was probebly due to
the faot that the control group iad only one tesk to _erform in lase 1I,
vheress the experinental group -ad two. As a result, the control group ere
likeoly tc have hndéd 2 louver threshold of surprisingnesc for = sitatement to te
marited 'S, ead so thelr data may have been lecs sharply discriminating.

‘Ihé effect of the surprisiarness of an ansver could be expleinsd evay
if this variasble were mssociated with ihe frmiliarity of tiie animamlse But
eht® for both ezperimental and control rrouns is under 1«00, and co thie ean
be ruled out.

SUMRARY

An exploratory exveriment, designec to test some of tine redistions
fron a theory of huxmen epistenic curiosity, is x;eported- An experimental
group received (1) a fore-guestionne=ire about invertebrate animals, (2) a
series of statements including answers to the cuerstions, and (3) an after-
cuestionnaire, repeating the cueations of the fore-cquestiomnaire. A contrel
group undervent the same procedure except for the fore-cuestionnaire. The
recall of the answers in the after-cuestionnsire and Sa' reports were used
as measures of curiosity. The results tend to confirm the following predistionas
(1) that pre-questioning arouses euriosity, (2) that the two measures of euriesity
are correlated, (3) that statements recogni-ed as sanswers to questisns frem

the fore-questiommaire are mors likely than others to de resalled im the after-




quertionnaire, (4) tnat questions about more familiar animels and cuestions
whose congcepts seem incompatible arouse more curiosity tuan others, (5) that

surprising statemenis are more likely to be recalled in the after—questionnaire

than otherse.
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