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FOHEWORD

A proposal to study exploratory behavior in elementary school
children was submitted to the Department of Health, Education and
Welfare in July of 1968. The objectives focused upon a comparison of
curiosity behavior with certain variables, namely age, sex, race and
school achievement. 1In addition, a compariscn was planned o7 an
ethological approach to assessing curiosity (i.e., an analysis of
motor responses) with two other curiosity assessment techniques: In-
dividual Interviews and Teacher Ratings.

In March of 1969, the study proceeded essentially as proposed with-
out H.E.W. support and without videotape as a form of documentation.
From the results of that study (published as a dissertation), the author
reported that the amount of exploratory motor activity toward a
particular set of stimuli was influenced by the race of the child,
partially by his age depending upon the number of unsolicited :juestions
he asked, and not at all by his sex or 1.Q. A lack of correlation
between amounts of exploratory motor activity and amounts of curiosity
as determined by Individual Interviews or by Teacher Ratings was also
reported. It was concluded that there is likely to be an observable
difference between the amount of curiosity an individual actually
exhibits through motor responses, and the individual's perception
of how curious he is as indicated by interviews or how curious his
teacher perceives him to be in the classroom.

By June of 1969 the initial proposal was funded by il.E.W. A
decision was made by the author to expand the work to include a study
of the relationship between curiosity, persistence, problem solving and
intellectual development. The study described on the following pages
is the outcome of that expanded investigation.

Rita W. Peterson
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CURIOSITY, PERSISTENCE AND PROBLEM SOLVING
BEHAVIORS OF EIEMENTARY SCHOOL CHILDREN

ABSTRACT
Introduction

Curiosity, persistence, and problam solving hehaviors of young
children often involve a large measure of physical activity. A study
of the physical activity or motor responses associated with these
behaviors was undertaken in order to learn more about the general de-
velopmenta) nature of intellectual curiosity, persistence and problem
solving among elementary school children.

An environment was created within the laboratory which fostered
the expression of these behaviors in & somewhat natural way, The
resultant hehaviors were recorded on video tape to provide documen-
tation which would permit delayed analysis and multiple analyses
among investigators. Four primary questions were investigated:

1) How are curiosity, persistence and problem solving behaviors
related to such variables as age, sex and race among elz=
mentary school children?

2) How are curiosity, persistence and problem solving behaviors
related to each other?

3) How is intellectusl development, described by Piaget, re=
lated to curiosity, persistence and problem solving behaviors?

4) Can different measures of curiosity, such as teacher ratings
and the anaiysis of motor responses, be equated?

Method

The sample consisted of 125 children. Approximately equal
nurbers of a)kindergarteners, second, fourth and sixth graders, b)
boys and girls, and c¢)Black and non-Black children were represented.
All children voluntarily went to a game room to play Piaget's billiard
. game. Upon arriving, each child was unexpectedly confronted with a
scheduled delay. He was invited to wait in a waiting room, partially
partitioned within the geme room., Behaviors exhibited during the
waiting period and during the game playing period were analyzed in the
followinrg 1:anner.

Curiosity - The first five minutes spent in the waiting room was
designated a8 a measure of curiosity. fThe waiting room was iilled with
objects chosen to stimulate curiosity. FEach child was told he might
8it or do as he wished with any of the objects in the room while
walting. Curiosity or exploratory behavior was identified as informa-
tion-gathering responses such as looking, touching, Jistening, smelling
and tasting. These respontes were assigncd to one of three categories

.9



or levels of sensory input: ILevel 1 - approac the object(s),
level 2 « manigulati_xzﬁ the object(s) without causing parts or objects

to interact, znd Level 3 = reorﬁanizyg the object(s) by causing parts
or objects to interact with each other or the enviromment.

For an analysis of the video tape, 20 observations were made at:
15=-gecoad intervals during each 5 minutea of curiosity behavior for
each child., Within each 15-second interval, only the highest level
of response was scored, For example, within 15 seconds a child might
approach an equal arm balance (Level 1), pick up aame weights (Level 2)
and place them on the balance pan (Level 3); he would receive & score
of 3 for that interval, Tsbulations of all numerical scores derived
from the response level of each interval resulted in a composite
score for each child. Composite scores were interpreted as the amount

of curiosity expressed, and were used in quentitative comparisons
between children,

Problem Solving - During the second five minutes of his wait,
each chiid was presented with a problem to solve, a "puzzle box".
The box was made of wood, with a 1id that hinged on one gide and was
secured on the remaining sides by 3 padlocks differing in color and
shape, With the puzzle box, the child was also given an assortment
of keys and told, "The puzzle is to open the box using these keys.
If you get the box open, you may choose one of what is inside.”

Problem solving behavior was analyzed according to 1) the stra-
tegies used to solve the problem, and 2) ultimate success in opening
the box, regardless of the strategy used. Stragegy levels were based
on the degree to which the child controlled one set of varisbles
(either the locks or the keys) while changing members of the other
set of variables: Level 1 - trial and error, (e.g., key #1 in red lock,
key # in blue lock, etc,); Level 2 - fragmented patterns, (e.g., key
#1 in red and blue locks, keys #2,3,4 in yellow lock, etc.); Ievel 3 =
more or less cozplete patterns, (e.g., all keys in red lock, or key
#1 in all locks, etc,). Strategy levels assigned to children were
treated as scorea for comparisons between children. 2) Ultimate success
in solving the problem was represented by the number of locks opened;
this nurber was also treated as a score in a gecond set of problem
solving scores,

Peraistence - The amount of time each child spent trying to solve
the pro>lem constituted his measure of persistence, Time was measured
in minutes and seconds, and converted into a score based on the per-
cent of time he persisted during the 5-minute interval in which he

had acc2ss to the problem, '

Pigetian level - The verbal responses of each child playing the
billiar]l game were analyzed according to criterias developad by Plaget
for thc billiard game, to distinguish between developmental levels
of intelligence, )

10
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Results

Mitivariate and subsequent univariate analyses of variance in-
dicated that la) curiosity increased with age when children were left
alone in the waiting room (p =.05); Black children were found more
curious than non-Black children (p= .05); and no significant difr-
ferences were found in curiosity belwcen sexes, 1b) In solving
problems, the use of strategies based on logic increased with age
{p =.05), but did not vary between sexesor racial groupc. 2c¢) Ul-
timate success in solving the problem, regardless of the strategy
used, increased with age (p= .05); boys were found more successiul
than girls (p =.05), and uo significant differences were found be-
tween reacial groups. 1d) The analysis of persistence in relation to
age, sex and race was limited due to unexpected "ceiling effects’
(88% of the children were 100% persistent); but within these para-
meters, persistence appeared to be related to age and not to sexes
or racial groups. 2) Gcores of curiosity, persistence and problen
solving were not found significantly correlated to each other over
all groupss but this outcome nmay te due to the effect of limited
rneasurement intervals ured and/or the constricted range in persistence
scores, as much as to any inherent relationship between thesc be-
haviors. 3) Piagetian stages were found to have a strong posjtive
association with successful solution of the problenm (Fé 12 (.95)=
3.07, p= .001); weak but positive association with curléslgy
(p= .09) and persistence (p= .13), and no association with strategies
used in solving the problem. 4) No significant correlation was foundi
between the amount of curiosity expressed through motor responses to
concrete objects in a waiting room and the amount of curiosity aszessedl
by the Teacher Rating method when applied by the participating
classroom teachers., Finally, the findings of this study confim
earlier findings (l-a, aboves, reported by the senior author in a
previous study of the curiosity behavior of elementary school
children (Peterson, 1969).

Conclusions

This investigation has established a datu bank containing base-
line information pertaining to curiosity, persistence and problem
sclving behaviors of elementary school children. The data are stored
on approximately 20 hours of l-inch video tape, Such information,
stored in data banks, can and should play an increasingly important
role in educational research, Audio and video recorded expcriments
will permit investigators to "rerun" their experiments in the sensc
needed to make finer diseriminations, to establish agrcement among
investigators, and to avoid costiy duplication when multiple base-
lines or frames of reference are used.

The results from the analysis oi' the data recorded during this

11
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investigation differ in a number of ways from results reported by other
investigators in this field of study. When curiosity, persistence,
and problem solving behaviors were studied from the standpoint of
physical activity (motor responses) toward concrete objects, these
behaviors varied between age, sex, racial, and Piagetian groups in
many ways not predicied by paper-and-pencil tests. Clearly, research
is novw needed which will clarify the nature of these differences
resulting from the use of various measurement techniques. Such re=
Search should lead to an understanding of the difference, if one
exists, between the exploration of concrete objects in the environ-
ment and exploration of conceptual ideas, between solving concrete
problems and the solution of abstract problems,

Fram both theoretical and practical viewpoints, the present
results have implications for the assessment of curiosity, and pere
haps for some other learning behaviors as well, The wide use of
written or picture tests for measuring human curiosity has been based
on assumptions about how individuals, if curious, would respond to
certain questions, symbols, or picturea. The present findings
suggest that these assumptions should now be re-examined in terms of
responses to actual as well as simulated situations. The dictum,
"do as I say, not as I do," provides an interesting paiadox to be
probed in behavioral assessment when it is rephrased "watch whati he
doea, not what he says,”

12
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INTRODUCTION

Man is a curious animal. Given & new object or frontier, he explores.

Given a problem which he or nature has created, and speaking generally, he
persists until he finds some solution.

Those of us who are concerned with socializing the young, whether
we are pareats or teachers, people watchers or scientists, have witnessed
the fervor with vhich a determined young child explores and the persis-
tence with which he works on problems of his own choice. Yet we hLave
also experienced the disappointment when frontiers we have offered are
not explored and problems we have presented are not persistently probed
for solutions. The effort we expend in an attempt to capture this natural
motivation of young children and harness it to what must be learned,
resembles chasing the "elusive butterfly". %he study presented in the
following pages is a description of our attempt to learn more about the
nature of curiosity, persistence and problem solving as they occur in
somewhat natural situations for young children. It is hoped that our
observations may help bring about a better fit between the learner and
what must be learned.

The malor focus of this behavioral study is the assessment of motor
responses. One might ask why effort should be spent surveying motor
responses when the essence of curiosity and problem solving is going on
"upstairs",

A great deal of the concern for what is happening "upstairs”
in learning is being explored through research dealing with responses to
written, pictoral or symbolic materials. However, because so much of the
curiosity and problem solving behavior of young children is expressed
through motor respcnses {e.g., approaching, manipulating and reorganizing
parts of their environment), some effort needs to be made to clarify the
relationship of motor responses to the total behavioral picture.

Motor responses do not Just happen, but are directed by a cognitive
nervous system. When a child moves toward some aspect of his environment
and reaches out to explore or solve a problem, his motor responses
provide us with clues about his thought processes. Such informa-
tion suggests something about the ditferences between individuals and
grovps, and changes over time. Ultimately, these findings may lead to
& better understanding of the nature of the differences between exploring
concrete cbjects in the environment and exploring conceptual ideas, and
of solving conrrete problems and the solution of abstract prodlems.

13



THE PROBLEM

The problem undertaken is to create an environment within the
laboratory which will foster the expression of curiesity, persistence
and problem solving in a somewhat natural way. These behaviors will
be recorded on video tape by means of a hidden camera to the end that
such documentation will permit close and mpltiple analyses over .time. .. From
such an experiment, answers will be sought to the following broad
questions:

l. In vhat ways are curiosity, persistence, and problem solving
related to such variables as age, sex, and race among elementary
school children?

2. How are curinsity, persisteace, and problem solving behaviors
related to each other?

3. How is intellectual development, as described by Piaget, related
to curiosity, persistence, and problem solving emong elementary
school children?

L. Can different measures of curiosity, such as Teacher Ratings
and Exploratory Motor Responses, be equated?

In order to ansver these general questions, six hypotheses have
been generated and are presented in the null form on page 20,

SEARCH OF LITERATURE

Curirnsgity

Studies of curiosity or exploratory behavior have proceeded in two
major directicns which differ markedly on the basis of the individuals
being studied. That body of research with its focus on human curiosity
dravs mainly from the fields of education and psychology where curiosity
has been measured primarily on the basis of responses to written or
ricture testa. Berlyne, Maw .2d Maw, Penny, Day, Rubenstein, and Fantz
are a few leaders vho have established continued interest in this field.
Ia contrast, studies concerned with the exploratory behavior of animals
have beern pursued primarily by psychologists and by incresasing numbers of
ethologists (i.e., animal behaviorists), vhé measure dehavior in terms

14°
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of the frequercy, duration, or intensity of motor responses. OSuch leaders
45 Welker, Montgomery, Butler, Darchen, Fowler, Loizos, Harlow, and apain
Berlyne have made continued contributions in this area.

Very recently, a new trend irn research has begun to emerge which
attempts to look at the behavior of human subjects in etholugical terms.
Such studies use no '"test" but empirically observe, describe, and ansalyze
motor responses of curiosity among children in much the same way as
Piaget has descrited and analyzed the intellectual development of
children. Far from thinking of their subjects in animel-like terms, these
investigators are committed to analyzing only what they observe rather
than testing what they believe about behavior. Hutt, Blurtcn-Jones, and
Peterson~Lowery have all indeperdently developed research procedures
using this approach.

The research pursuits of these major rources differ in philosophy
as well as method; but because these scientists have addressed themselves
to mutually relevant aspects of curiosity, the diverse sources will be
brought¢ together here and examined simultaneously under the headings listed
below.

A. Curiosity and the Nature of the Stimulus.

B. Curiosity and Role of Experience.

C. Curiosity and the Age Variable.

V. Curiosity and the Sex Variaiblz.

E. Curiosify and the Race Variable.

F. Curiosity and Intelligence.

G. Curiosity and lersonality Traits.

H. Curiosity and Teacher-Ratings.

1. Persistence and Problem Solving

J. Summary.



A. Curiosity and the Nature of the Stimulus

By far the most popular area of research to date in the field of
exploratory behavior has been that which considers the relationship of.
curiosity to the nature of the stimuwlus., This is certaiily understandable:
historically, man has looked first to the most obvious for clues to cause-~
and-effect relationships. This is not to imply that investigators cited
here have assumed casual relationsbips; on the contrary, they have used
the nature of the stimulus as a source of information for learning more
about reactions of curiosity behavior in. general.

Berlyne (1957, 1960, 1966) and Fowler (1950, 1964) were among the
first to investigate the nature of curiosity-arousing stimuli, for both
enimals and humans. These two men worked independently at describing the
nature of curiosity or exploratory behavior. They found that certain
kinds of external stimuli induced more curiosity than others. For example,
events, situations, or cbjects which were novel, complex, irregular, or
incongruous elicited more exploration on the parts of subjects than
events, situations, or objects which were familiar, lacking in complexity,
or symmetrical in form (Berlyne, 1966 [a]; Fowler, 1964). These findings
have been substantiated often in the work of other investigators, as
reflected below.

Studies involving human subjects in this area &f research suggest
that a preference for surprise, change, and novelty is distinguie»able
at a very early age, Infants will play peek-a-boo longer when ihey are
surprised by the changing location of the next peek-a-boo than when the
peek-a-boo comes from a constant source.{Charlesworth, 1966). Likewise,
infants prefer to watch changing patterns in contrast to repeated patterns
when they are presented with pairs of patterns for ten one-minute exposures
(Fantz, 1964). Nursery school children aged 3-5 years were presented with
a strange red metal box that made noises and had a gear shift which could
produce changing visual effects. As the number of times increased that
the children were exposed to the red box the duration of their explorations
decreased (Hutt, 1966).

First grade children in a waiting room full of familiar and unfamiliar
objects lifted a partition to watch an unfamilier kangaroo rat four times
more often than they picked up and looked at familiar first grade books
(Peterson, 1967). Additional studies by Caator and Cantor (1964, Maw and
Mawv (1965), Peters and Pennsy (1966), Berlyne and Frommer (1966) and
Rubenstein (1967) all support the finding that surprise, novelty, complexity,
and incongruity stimulate greater exploration or are characteristic of the
preference of highly curious children.

Animals like children, appear to prefer novelty, complexity, and
change. Rhesus monkeys, after being deprived of visual stimulation, seek
greater smounts of visual stimulation (i.e., peeking through a window at
other monkeys) than normal control umonkeys (Butler, 1957). Chimpansees
will increase exploration of a cube in proportion to the number of ways
in wvhich the cube is altered: experimental cubes which differ in size,
shape, and ¢olor arouse proportionally greater amounts of exploration
than a standard white cube (Luizos, 1967--after Menzel, 1961). Infant
chimpantzees, like human infants, prefer to watch changing patterns over
constant patterns when such patterns are presented in pairs (Berkson

Q . and Fitz-Gerald, 1963).
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When hamsters are allowed to run down alleys with end boxes con-
taining (a) nothing, (b) a constant set of objects, and (c) a changing
set of objects, they appear to prefer a changing set of objects as measur-
ed by running time for repeated alley rums (Schneider and Gross, 1965).
Rats also prefer novelty as demonstrated when they are offered a choice
of two or more equally long pathways to food. On any given trial after
the first trial, they tend to avoid the path most recently travelled
(Dennis, 1939). Even cockroaches explore a colored cube more promptly
after 30 minutes exposure to an empty box than after 15 minutes ex~
posure to the same box (Darchen, 1957).

(ne of the few generalizations that has been demonstrated experiment-
ally with regard to curiosity is that objects, events and situations which
are complex, novel, irregular, or incongrous usually stimulate more
exploration then those which are simple, familiar, symmetrical, or in
general yhat the subject expects. But even this generalization must be
qualified. Surprise, novelty, complexity--these are all relative
terms when used to describe the nature of a stimulus, for they must be
coupared with the experience of the subject.

B. Curiosity and the Role of Experience

Previous experience is likely to affect the amount of curiosity a
subject expresses, according to several #nvestigators. Babims, for
example, which have highly attentive mothers (i.e., mothers who look at,
hold, or talk to their babies more than mothers who do no*) tend to
watch, manipulate, and vocalize to novel objects more than do babies
vhose mothers are less attentive, Rubenstein suggests that maternal
atge?tiveness nay facilitate exploratory behavior in infants (Rubenstein,
1967).

Likewise, experimental laboratory rats vhich have been handled in
infancy explore more in a test apparatus (i.e., cages with light and
colored panels) than control laboratory rats which have not been handled
(De Nelsky, 1966).

One might conclude from these studies that, in general, the greater
the variety of experience encountered by subjects, the more they tend
to explore novel stimuli (De Nelsky, 1966; Rubenstein, 1967). However,
some investigators have found evidence contradictory to this conclusion.
McCall has shovn that & rearing experience with movable objects in a
cage causes rats to explore less in an open field than rats reared in
geges vith immovable objects (McCall, 1967)}. McCall suggests this
difference may be a function of more rapid habituation to the strange
environment hy more sxperienced rats (i.e., those reared vith moveable
objects); NcCall mentions that others (Thompson and Melzack, 1956)
have obtained similar results vith dogs. Loizos, in further analysing
the factors which affect responses to novel stimuli in the chimpantee,
states:
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"Wnat is affected by the manner in which the
animal. was raised is the difference in the
level of arousal created by similur situations.
Thus, the more experience a chimpanzee has had
with & particular class of object, the less
easily aroused he will be by the introduction
of a further object of the same or a related
class"(Loizos, 1967).

Plaget also has concluded that curiosity is a function of the
indaividual's experience. "It is determined not by the nature of the
stimulus but by the degree to which the object is discrepant firom
vhat the individual has experienced previously" (Ginsburg and upper, 1969).

One might guess, based on the studies cited here, that early rearing
experiences such as fondling or handling appear to have beneficial
effects on encouraging the young to explore, and that because of such
precocious explorations these individuals may become satiated with
certain classes of stimuli earlier than nonprecocial explorers. In this
respect, ore might ask what effect differences in socio-economic ex-
perience might have upon exploratory behavior.

C. Curlosity and Age

One of the most common beliefs about curiosity is that it is a
characteristic of the young, and that it diminishes with age. As
Welker concluded after years of experiwsntation with unimals, "There
is an age of maximum exploration for each animal type" 'Helker 1961).
Many who have worked with children would extend Welker's 5eneralization
to include the human species.

Yet in spite of the popularity of this noticu, comparable studies
are relativel:- few. One study irvolving children is an investigation
by Pielstick and Woodruff (1964). They have compared the exploratory
behavior of average and gifted second grade children with that of
matched sixth grade children under two different conditions. First, the
subjects were observed in a semi-structured situation in which they
were permitted to interact with six selected objects. Followiag the
observation, the subjects were allowed to expose as frequently as they
wished, each of a series of slides varying in complexity. An analysis
of variance applied to the exploration time (i.e., task 1l: interacting
with the objects) yeilded no significant differences for age or ability
variables, dbut did show a significant result across objects. However,
tachistoscopie exposure frequencies of the slides (tasx 2), were in-
fluenced by age and ability variables as well as by stimulus complexity
Pielstick and Woodruff, 1964).
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In a study comparing the amounts of exploratory behavior of four
different age groups of elementary school children (5-6, 7-8, 9-10,
11-12 years), slight but statistically nonsignificant differenccs were
found between age groups in the amounts of exploratory motor responses
(i.e., approaching, manipulating, and reorganizing stimulus objects
(Peterson, 1969).

In contrast to patterns in motor activity, however, Peterson found
that S5-6 year olds asked approximately four times as many unsolicited
questions as 11-12 year olds with an adult* present in the waiting room.
This difference was significant at the p« .0l level. Likewise,
queation-asking behavior was found to be inversely related to exploratory
motor activity: the more questions a child asked, the less he explored
through motor activity. One might infer then that younger subjects were
more curious, since they exhibited amounts of exploratory motor
activity nearly equal to 11-12 year olds and in addition asked more
than four times as many questions.

The content of unsolicited questions asked by children in the study
suggests that some but not all verbal responses of curiosity may be sub-
stitutes for exploratory motor activity. The example below, which is
typical of most "bouts” of question-asking behavior by single individuals
shows all of the questione except the first to be just as easily
ansvered by motor responses as by verbal responses

"Subject 2-25 (in response to first seeing caged
kangaroo rat): 'What's that? A flying squirrel?
A wood rat? Will he hite? Will you take

him ocut? How do you open it [the cage]?' "
{Peterson, 1969).

. Because question-asking behavior was found to correlate with age
in Peterson's previous study, an attempt. will be made in the current
investigation to exclude verbal responses from the behaviors permitted
by removing the adult from the waiting room. If question-asking be-
havior is a substitute for exploratory motor responses, and therefore
has masked differences in.wuriosity between age groups, then by re-
moving the opportunity to ask questions, one should find a corresponding
effect upon the amounts of exploratory motor activity exhibited.

Isolating the effect of age alone upon curiosity is difficult.
Lotzos, and others have suggested that age and experience are in-
separable variables:

"Thus an infant chimpanzee (one year old) will
remain interested in a simple block of wood for
longer than a three-year old, who in turn vill
manipulate it for longer than an adult. Welker,
like Menzel, et. al., found that s&ge, and hence
experience of the animal, is a major factor in
degegnining the response to novelty" (Loizos,
1967).
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An examination of two additiunal studies will provide further
evidence to suggest the complexity of the age variable. Williams,
Carr, and Peterson selected as subjects young rats of four ages:

27 days, 51 days, 78 days, and 116 days old. The amount of Rocomotor.:
exploration in a maze by young rats increased with age to a maximum at
78 days and thendecreased (Williams, et. al., 1966). In contrast to
these findings, Goodrick found no marked difference in exploratory
activity for albino rats ranging in'age from 30 and 45 days to 660 days
(Goodrick, 1966). Contradictory results such as these invite further
investigation, If there is an age of maximum exploration fér each
animal type, as Welker has suggested, identifying that peak or optimum
may not be too difficult if experience is controlled in the laboratory.
Finding such an age of maximum exploration in children may be infinitely
more difficult in view of the wide variability of experiences found
among school children, and the improbability of controlling these
experiences.

A finsl aspect of interest in the curiosity-age relationship
has to do with the hesitance of very young subjects to respond to
novelty. 1In a study by Hutt, nursery school children showed marked
differences in approaching strange or novel objects, depending upon
the presence nr absence of an adult.

"The presence of an adult in the room appeared to

make the aursery school children more adventurous

and less apprehensive of novelty... The children

vho were by themseives (in the room with noveluobjects]
showed more neophobia and even when they did approach
the object, their early responses were tentative.

All of them, also first approeched the object with a
familiar toy [in hand]" (Hutt, 1966).

A tinid reaction or "latency of response" described by Hutt in
nursery school children was similarly found to be a pattern samong
young chimpanzees. Wslker ncted that young chimpansees of ages one and two
years yere initially more timid vhen presented with novel cbjects
than were chimpanzees three and four years of age {Welker, 1961).

These findings by Hutt and Welker suggest that latency in ex-
pressing exploratory behavior may be distinguishable characteristic
between age groups, vhen the presence of an adult is experimentally
manipulated. This current study may shed some light on the question,
if the cutcome of the current experiment can be compared with the
results of the previous study {Peterson, 1969). In that study, the
investigator remained in the room with the children, while in the
current study the children will remain alone in the waiting room.
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D. Curicaity and Sex

A number of studies have féund differences in curlosity between
boys and girls. The findings, hovever, are somevhat complex and
suggest that curiosity differences between boys and girls vary depending
upon the nature of the test situation or instrument.

A study by Lucco describes sex differences in curiosity which vary
with the "security" of the test situation as well as with the"independence"
of the child (Lucco, 1967). In an "insecure situation", (i.e., a
situation in which the child is asked to wait in a room with toys on a
table), nursery school boys and girls who were rated by their teechers
as "independent" wvere found to explore more than their peers who were
rated "dependent" by the teachers. However, in a "secure situation",
(i.e., one in which the child #a asked to view visusl stimuli through
& box), dependent girls explored complex stimuli for longer periods of
time than dependent boys and longer then independent boys or gtrls.
From these findings, one might conclude thatiboys and girls display
equal amounts of curicsity in insecure situations, but unequal amounts
of curiosity in secure situations. Lucco's findings were supported by
Peterson (1969), in the case of insecure situations. As descrided
previously (forward), no differences were found between boys and girls
in the amounts of exploratory behavior they exhibited while in a wait-
ing room furnished somewhat similarly to that described by Lucco.

In studies making use of interviews and pictures investigators heve
found comflicting differences in curiosity as related to sex. Penngy
and McCann devised audimbty-item Reactive Curiosity Scale, a test to
discriminate between children who would or would not "react to their
curiosity," as determined by their answers to True or False statemeits
Penney and McCann, 1964). 0irls were found to have higher mean re-
active curiesiity scores than boys, significant at beyond the .001 level
of contidence (F = 29,71, df = 2/427). A contrast to these €indings
is reported by Day (Day, 1968). 1In a series of three experiments to
deternine the importance of specific cukiosity in school achievement,
Junior high school students were asked to evaluate their degree of
interest {(on a T-point scale) in each of a series of figures which
varied in complexity. BSubjects' responses constituted a test of
spe€ific curiosity (TSC). Day found that there was no significant
difference between sexes, as determined by TSC scores.

In twvo other studies weling written ead rletureitittl;~§?li1 tive
differences in curiosity were found between sexes among fifth gr
children (Mav and Maw, 1964, 1965). From the use of such tests, the
suthors identified high~ and low-curiosity gréips.within normal school
populations. As expected, a number of ways were found in vhich high-
curiosity children differ from low-curiosity children, but of greater
interest here are the differences they observed between sexes. Boys
appeared to (a) excel in tests of general information, (b) shov greater
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persistence in hidden-picture tests, and (c) select more outgoing
activities; while girls seemed to (a) ask more and better questions
when presented with stories or pictures, (b) show greater persistence
in code tests, and (c¢) prefer (at times) more urbalanced or unfamiliar
geometric figures (Maw and Maw, 196.4),

E. Curiosity and Race

There has been 1little or no research pertaining to the relationship
between exploratory behavior and race. Among animel behaviorists "race"
is recognized as a denotation of subspecies or variecty and i8 often the
subject of genmetio’ experimentation; however, race is not used as a
population varisble in studies of the exploratory behavior among animel
groups. In the area of human curiosity, no reference other than work
by the avthcr could be found to document either racially-determined
similarities or differences in exploratory behavior of elementary school
children. When equal numbers of Black and non-Black students (N=120)
vere asked to wait for ten minutes in a waiting room filled with objects
for exporation, Black students at all age levels (kindergarten, second,
fourth and sixth grades) explored more by apyroaching, manipulating and re-
organizing parts of the waiting room environment than non-Black
students explored (Peterson, 1969).

F. Curiosity and Intelligence

Although. euriosity may be considered a correlate of intelligence
among human beings (Maw and Maw, 1964), there is less effort to
assoclate curicsity with intellectual activity on behalf of animal
subjects. Rathe~, exploratory or investigatory behavior among animals
is lookad a% in terms of its probebly survival value (Lorenz, 1956;
Loizos, 1967). :

A numbor of studies have examined the relationship between measures
of curiosity in children and measures of intelligence (I.Q.) or school
achievement. Penney and McCann have defined reactive curiosity azs a
child's wiliingness to respond affirmatively on paper to situations
portrayed to stimulate exploration. By such a Rerctive Curiosity Scale
(RCS), 433 children from grades 4, 5, and 6 vere tested. When scores
from the RCii were compared with I.Q. scores as determined by the California
Test of Ment.al Maturity, no significant correlaticn was found (Penney
and McCann, 196%).

Following the work of Penney and McCann, Dry has developed a Test of
Specifir Cwiosity (T8C) which evaluates student responses of inter. at
in the visunl complexity of a series of figures projected &n a screen
(Day, 1568). When the L.3C scores of Canadisn junior high school Btudents
were couparcd with their respective I.Q. scores {as measured by the
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Dominion Group Test of Learning Capacity-~-Intermediate), Day found no
significant correlations. Likewise, by comparing TSC scores with
school grades (as determined by "end-of-term marks in all subjects"),
Day again found no sigrificant correlation did exist between 1.Q. scores
and school marks.

In contrast tc the findings of Penney, McCann and Day, Jenkins
found curiosity and intelligence related in & complex measure. The
curiosity of children with high intelligence (as determined by Primary
Mental Abilities Test, S.R.A.) tended to decrease as the familiarity
of the stimulus (the number of science experiences) increased while
the curiosity of children with average and below average intelligence
did not vary with the familimrity of the situation (Jenkins, 1969).

In each of the studies cited above, curiosity was measured througn
the use of verbal or picture tests. When curiosity, as measured through
motor activity, was compared with mentel ability, as reflected through
standardjzed tests, significant correistions of any kind were still

- lacking (Peterson, 1969). Plelsvick and Woodruff {1964) likewise found

no differences in the amount of time spent examining objects among
children of different ability groups.

In an effort to compare children of high and low levels of curiosity,
Maw and Maw first selected subjects of comparsble mean intelligence
scores; yet they found that high-curiosity children shared certain
intellectual characteristics. These children,

1. asked more and better questions,

2, had more general information about the world in which they lived,
3. could recall more specific facts,

L., persisted lcnger at problem solving, and

5. were more alert to verbal absurdities.

The authors concluded that these characteristics which differentiated
high-curiosity groups,of equal 1.Q.'s) were perhaps aspects of intelli-
gence not revealed on the intelligence tests used; and further that
"what has been called curiosity may itself be a part of intelligence"

(Maw and Mav, i964).

A comparison of the curiosity behavior of normal and mentally
retarded children vas made by Hoats, Miller, and Spitz (1963). Three
groups of children were used in a test which determined "perceptual
curiosity” by measuring preference for complexity, asymmetry, and in-
congruity in pairs of figures: 30 mental retardates were compared with
30 normals of equal chroaological age and 30 normals of equal mental
age. Hoats, et. al., found that reiarded males showed less curiosity
than their age-equals or mental-equals. In addition, retarded males
and females tended to avoid complexity when compared with normal age-
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equals but not when compared with normal mental-equals (Hoats, et.al.,
1963). This unusual study seems to suggest that while complexity
tends to erouse similar responses in mental retardates and normals of
equal mental age, asymmetry and incongruity appear to differentiate
between these two groups, especially in the case of males, The im-
plications of this study for making statemcnts regarding normal in.
telligence and curiosity are not clear at this moment; but a similar
study to the one carried out by Hoats, et. al., that measures
locomotor responses to novel, concrete stimuli instead of verbal re-
sponses to visual stimuli, should shed valuable light on this particular
aspect {i.e., intellectual) of curiosity.

The predorinant trend in the literature cited indicates a lack
of correlation between curiosity and intelligence in children. This
is not surprising when one considers the basic mechanisms being
compared. Tests of curiosity, as cited here, measure the subject's
terndency to seek novelty, change, and complexity. Tests of in-
telligence, again as cited here, measure the subject's ability to
transform information Into meanirg (i.e., to relate new information
to existing cognitive structures). Current tests of curiosity
measure something corresponding more closely to short-term memory and
are more indicative of the child's or organism's tendency to resyond
to or monitor changes in his environment. This primitive capacity
may have little relevance to higher order kinds of thinking as
described by Gagne (1965).

This criticism is not intended to suggest that curiosity is
actually limited to simple stimulus-response types of learning, but
rather that few of us as investigators have gonc beyond that level
of testing in studies of curiosity. In the current investigation
Piagetian levels have been derived for children, and used in place
of scores from I.Q. or achievement tests.

G, fCuriosity and Personality Traits

Maw and Maw (1965) have attempted a comprehensive study of the
relationchip of curiosity to personal and social variables in elementary
school children. The vample, 217 girls and 224 boys from predominantly
middle-class suburban femilies, was given a series of 16 standardized
tests to assesa the various charecteristic differences between high-
and low-curiosity groups of children. Among the results wers: the
following: High-curiosity children were found to be:

8. more self-accepting;

b. nore self-gnffieient;

C. LQre secure;
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d. more creative, flexible, and consistent in thought processes;
e. more dependable;

f. more lcryal to the group;

g. more willing to participate in group activity;

h. more responsible for group welfare; and,

i. overall, better socially adjusted. (Maw and Maw, 1965)

Such a comprehensive study of personal and social factors re-
lated to curiosity has not been attempted since the work done by
Maw and Msw. However, a study by Penney (1965) has investigated
the anxiety variable in this context. Using the Manifest Anxiety
Scale, Penney found that school children who were high in reactive
curiosity were less anxious than children who scored low, as measured
by the Reactive Curiosity Scale described earlier (Penney and McCann, 1964).

Because personality traits, like many other aspects of our
behavior, are influenced by early experience, it seems reasonable to
assuxe that curiosity behavior, at least that pnrtion which is ob-
served, is linked to some extent with personality. A recent finding
reported by Thomas, et. al., (1970) suggests curiosity anc other
personality factors remain relatively stable over a ten year period
beginning with birth.

H. Curiosity and Teacher Ratings

One measure of the validity of curiosity tests is reflected by
the degree of correlation found between scores on curiosity tests
and estimations of curiosity levels by students' teachers. The
Teacher Rating technique was developed by Maw and Maw primarily for
the prupose of establishing criterion groups of high and low curiosity,
but has been adopted by other investigators vecause the technique as
presented by Maw and Maw provides minimal standards for gathering
information. Basically, the instrument provides the teacher with a
definition of curiosity along with several illustrations of curiosity
hehavior; it warns ageinst expecting all such behaviors from any one
child or necessarily from cnly the best students. Each teacher is then
asked to rank all of the students in her class, firat listing the most
curious, and so forth {Maw and Mav, 1965). The authors established
average reliability estimates of .77 over an B-week separation period.

A study by Day (1968) compared curiosity scores on & picture test
with teacher. evaluations ¢f curiosity, using a technique patterned
after the work of Maw and Maw in 1965. In comparing the top quarter
of the class (8 subjects) with the bottom quarter, a t-test of gdif-
ferences was significant at the .001 level of probability, indicating
a substantial agreement between curiosily test scores and teacher

leve.luaticns, according to Day.
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.In previous work (Peterson, 1969), veachers of the four age
groups f chiidren participating in the study were asked.to rank the
children of taeir respective classes according tu the Teach:r Rating
scale developed by Maw and Maw (1965). Using Spearman's Rank Cor-
relation Coefficient, no significant cosrelation was found between
the actual amount of exploratory motor activity children exhibited
and the amount of their curiosity as determined by Teacher Ratings.

The Teacher-Rating scale developed by Maw and Mew was used again
in this study in the hope that video tape analysis would provide a
better comparison of the results. A €opy of the instrument appears
in Appendix D.

I. Persisteuce and Problem Solving

The decision to include persistence and problem solving as co-
variables in a study of curiosity may help to clarify the nature of
curiosity, hopefully, but at the same time may frustrate the reader
wvho expects an in-depth treatment of the literature dealing with
persistence and problem solving. The extensive research dealing with
these latter behaviors exceeds the time and monies allotted this
research grant. However, within the limitations of the grant, perhaps
the contribution to be made by the addition of these co-variables
will outweigh the disadvantage imposed on the reader by the limited
literature cited here.

Persistence

Persistence among elementary school children appears to be in-
fluenced by a number of factors. The nature and magnitude of the re-
ward, the ege and possibly the sex cf the child, and the child's logical
or chance approach to solving the problem all appear to affect how
persistenb-he is. Likewise, the child's previous history of persistence
as well as the ease or difficulty of the problem appear to affect
the amount of persistence he exhibits. A brief consideration of these
factors is presented below.

One might expect persistence to increasc as the magnitude of
the reward increases. However, for children rated highly persistent
by their parents and teachers, conditions of high reward did not in-
crease the persistence as much as conditions of low reward (Nekamura
and Ellis, 1964). The reverse vas true, however for children rated
low in peraistence: 1low rewards decreased persistence while high
revards increased persistence. Other studies that have found the
nature and magnitude of revard to have differential effects on
different children have been reported by Brackbill and Jack (1958),
Gewirtz (1959), and Amsel and Ward (1965).
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Persistence and other tempersmental behaviors appear to remain
relatively constant in quality as children mature. This finding was
resported by Thomas, Chess and Birch (1970) following a ten year
longitudinal study of the origins of personality. As professors of
psychlatry and pediatrics, the authors have identified nine tempera-
nental behaviors which they owserved regularly from the time 141
infants were two months of age until they reached the age of ten years.
Thomas, et. al., concluded that "a given environment does not. have
the identical functional meaning for all children,” including children
of the same femily, and that further "much depends upon the tempera-
mental makeup of the rchild." This study is primarily descriptive.

It is hoped that the authors will present quantitative data in sub-
sequent publications of their important work.

In view of the findings of Thomas et. al., one might not expect
to find great differences in persistence among children of different
age groups. However, when Nakamura end Ellis compared the persistence
of kindergartners with third graders they found older children
significantly more persistent, as determined by activity in a lever
pulling task. The overall activity level was interpreted to ve an
irdex of effort, and slower responses reflected attitudinal changes
(Nakamura and Ellis, 1064).

The difference in persistence between age groups reported by
Nakamura and Ellis may be due to the strangness of the problem
solving situation for kindergarteners. Hutt found the curiosity
of nursery school children affected by the degree of strangness of
the situation (Hutt, 1967). In the curreunt investigation, no
differences ave expected in persistence between age groups, provided
that the wvaiting room environment (i.e., being left along in a
walting room) does not interfere with normal behavior of kindergarteners.

There is some evicence that suggests girls are judged more
persistent in general than boys by their parents ard teachers. Nakamura
and Ellis asked the parents and teachers of equal numbers of boys and
girls {N=56) to rate the children according to a persistence rating
scale. Among children rated highest in persistence, girls piredominated
while boys were predominant among children rated low in persistence
(Nakamura and Ellis, 1964).

The work by Nekeamura and Ellis,{1964),and Nekamura and Lowenkron (1964 )
involves white upper middle class children or children from private
schools. Likewise, the longitudinal study reported by Thomas, et. al.,
studied children of highly educated professional adults. A question of
particular relevance relates to the applicability of these findings to
minorities such as Black and non-Black low income populations. If one

. were to ussume that children from economically deprived backgrounds
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experience conditions of general low reward, then according to the
literature cited above, one would expect to find thece children less
persistent on tasks with low rewards. By presenting a manipulative
problem with multiple levels of reward to children of various racisal
and socio-econcvmic backgrounds, no differences are expected in
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rersistence on the basis of race or socioresonomic conditions. In
tk’s investigation race but not socio-economic status (S8ES) is con-
sidered asc a demographic variable; however, SES may be inferre:. from
the extent to which race and SES overlap in this particular population.

Children who use a logical orientation in problem solving appear
to be more persistent than children depending upon chance for solving
problems. This finding reported by Nakamura and Lowenkroa {1964)
measured persistence in terms of the number of trials to extinction
following the termination of reward. Logical orientation was determined
by the amount of knob turning, where knob turning constituted an
attempt to discover the pay-off pattern in a lever pulling task.
Evidence of the use of some logical orientation for solving problems
suggests that the subject persists until he has tried one or more
hypotheses relevant to solving the problem. Accordirg to Piagetisn
theory such a logical approach would begin to appear in fragmented
form at State II, Concrete Operations, and would be found in more or
less complete form at Stage III, Formal Operations ( InheXder and
Pieget, 1958 ). The problem designed for the current study will ex-
amine the relationship between persistence and logical vs. chance
approeches, as well as Piagetian stages of intellectual development.

Problem-Solving

Problem solving abilities of elementary school children vary
greatly due to a number of factors. Age, sex, and socio-economic status
are sometimes related to success in solving problems depending upon
the nature of the problems.

Piaget has described specific thought processes identified with
general intellectual development which help to account for a child's
ability to deal with particular problems or physical phenomena. In
general, these processes deal with the child's ability to focus on one,
several, and finally all relevant elements of problem 8olving or events
in a vay which permits him to see the relationship of the parts to each
other, and finally to the whole, and to anticipate strategies needed
for solving problems or understanding events ( Inhelder and Piaget,1958).
Such intellectual development, according to Piaget is determined by
maturation as well as experience.

Bourne hae found that ycunger children solve rule learning problenms
in a rote fashion while older childrenare capable of learning strategies
from indirect experience. Younger children appear to regquire direct
treining in component skills if they are to achieve the same strategies
(Bourne, 1969). Odum also reports that age plays a significant role in
determining the kind of strategy employed by elementary school children
(0dum, 1967). In the current investigation, age differences are ex-
pected to account for a major source of difference in problem solving
abilities.



Frevious experience undeniably affects performance in solving
problems, but the degree to which one's ability is dictated by his
social-ethnic-economic experience is poorly understood. Jens:in has
suggested that differences in problem solving ability, as menifested
by I.Q. and achievement tests, may be partially accounted for by
heritability or genetic components (Jensen, 1969-a, 1969-b). Under-
standably, there is little support for Jensen's position (Kagen, 1969;
Mc V. Hunt, 1969; Bereiter, 1969; Elkind, 1969; Cronbach, 1969) since
such genetic differences imply a condition over which educators wculd
have little control. However, the evidence of gross differences in
problems solving abilities with which Jensen and his critics are con-
cerned is the subject of intensive investigation (Greenberger, et. al.,
1970; Gruen, et. al., 1969, 1970; Dreistadt, 1969; Sieber, 1969;
Murray and Dennis, 1969; Bourne, 1969; Vogler and Ault, 1969; Whimbey,
1968; Odum, 1967).

In studying the effects of social-cthnic-economic tackground on
school performance, Cohen reports evidence that performance in problem
solving abilities of children are strongly influenced by rule sets
which originate from early experiences in primary group living styles
(Cohen, 1969-a, 1969-b). ™Analytic thinkers", which includes studeuts
who are most successful in school oriented tasks, tend to be the
product of families with formal structure in role assignments. '"Re-
lational" or nonanalytic thinkers compete less successfully or fail
to compete at all on similar school oriented tesks! flexible exchange
of role assignments characterizes their primary family group living
and is expressed by a student's preference for relational kinds of
situations and tasks. Cohen's findings are supported in part in a
study reported by Greenverger, et. al., (1970). Middle class boys
who were rated high in problem solving flexibility exhibited personality
correlates described as patriarchial, intrusive and assertive; this
pattern was found to be more subdued for girls who rated high in
problem solving flexibility.

Odum has separated the efiect of SES from race by compaiing the
problem solving abilities of 120 Negro children from middle and lower
income groups. His results show significant differences in problenm
solving (p=.01) between middle and low income groups (Odum, 1967).
Likewise, Griven and Zigler (in press) report SES to be signifcantly
correlated to problem solving while Gruen and Ottinger {1969) found
SES contributed no main effect to differences in problem solving
which was based on skill- or chance-derived solutions.

Additional factors which appear to correlate with problem solving
abilities include other behavioral characteristics as well as conditions
which surround problem administration. Greenberger, et. al., (1970)
found good problem solvers were generally more interested in and
alart to their environment, rated higher in curiosity by their teachers,
and able to recall more novel information. Murray and Denny (1969)
have shown that subjects of high and low problem solving abilities
perform differently when under conditions which (a) demand continued
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persistence on a problem or (b} provide for incubation time. Continuous
work improved the performance of high ability problem solvers dut not
their low ability peers, while incubation time appeared to henefit low
ability problem solvers but contribute nothing to their high adbility
peers. The authors suggest that different types of problem solving
processes may occur in high and low ability problem solvers so that
interpolated activity influences these processes in opposite ways.

The results of Murrwy and Denny do not support the general claim often
made by eminent scientists that incubation time facilitates problem
solving. This discrepancy may be due to the dissimilarity between the
problem the authors posed for their subjects and the particular nature
of the problems with which scientists work.

Logic or chance as a basis fcr solving problems has been shown to
correlate with persistence (Nakamura and Lowenkron, 1964). However,
in a study by Gruem snd Ottinger (1969), skillaoriented students,
that is students attempting a logical solution, showed fewer correct
responses than did chance-oriented students. Such results are not
surprising when one takes into account the philosophy behimd a logical
approach to problem solving: the individual willingly sacrifices early
chauce successes for later predictable successes. 1In problem solving
tasks which observe a limited number of responses, the performance
of the individual attempting to solve the problem through logical s*rategies
would be at its lowest level in the initial trials observed.

The problem selected in the current study lends itself to a
classification of responses according to logical or chance oriented
solutions. If the strategies used by the children to solve a problem
correspond to their Piagetian levels or stages of intellecvual develop-
ment, then the appearance of logic as a means of solving the problem
should be associated more or less with older children (sixth graders)
more of whom tend to perform at State 1II, Formal Operations, on the
Piagetian Task administered later the same day.

J. Summary

Investigations into the nature of curiosity have tended to
follow two courses: those studying the verbal-oriented responses of
humans to written or picture tests; and those examining the motor re-
sponses of animals to object or spacial stimulatfon. Such investigations
have proceeded vigorously since the early 1950's. Recently (1966)
a fevw investigators have attempted to bridge the gap between these two
approaches, and have begun to investigate human curioesity in etho-
logical terms (i.e., using methods developed by animal behaviorists),
studyin;, motor behaviors of young children.,
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Few generalizations can be made yet regarding curiosity, but
a brief survey leads to several tertative conclusions.

ObJects, events, and situations which are novel, complex,
irregular, or incongruous stimulate greater curiosity than those
which are familiar, symmetrical or predictable. However, when
novelty or incongruity are too extreme for the individual, with-
draval or even flight may result. The degree of stimulation a
particular stimulus offers is dependent in part upon the previous
experience of the individual.

Early rearing experiences such as fondling or handling appear
to have beneficial effects on encowraging the young to explore.
Because of such precocious exploration these individuals may be-
come satiated with certain classes of stiauli earlier than non-
precocial explorers. However, overall, the continuation of curiosity
appears to be a function of the availability of unfamiliar aspects
of the environment to explore.

Many observers have noted that curiosity is strongest in
children and young animals, and that it appears to diminish as the
young approach maturity. Yet a number of studies report little or
no difference between age groups as they respond to concrete novel
situations. By ssking children to wait alone in a room filled with
familiar and novel objects we expect to find younger children less
curious.

Conflicting results give no clear-cut evidence of differences
in exploratory behavior among children of different sexes. However,
there is some evidence of differences in emounts of exploratory be-
havior between racial groups. As such behavior is recorded on
video tape, the influence of age, sex and race can be considered.

Although curiosity has been considered a correlate of intelligence,
investigations have shown few significant correlations between
present written or picture tests of curiosity and standardized in~
telligence tests or school grades. The present study will investigate
the relationship between motor responses associated with curiosity
and intellectual development as described by Piaget.

Because there is a lack of correlation between Teacher Ratings
which assess clasaroom curiosity behavior, Individual Interviews
designed to assess children's perceptions of how curious they are,
and quantitative studies of exploratory motor activity, additional
research is needed to clarify the differences underlying these '
outcomes.
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Investigations into the nature of persistence and problem solving
have been less vigorously pursued here, but several aspects of
these behaviors are tentatively summarized as follows:

a. The magnitude of the reward has differential effects on
persistence and problem solving;

b. Age,!sex, and previous experience appear to be related to
persistence as well as to problem solving; and

¢. The use of chance or logical strategles appears to affect
persistence and problem solving in similar ways.

HYPOTHESES

The hypotheses listed below describe the overall focus of this

investigation.

Hypothesis

Hypothesis

Hypothesis

Hypothesis

Hypothesis

Hypothesis

1.

2.

There is no significant difference in the amount
of curiosity exhibited by children of different
(a) age, (b) sex, or (¢) racial gioups.

There is no significént difference {n the amount
of persistence exhibited by children of different
(a) sge, {b).sex, or (c) racial groups.

There is no significant difference in measures of
problen solving abilities among children of
different {a) age, (b) sex, or {c) racial groups.

There is no significant correlation between
measures of curiosity, persistence, and problem
solving behavior.

Intellectual development determined by Piagetian
tasks is not significantly related to curiosity,
persistence, or probiem solving.

There is no significant correlation between

assigned ranks from Teacher Ratings of curiosity

and other measures of (a) curiostiy (motor responses),
(b) persistence, or {c) problem solving.
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DEFINITIONS

Curiosity is a human concept, and as such might be vieved
simply as a tendency to seek "surplus" information. More specifically,
the term is used to descrive information-gathering kinds of activity
vhich occur when there arpears to be no immediate need for such in-
formation or activity. The noticeable characteristics of this behavior
include motor responses such as approaching, looking, touching, smell-
ing, listening, tasting, manipulating, and rearranging and reorganizing
parts or entire stimulus obJects. Such motor responses are typical of
curiosity when the sense organs being used are integrated in informa-
tion-gathering activity. For example, eyes and hand movements are
coordinated rather than being engaged in separate kinds of activity.

It is immediately apparent that motor responses described above as
characteristic of curiosity also appear in other kinds of behavior
with differently defined ends, such as seeking food, shelter and so
forth. However, the final outcome of the behavioral sequence (i.e.,
what the individual does with the stimulus object) dffferentiates
curiosity behavior from other behaviors. (Note: For a further dis-
cussion of the characteristics of exploratory behavior ree Appendix A.

The definition for curiosity used in this study will be limited
to a consideration of motor responses of curiosity in children, and
the two terms 'exploratory behavior" and "cwriosity" will be used
interchangeably. Lsatent curiosity and verbal responses of curiosity
will not te evaluated although the¢y also may constitute measures of
curiosity. - How motor responses of curiosity are measured is described
later.

Persistence has been described as a tendency to continue working
toward a goal in the face of uncertainty or indications of failure
{Amsel and Ward, 1965). Like curiosity, persistence is relative;
in the absence of absolutes,persistent behavior must be described in
relation to some problems and points in time. These parameters will
be descrived later.

O
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RESEARCH DESIGN AND PROCEDURE

The Sample

In the fall of 1968, the Berkeley Unified School District of
Berkeley, California, implexented a plan for ractal integration in
schools through bussing. Theoretically and in practice, any class-
room from any school guaranteed a balanced ratio of races reflecting
the raclal population of the entire school district. In addition,
classrooms were further balanced in terms of the range of abilities
in school achievement and in numbers of boys and girls. For these
reasons, the Berkeley school system was considered ideal for this
experiment. (Fig. 1, Composition of Sample)

Scliools within the district are designated as either lower
elementery (kindergarten through third grades) or upper elementary
(fourth through sixth grades). In order to compare four different
age groups, the following schools and grade levels were selected for
the sample of 125 children.

Wnittier Elementary School -- Kindergarten -- 30 subjects

Le t‘onte Elementary School -- Grade 2 -- 31 subjects
Frarklin Elementary School -- Grade b -- 31 subjects
Lintoln Elementary School -~ Grade 6 -= 33 subjects

For each grade level, an entire self-contained class was chosen;
however, in each case the class-8ize was less than 30, and the
additionel students needcd to complete the sample were randomly
selected from an elternate classroom of the same grade level and in
the same school.
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Matrix Showing Composition of Population Sample

(number in each cell refers to
number of students)
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Male Female
Black Non-~Black Black Non-~Black
Kdgn 8 7 6 9 30
Grade 2 9 10 7 5 3l
Grade &4 10 6 7 8 31
Grade 6 1 8 K 11 33
34 31 27 33 (125)
Fig. 1
35
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The Environment

To obtain natural and relaxed behavior from the subjects during
the observation period, the testing room wus furnished as a.''waiting
room". A large table was placed at one side of the room and four sets
of objects (described below) were casually arranged on it to stimulate
exploratory behavior. Next to the large table was a chair for
students who preferred to sit and wait. Shelves which lined one wall
of the waiting room provided easy access to a wide assortment of color-
fully-illustrated books as well as various containers of discarded
and dismantled objects, referred toby the children as "Jjunk". Concealed
behind the wall of shelves in the waiting room were a video camera
and microphone. The camers remained in a fixed posiction and focused
on the area around the table and chair. Actual video and audio re-
cordings were accomplished in an adjacent office by a technician who
operated the equipment.

Upon entering the vaiting room from the hell, the subjects could
see an open passage which led into the'game room". The game room,
wvhich was actually a part of the waiting room that had been partitioned
off by floor to ceiling book shelves, contained a low table with a
game board on it and two chairs. Like the waiting room, the game room
had a concealed microphone for recording sound. The game in the
gume room was represented to the children as the reason for their
presence in the waiting room; and, in fact, the game which they played
(Piaget’s Billiard Game) was an egsential part of the study.

Selection of the obJects used to stimulate expioratory behavior
wvas based upon two criteria: familiarity or unfamiljerity and
simplicity or complexity. Two of the objects were to be generally
familiar or commonplace in classrooms while the other two were to be
relatively unfamiliar or perhaps novel in some way. In addition,
each set of sbjects was to have characteristics which would permit
simple as well as complex investigation. The four sets of objects are
listed below with a description of each and the characteristics con-
sidered in its selection.

Stimulus 1. Rocks: A cigar box containirg eight rock or mineral
specimens; and a small inexpensive tripod magnifying nhand
lens (approximately 2" diameter).

Stimulus 2. Tadpoles: An aquarium containing many small tadpoles, sand,
a8 plant, and vater; a small inexpensive magnifying hand
lens; and a small mesh dip net.

Stimuius 3. Balance: An equal-arm balance of moderate precision, with-
threes sources of adjustment in addition to the two pans
supported by the balance beam; a styrofoam cup containing
an assortment of wooden and metal slabs te-be-used as weights.
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Stimulus 4. Tortoise: A large glass terrarium (approximately 12' x
12" x 18") with an open top. To the outs:de of the
terrarium was taped a cardboard flap (approximately
4 x 4") which read “OPEN ME". The flap concealed an
underground tunnel dug in the sand by a desert tortoise.
By lifting the flap or peering cver the top, children
could observe the tortoise. Beside the terrarium was
a small dish of freshly cut green vegetables {standard
food ration for desert tortoises).

The objects used in assessing persistence and problem solving are
described below in the context of the procedure. The game used in the
Piagetian task is described elsewhere (Inhelder and Piaget, 1958).
Briefly, it consists of a flat wooden surface, approximately 15" x 24",
having a 1" curb on four sides except for a small opening at one end.
From the opening, the child is able to shoot marbles onto the playing
vield, from a small plunger mounted on the game board fn a way which
permits the "shooter" to swivel approximately 90° within the opening
left in the curbing. As the child shoots marbles, he tries to hit
colored wooden discs placed at various locations on the field, through
a series of "bank" or rebound shots.

The Procedure

The study proceeded in three successive stag:s corresponding to
the three major sources of data to be compared. Stage I was de-
signated as an assessment of curiosity; Stage II, & measure of per-
sistence and problem solving; and Stage III, an assessment of intellectual
development in terms of Piagetian levels.

Stage I: Curiosity

Dehaviors during the first five minutes spent in the waiting room
wvere recorded on one inch video tape in order to facilitate learning
precisely how children of different ages, sexes, and races behave when
unexpectedly confronted with a situation structured to arouse curiosity,
and vhen given an opportunity to do as they wished in a waiting room.

The children in each class were told in advance that they could
come to the game room, if they chose, to play a new game. As each
child's turn arrived for playing the game he was introduced to the in-
vestigator, greeted in a friendly manner, and taken from the classroom
through the waiting room and into the game room where a game was in
progress. Stepping back into the waiting room each child was told
the following!

“(Name}, I guess they are still playing the game.
Would you mind waiting here for a few minutes?
{Pause.) There are some things over there
{pointing to the large tadle) for you, and here
(pointing to the shelves), or a chair here
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(pointing to the chair) to eit on. You may do
whatever you wish with anything here. As
soon as they have finished the game, Mrs.
Wallace will play the game with you. All
right? (Pause.) If you have any questions

I will be Just outside the door'.

The investigator then left the waiting room and remained within
calling distence in the hall.

Stage II: Persistence and Problem Solving

After five minutes of waiting in an unstructured situation, the
children were confronted with a new alternative. The investigator
brought in a wooden box (approximately 10" x 12" x 5") with a
1id which hinged on one side and was secured on the remeining three
sides by three brightly painted padlocks, and a smaller plactic box
containing an assortment of keys. The larger box was filled with
1¢ candies. As the investigator entered with the wooden box, each
child was told:

"Here is a puzzle box you mighc like to play
with while you're waiting, (Name). You see

the box has a red, yellow and blue padlock on

it (pointing to three sides). The puzzle is

to open the box, using any of these keys (handing
the keys to the child). If you can get the

box open, you may choose one of what is in-

side. (Pause.) You know how keys fit into
locks, don't you? {Pause,) I will still be
outside if you need me".

During the subsequent five minutes, children were left with the
alternative of working witih the puzzle box or returning to their
previous activity. Behavior exhibited during Stage 11 was also re-
corded on video tape for later analysis.

Stage III: Pisgetian Level

After ten minutes in the waiting room, the child was taken into
the game room as the previous child left, introduced to the Assistant,
trained in administering Piagetian tesks. While the Assistant
demonstrated the features of the game, each child was told:

"(Kame), this is a game that was built here at the
Lawrence Hall of Science. We would like to find
out if children of different ages like it...
(proceeds to describe the operation of the game).
Would you like to try it?"

XY’
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‘The children were free to play the game for ten minutes or
until they tired of it. When children tired of ‘the game before ten
minutes, the Assistant engaged them in conservation related to
improvements which might be.made in the game for future use, so that
the child who was out in the waiting room would also be given ten
minutes to explore, and solve the puzzle box problem.

Teacher Rating

In addition to data collected during Stages I, II and III,infor-
mation was also sought from teachers asked to participate in the study
by filling out Teacher Rating forms. A group evaluation of the
smount of curiosity exhibited in normal classroom activity by the
students was referred to as Teacher Rating; it was conducted in an
effort to relate the findings of this study to findings of other
investigators.

At the conclusion of the experimental phase of the study, the
teachers of four respective classrooms used in the study were asked
to rank all of the children in their classes, ranging them from
"the most curious” to"the least curious'”. Each teacher was given a
written set of instructions and criteria for ranking. The Teacher
Rating scales which were used were developed by Maw and Maw (1965).
A copy of the form is included in Appendix D.

Assessment Measures

Data from Stages I, II, III and Teacher Ratings were analyzed by
separate measures which are described below.

Stage I: Curiosity

Analysis of curiosily behavior recorded on video tape followed
a procedure developed by the author and described elsewhere
(Peterson - Lowery, 1968; Peterson, 1969). Briefly the theoretical
basis incompasses two assumptions:

1. a part of culiosity behavior can be viewed as a series of
discrete and stereotyic motor responses which occur in a
predictable sequence; and

2. motor responses which occur later in a sequence can be said
to be dependent upon responses which precede them.

If curiesity behavior fits these assumptions, tihen one is justified in
associating numerical values with responses depending upon their

order in the sequence, and such numerical values can be translated
into socres. (Note: For an example, see the illustration in the
frontispiece.)
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Proceeding from these assumptions, all exploratory moior responses
were categorized; these categories were arranged hierarchically and
referred to as response levels. The following model was the result:

Level 1 - Ss. approach the stimulus;

Level 2 - Ss. manipulate a part or all of the siimulus, using
eny or all forms of sensory input (e.g., touching, ete);

Level 3 - Ss. reorganize the stimulus by taking it apart or
applying it to some other aspect of the environment.
{See Frontispiece]

In order to apply this model to the curiosity behavior recorded
on video tape, observations of each child were devided imnto twenty
fifteen-second intervals. Within each interval, the highest level of
response was noted a4s a subscore; then the average of the twenty
subscores for each child became the final score or measure of
curiosity for that child. Since the range of response levels ex-
tended from 0, (no response}, to 3, (reorganizing), the range of
curiosity scores extended from 0.00, or no exploratory behavior
at all within five minutes, to 3.00, repetitive or continuous re-
organization of stimuli throughout the twenty observations within
five minutes.l

Stege I1I: Persistence and Problem Solving

A. Persistence was determined as the percent of time during an
interval of five minutes in which & child actively engaged in trying
to solve the problem, opening & puzzle box. Children who were
successful in opening the box before five minutes were Judged 100%
persistent. Just as children who worked continuously for five minutes
but failed to open the box. Because behavior was recorded on video
tape, careful attention could be given to the cumulative amounts of
persistence exhibited by children who were intermitient in their
efforts.

1The significance of two decimal places in curiosity scores {s important
for communicating fine lines of difference between children and groups.
Only by viewing the behavior recorded on video tape can one recognice
the need for isolating such differences: within any 15 second interval
a child may respond 1o 1-10 stimuli; the highest response level for

that interval represents 1/20 or ,05% of nis ecore. For a populstion

of 125 Ss or 2500 observations, differences between individuals or
groups may represent differences between 0-1250 responses.

O
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Persisterce is customarily measured to extinction (i.e., until
subjects solve the problem or withdraw). Children in our studs were
given a limited rather than an exhaustive encounter with the piroblem;
therefore, the conclusions drawn will be limited to the context of
this investigation and not compared with other studies of persistence.

B. Problem solving was analyzed in tvo ways: (1) the degree to
which subjects used chance or logical strategies, and (2) the degree
of success subjects achieved in opening the box.

Problem Solving ~ 1

The lock box problem,or puzzle box, was designed by the author
to provide a concrete situation in which children were confronted with
two sets of variables: multiple locks and multiple keys. The physical
distance between members of one ret of variables, the locks, allowed
one Lo follow the strategy being pursued by the subject. For example,
if the child decided to try opening the red lock first, he would hold
the box in one position while he tried several or all keys in it.
Likewise, if he decided to test whether a particular key fit in any of
the locks, he would rotate the box with euch trial of key #1, without
charging keys. In this manner, strategies could be observed.

Protocols were developed for the most efficient set of moves
associated with all commonly observed strategies. The characteristics
of all strategies included coutr~lling one set of variables (i.e., con-
centrating on one lock or one key) while changing the members of the
other set of variables. The degree of thoroughness a subject ex-
hibited in following a strategy represented his tendency to use
chance or logic in solving problems. Degrees of strategy development
are described belcw:

Level 1 - Ss. show no pattern or strategy; different members
from both sets of variables are combined on each trial;
‘e.g., 5§ randomly seleots and tries key #1 in red lock,
key #2 in blue lock, key #3 in yellow lock, etc.

Level 2 - Ss. exhibit frugmented patterns belonging to one or
more strategies; Ss may or may not have a retrieval
system (i.e., keep track of which keys have been tried
in which locks); e.g., S. tries several but not all
keys in one lock, then may switch to trying a key in
some but not all locks, etc.

Level). 3 - Ss. follow a recognizable strategy through to conclusion;
3s. usually always have an observable retrieval system
(e.g., put keys in separate piles); Ss. rarely inter-
rupt a strategy unless unexpected information is
introduced (e.g., S. suddenly finds a key which has
some property linking it with a lock other than the one
he is working on; he leaves his strategy temporarily to
try the new combination and returns to his former
strategy: e.g., of a complete strategy --S. tries all
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keys in one lock, remaining keys in second lock
and final remaining keys in third lock. (Note:
This model for problem solving, like the model for
curiosity assigns O to Ss. making No Response.)

Problem Solving - 2

Success in solving the lock box problem was simply
designated by the number (0, 1, 2, or 3) of locks opened.

Stage III: Piagetian Level

As each child played the game, the Assistant analyzed the child's
actions and explanations in terms of criteria deseribed by Piaget for
differentiating between intellectual stages of development.l All con-
versations of children were recorded on audio tape and later analyzed
by the author. Assignments of each child to a Piagetian Stage or
level based on his explanation of the game, were made independently
by the Asgistant arnd author, and resulted in complete agreement
between the independent Judgments of the Assistant and the Investigator
in all but four of the one hundred and twenty-four cases. These
latter differences were resolved by a re-evaluation of the tapes.

Teacher Rating

Each subject's rank score by his teacher(as described in the
Teacher Rating Scale) was used directly in the statistical analysis
described in the results.

1See Growth of Logical Thought, Inhelder and Piaget, 1958.

42



31

RESULTS

Four broad questions have been studied in this investigatioh.
The results of the study are presented in the order outlined below.

Part 1. 1In what ways are curiosity, persistence and prodlem
s0lving related to such variables ag age, sex and
race among elementary school children?

Hypothesis 1 ... p. 3?
Hypothesis 2 ... p. 36
Hypothesis 3 ... p. 30

Part 2. How are curiosity, persistence, and problem solving
behaviors related to each other?

Hypothesis 4 ... p. L0

Part 3. How is intellectual development, as determined by
Piagetian levels, related to curiosity, persistence,
and problem solving among elementary school children?

Hypothesis 5 ... p. U5

Part 4. Can different measures of curiosity be equated:
specifically, is there a correlation betswieen Teacher
Ratings of curiosity and measures of exploratory
motor activity?

Hypothesis 6 ... p. U9

Part 1. The Relationship of Curiosity, Persistence, and
Problem Solving to Age, Sex, and Race Among
Elementary School Children

In order to test the overall relationship of curiosity, persistence,
and problem solving to age, sex, and race, a multivariate anslysis of
variance was performed. There was no evidence that behavioral variables
were related to each other in a way that warranted a consolidation
of variables. Therefore, each behavioral variable {e.g., curiosity)
was subsequently treated in a univariate analysis of variance for
further clarification of its relationship to demographic variables:
age, sex, and race. The results of those analyses are presented on
the following pages. Table I summarizes the overall relationship of
these two sets of variables to each other. Table II provides the
observed means and standard deviations for all behaviors in all groups.
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TABLE I

Summary of the Relationship of Curiosity,
Persistence and Problem Solving to Age, Sex,
And Race Among Elementary School Children

Behavioral —* Curiosity Persistence Prob. Solv. Prob. Solv.
Demographic Strategy Success
Age * » » *
Sex - - - *
Race * - - -

(*) statistically significant at{p = 0.05) level
(~) not significantly related

TABLE II

Matrix Showing Observed Cell Means® and Standard
Deviations for Measures of Curiosity, Persistence,
And Problem Solving Among Elementary School
Children by Age (Grade**) Sex, and Racial Groups

\ Male \ Male v\ Female \ Fenale
Black Ron-Black \ Black Non-Black
Mean S.D. Mean 8S.D. Mean S.D. Mean 8.D.
K 1.82 .65 2.11 .60 1.96 .40 1.35 .95 o
Curiosity 2 2.62 .22 1.87 .88 2.47 .65 2.2 .35
Y | 2.94 2.12 2.450 AT 2.26 .66 1.96 .69
6 2.60 .31 2i07T .72 2.34h .67 2.38 .51
K 0.91 .21 0.84 .21 0.70 .29 0.65 .4k
2 0.98 .05 1.00 0.00 0.92 .19 1.00 0.00
Persistence| ) | 3 o0 .31 | 1.00 ¢.00 | 1.00 0.00 | 1.00 0.00
6 1.00 0:00 0.88 .35 0.97 .08 1.00 0.00
K 2.00 .53 2.43 .53 2.00 0.00 1.4% .88
Prob. Solv.| 2 2.11 .33 2.%0 .52 2.00 0.00 2.0 .55
Strategy h 2.30 k8 2.33 .52 2.29 .h9 2,13 .35
‘ 6 2.1h .38 2.25 1.0% 2.5T .53 2.27 U7
K 1.50 1.% 1.57 1.13 0.66 .81 o.44 .73
Prob. Solv.| 2 2.22 .83 2.50 1,08 1.k3 1.27 1.60 1.52
Success L 2.50 .71 2.83 . 2.71 .76 2.00 .93
6 2.86 .38 2.25 1,16 2.29 .76 2.18 .87

*Behavioral performances represented by Means is
interpreted in footnotes on pp. 33, 38, 4O

w%Grade levels: K(Kindergarten), 2,4,6 (Grades 2,4,0)
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Hypothesis 1

There is no significant difference in the amount of curiosity
exhibited by children of different (a) age, (b) sex, or (c) racial
groups.

Decision: Reject {a) and (c)

Resultg: Curiosity, as determined by the amount of explogatory
motor activity in a waiting room is found to be significantly related

to the age (p = 0.05) and the race {p = 0.05) of children tut not to
their sex.

Exploratory behavior increased in a linear trend
(p = 0.05) with age from kindergarten to sixth grade; mean scores in
curiosity were: Kindergarten = 1.77; Grade 2 = 2.28; Grade 4 = 2.42;
and Grade 6 = 2.36.1

Black children exhibited significantly greater amounts
of exploratory motor activity than non-Black children; mean scores in
curiosity were: Black = 2.41; non-Black = 2.02.

The analysis of variance table is presented in Table III.

The relationship between curiosity scores and age, sex, and race is

illustrated in Figure 2 on page 35. A histogram showing the actual
distribution of curiosity scores is included in Appendix C.

1Mean scores are based on the average level of exploratory motor
responses (Level 1 - Approach, Level 2 - Manipulate, Level 3 -
Reorganize) over all observations (20 per S.) over all s per grade
level (N=30). Therefore, a mean of 1.77 for Kindergarten implies
"that on the average, the typical response of a 5-6 year old was to

approach objects and sometimes, but not always, reach out to
manipulate them.

-
[+
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TABLE III

Anslysis of Variance 'l'able Showing Relationship
of Curiosity to Age, Sex, and Racial Groups

Source af Ms F
Sex 1 1.2841 1.73
Race 1 4.2985 5.80%
Grades (Age) 3 2.5206 3.40%
Linear 1 5.6386 7.62%
Quadratic 1 1.8905 2.55
Cubic 1 0.0326 0.04
Sex & Race 1 0.2185 0.30
Sex & Grades (Age) 3 0.8364 1.13
Race & Grades (Age) 3 0.2345 0.32
Sex & Race & /ge 3 0.8833 1.19
Error é 109 0.T7uhOL -
Total 124 - -
%Significant st p = 0.05; F (.95) = 2.69; 5,109 (.95) = 3.93

3,109
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Hypothesis 2

There is nc significant difference in the amount of persistence
exhibited by children of different (a) age, (b) sex, or (c) racial
groups.

Decision: Conditionally reject (a).

Results: Persistence was identified ar the amount of time spent
actively trying to solve a problem. Childrern were given a puzzle box
to open as an alternative to spending the time as they wished while
waiting alone in a waiting room. Persistence scores were based on
the percent of a five minute interval in which children had access
to, and worked on the problem.

In an analysis of variance, persistence was found to
be significantly related to the age {p=0.05) of children but not to
their sex or race. Kindergarteners were noticeably less persistent
than second, fourth or sixth graders. Mean scores in persistence
were: Kindergarten = 0.78; Grade 2 = 0.98; Grade 4 = 1.00; Grade 6 = 0.96
with both linear and quadratic trends (p=0.05) [See Fig. 3]. Black
pupils (mean = 0.93) and non-Black pupils {mean = 0.92) showed no
significant differences; and further boys (mean = 0.94) and girls
{mean = 0.91) showed no significant differences. The analysis of
variance table is presented in 'fable IV.

mnan

Because our findings exhibit an unusual positive skew
{88% of the crhildren persisted for the full five minutes, 12% persisted
for approximately two and one-half minutes) a most conservative
estimate of their significance is warranted. This effect of
positive skeving1 is undoubtedly due to the brevity of the test period.
In spite of earlier evidence that five minutes was adequate for
distinguishing differences in persistence among individuals,2 such
a time allowance was not realistic for distinguishing differences
among these particular children or for the enthusiasm created during
investigation. However, the results as they have occurred do have
some important implications when considered in relation to measures
of curiosity taken from the same sample. A diecussion of these impli-
cations will be presented under Discussion ~ Part 2.

1See Table II , Observed Cell Means for Persistence

2Ear1y evidence consisted of ten individuals, edults and children,

who encountered the puzzle box in their daily surroundings and began
trying to solve the problem. Between three and four minutes
distinguished bYetween seven of the individuals' persistence.

ERIC 48
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TABLE IV

Analysis of Variance Table Showing Relatiomship
Of Persistence to Age, Sex and Race

Source of Variation ar MS F
Sex 1 0.0358 0.82
Race 1 0.0016 0.04
Grades (Age) 3 0.2810 6.4,%
Linear 1 0.4724 10, 8l#
Quadratic 1 0.30k48 6.99%
Cubic 1 0.0658 1.51
Sex x Race 1 0.0058 0.13
Sex x Grades (Age) 3 0.1198 2.75%
Race x Grades (Age) 3 0.2k78 0.83
Sex x Race x Grades (Age) 3 0.0207 0.k7
Error 109 0.0436 -
Total 12k - -

*Significant at p = 0.05

F3, 109 (+95) = 2.69; F} 45 (.95) = 3.93

21 4
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Qualitatively, all children between the ages of seven
and thirteen years appeared to be completely immersed in so.ving the
problem for the full time allotted. Lven when frustrated, children
continued without hesitation.

The exscptions to this profile of continuous persistence
were a few kindergartners. Among five and six year olds many children
would try one or two keys in one or two locks, call out for help from
the Investigator in the hall, and then sit on a chair to wait even
when no help was forthcoming. ©Some kindergartners actively sought
help by carrying the box, which was quite heavy, in search of an adult.
Yet, in spite of the fact that over all age groups kindergartners
vere least persistent, they were the most reluctant to leave the puzzle
box when it was time to go. After a number of children literally
held onto the box and desk in a friendly but determined way, the
children were promised that the box would be brought to their class-
roon for further tries.

Another qualitative indication of the persistence of
older children wes illustrated by children who successfully opened
the box in two or three minutes, closed and locked the box, and began
trying to open the box again. This happened so often among successful
problem solvers that it was a common place occurrance.

Hypothesis 3

There is no significant difference in measures of problem solving
abilities among children of different (a) age, (b) sex, or (c¢) racial
groups.

Decision: For Problem Solving - 1, reject (a); For Problem Solving -
2, reject (a) and (b).

Results: Two aspects of problem solving were considered. Problem
Solving - 1, a8 determined by the presence of an observable strategyl,
was found to be significantly related to the age of the child {p=0.05),
but not to his sex or race. (See Figurel).

1Problem Solving - 1, scores are based on the following levels of per-
formance: (1) attempts *» solve problems without observable strategy;
{2) exhibits fragments of strategies in solving provlem (e.g., tries
one key in several locks or several keys in one loek): (3) follows

one strategy more less faithfully {e.g., tries all keys in one lock

or one key in all locks). Means above reflect these levels.

ERIC
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Relationship of Problem Solving - 1 {Strategy)
To Age Among Elementary School Children
{numbers refer to number of children)

Strategy Grade Levels
Levels Kindg'n. Grade 2 Grade 4 Grade 6
0 2 0 0 0
1l 2 0 0 0
2 | 23 24 22 20
3 3 7 9 12
Big. &4

Relationship of Problem Solving ~ 2 (Success Opening Locks)
To Age Among Elementary School Children
(numbers refer to number of children)

Number of Grade Levels
Locks Open Kindg'n Grade 2 Grade U Grade 6
0 13 6 0 0
1 8 4 5 5
2 4 5 6 8
3 5 16 2 - 19
Fig. 5

#It is doubtful that these 3 Ss used a logical strategy; the ease of

their solution {in 3 trials) suggests they had learned the solution
from others.

o1



%0

Problem Solving - 2, as determined by the successful
solution of the problem~, was significantly related to both the age
(p=0.05) and the sex (p=0.05) of the child but not to his race. (See
Iigure 5). As the development of strategies for solving problenms
increased with age (mean scores were, Kindergarten = 1.93; Grade 2 =
2.23; Grade 4 = 2.26; Grade 6 = 2.30}, likewise success in solving
the problem increased with age {mean scores were, Kindergarten = 1.03;
Grede 2 = 2.,03; Grade 4 = 2.48; Grade 6 = 2.36). Over all ages boys

- solved the problem more often than girls (Boys = 2.27; Girls = 1.68).
Analysis of variance tables showing the relationship of Problem
Solving -1 and -2 to age, sex and race are presented in Tables V and VI.

Part 2+ The Relationship of Curiosity, Persistence, and
Problem Solving Behaviors to Each Other

Eypothesis 4

There is no significant correlation between measures of curiosity,
persistence, and problem solving behaviors.

Decision: (Withheld)

Results: Curiosity, persistence and problem solving are three
behaviors perhaps more closely identified with science and research
than any other behaviors. Consequently, a knowledge of the relation-
ship of these behaviors to each other would be useful in predicting
future success in science among elementary and high school students.

As a part of this investigation, scores from behavioral
assessments of curiosity, persistence, and problem solving were
compared. In an initial multivariate analysis of variance, no asso-
ciation was found between these sets of scores. Aftervard, separate
tests for correlation (Spearmad) were performed for three different
grade levels. The results of those tests are presented in Table VII.
Meaningful correlations are lacking in all but one comparison:
curiosity and success in problem solving at Grade 2 (rg = .L6) shows
significant correlation. The overall failure to find meaningful
correlations may be attributed to difficulties of different orders.
These will be discussed later.

In a t-test comparing the curiosity scores of 15 non-
peraistent subjects (persistent less than 10N%) with curiosity scores
of an equal number of 100% persistent subjects, no significant
differences were found between the two groups in curiosity behavior
(t ratio = 0.24, daf = 28). Tentatively, it was concluded that within
the parameters of this test situation, curiosity and persistence are
not likely to be correlated behaviors.

Problem Solving - 2, scores are derived from the number of locks
{0,1,2,0r 3)}successfully opened; means refliect these scores.

2spearman Rank Correlation Coefficient tests are reported in Siegel, 1956.
O
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TABLE V

Analysis of Variance Table Showing Relationship
Qf Problem Solving - 1, To Age, Sex and Racial Groups

Source of daf MS F
Variation
Sex 1 0.5231 .75
Race l 0.0087 0.03
Grades {Age) 3 0.8616 2.90%
Linear 1l 2.1032 T.0T*
Quadratic 1 0.3942 1.33
Cubic . 1 0.0875 0 29
" Sex x Race 1 1.18ko 3.96¢
Sex x Grade (Age) 3 0.7129 2.4o
Race x Grades (Age) 3 0.0240 0.55
Sex x Race x Grades (Age) 3 0.3898 1.31
Error 109 0.2974 -
Total 12k - -

* Significant &t p = 0.05; F3, 109{:95) = 2.69; Fi, 109 {.95) = 3.93
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TABLE VI

Analysis of Variance Table Showing Relationship
Of Problem Solving - 2, To Age, Sex and Racial Groups

Source of daf MS F
Variation
Sex 1 10.9933 11.93*%
Race 1 0.3163 0.34
Gradeé (Age) 3 13.3050 14, Ly*
Linear 1 32,1625 34.91%
Quadratic 1 7.7125 8.37*
Cubic 1 0.0L400 0.04
Sex x Race 1 0.5334 0.58
Sex x Grades (Age) 3 1.0799 1.17
Race x Grades (Age) 3 0.4045 0.4%
Sex x Race x Grades (Age) 3 0.7858 0.85
Error 109 - -
Total 124 - -

*Significant at p = 0.05; F3’109 (.95) = 2.69; Fl,109 (.95) = 3.93
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When the problem solving strategies of all children were di-
chotomized according to the use, or failure to use, an orianized
strategy in problem solving (Level 0, 1, 2, vs. Level 3}, only 35
out of 93 children, or 38%, succeeded in solving the problem by
using fragmented strategies or chance, while 25 out of 32, or 78%,
succeeded by using an organized strategy. When a Chi Square
test was applied to these results, problem solving strategies
were found significantly related to problem solving success
(X2 = 15.64, af = 1, p=.001).

TABLE VII

Summary of Correlation Coefficients Showing
Relationship of Curiosity, Persistence, and
Problem Solving Scores to Each Other

Curiosity Persistence Prob. Solv.-1 Prob. Solv. ~2

Curiosity

Grade 2 - 0.29 0.26 0.46%

Grade & - -0.19 0.16 0.29

Grade 6 - -0.10 -0.07 0.15
Persistence

Grade 2 - - -0.18 0.29

Grade 4 - - 0.05 -0.12

Crade 6 - - 0.29 -0.16
Problem Solving 1

Grade 2 - - - 0.1%

Grade 4 - - - -0.07

Grade 6 - - - 0.11
Problenm Solving 2

Grade 2 - - - -

Grade 4 - - - -

Grade 6 - - - -

#Significant at p = 0.01

o
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TABLE VIII

Relationship of Problem Solving
Strategies to Problem Solving Success

Failure Success
Opens 0, 1, 2 locks Opens 3 locks

Chance:
Strategy 58 children 35 children
Fragmented
or Absent

(Levels 1, 2)

Logic:
Strategy 7 children a5 children
Well

Organized

{Level 3)

X% = 15.64, df = 1, p = .001

O
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Part 3: The Relationship of Intellectual Development to
Curiosity, Persistence, and Problem So’ving Behaviors

Hypothesis 5

Intellectual development determined by Piagetian tasks is not
significantly related to {a} curiosity, (b) persistence, or (c)
problem solving.

Decision: Reject (c) Problem Solving - 2.

Results: A separate analysis of variance was performed to estab-
1lish the relationship between intellectual development, as determined
by Piagetian task, the billiard gamel, and each behavioral variable:
curiosity, persistence and problem solving. The results of these
analyses are presented in Tables IX, X, XI, XII.

Our findings suggest a strong association (p = .001)
between intellectual development and performance in Problem Solving - 2,
specifically getting the box open. Intellectual development appeared
to be positively but weakly associated with curiosity ( p = 0.09)
and persistence (p = 0.13). Perhaps the most surprising result is the
lack of association between Piagetian levels and the use of chance or
logic in problem solving designated strategy level in Problem Solving -1.
While this latter association was expected to be positive (i.e., that
children who used a logical strategy in solving the lock box problem
would also perform higher on the Piagetian task), it may be noted that
Plagetian levels were not normally distributed in terms of hypothetical
norms for Pisgetian theory. The distribution of performance levels on
the Piagetian task are reported in Table XIII.

lSee Growth of Logical Thought, Inhelder and Piaget, 1968.

O
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TABLE IX

Analysis of Varisnce Table Showing Relationship
Of Piagetian Levels to Curiosity Scores

Source dar MS P
Between Groups 2 1.0893 2.4
(1, 11, 1I1)

Within Groups 122 0.4L58

Total 124

Decision: Not Significant, (p = 0.09)

TABLE X

Analysis of Variance Table Showing Relationship
Of Piagetian Levels to Persistence Scores

Source af MS F
Between Groups 2 0.0862 2.04
(I, 1I, III)

Within Groups 122 0.0k23

Total 124

Decision: ot Significant, (p = 0.13)

ERIC
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TABLE XI

Analysis of Variance Table Showing Relationship
Of Piagetian Level to Problem Solving - 1 (Strategy)

Source ar MS F
Between Groups 2 0.4803 1.45
(1, 11, 1II)

Within Groups 122 0.331k

Total 124

Deciaion: Not Significant, (p = 0.24)

TABLE XII

Analysis of Variance Table Showing Relationship
Of Piagetian Level to Problem Solving - 2 (Success)

Source af us F
Betweer Groups 2 8.39k2 T.20%
(I, II, III)

Within Groups : 122 1.1656

Total 124

Dzcisfon: Significant at {p = 0.001)
Fp 100 (+95) = 2.07

59
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Piagetian Task '"The Billiard Game''

TABLE XIII

Distribution of Performance of 124

Elementary School Children On A,

1)

Piagetian Levels

Stage 1 Stage II Stage III
{Preoperational) (Concrete) (Formal)
Kipndergarten 30 0 0
Grade 2 24 T 0
Grade L 13 17 1
Grade 6 6 23 Y

15ee Growth of Logical Thought, Inhelder and Piaget, 1956.
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Part 4: The Equivalence of Measures of Curiosity

In an effort to compare two different methods of assegsing
human curiosity, tests of correlation were administered. Curiosity
scores based on amounts of motor activity were compared with ranks
assigned by teachers in a Teacher Rating form, which was designed
t~ assess curiosity behavior of children in their classrooms. It
was decided that a comparison of Teacher Rating ranks of curjosity
with other behavioral variables of the children as well, namely
persistence and problem solving scores would be usefuyl.

Hypothesis 6

There is no significant correlationt between assigned ranks from
Teacher Ratings of curiosity and other measures of {a) curiosity
(motor responses), (b) persistence, or {c¢) problem solving.

Decision: Do not reject

Results: Results from the Spearman Rank Correlation Coefficient
failed to reject Hypothesis 6 for (a) curiosityS and (c) problem solving
but only slightly for (b) persistence.

Tue finding that teachers' estimates of children's
classroom curiogity behavior are not significantly correlated with
amounts of children's curiosity in a waiting room supports our
previous findings. It is reasonable to expect actual differences in
curiosity behavior of children when they are in these two different
environments; but the fact that the Teacher Rating form (Maw and
Maw, 1964) is used as an assessment of curiosity in other studies
(Day, 1968} suggests & need for reconsidering the nature of
curiosity behavior which this instrument measures.

The finding that Teacher Ratings are closely correlated
to persistence scores may or may not be a spurious out come based on
the wnnatural distribution of persistence scores. No correlation’
wag expected or found between Teacher Ratings and problem solving
abilities; this finding suggests that teachers must have
successfully refrained from thinking of the most able children as
aleo being the most curlous .

The results of the four Spearman Rank Correlation
Coefficient tests are presented in Table XIV.

For this analysis only positive scores were of interest, not both
positive and negative.

2
Kindergarten curiosity scores were negatively correlated with
Teacher Rating scores and therefore not of interest.

6.1,
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TABLE XIV

Summary of Correlation Coefficients for
Teacher Ratings of Curiosity with Behavioral (1)
Measures of Curiosity, Persistence and Problem Solving

Curiosity Persistence Prob. Solv -1 Prob.Solv -2
{Strategy) (success)
Kind'gn r_ = -0.43% r = -0.26 r =0.01 r = 0.12
(N'—'25) s S S s
Grade 2 r_ = -0.29 r_ = 0.24 r = 0.14 r =-0.08
(N=2h) S S S S
Grade 4 r = -0.29 r = 0,51% r = 0.30 r =0.13
(N=2h) 8 8 s S
Grade 6 r, = -0.08 r = 0.54% r, =0.29 r = 0.12
{N=30)

*Significant at (p = 0.01)

(1)

Teachers were asked to rank the pupils in their classes from the most
curious to the least curious, according to pupils' curiosity behavior
within the classroom. Teacher Ratings were examined for correlation
with other behavioral measures.

ERIC
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DIBCUSSION

Part 1: The Relationship of Curiosity, Persistence and
Problem Solving to Age, Sex, and Race Among
Elementary School Children

Curiosity and Age

Exploratory behavior, in this analysis, appears to increase
rather than decrease with age among elementary school children.
This finding is contrary to expectations based on earlier studies
carried out by Woodruff and Pielstick (1964) and Peterson (1969).
Likewise it is contrary to expectations based on the research of
animal behaviorists. All current information points to a gradual
decline in exploratory behavior with age, among primates (Welker,
1961; Loizos, 1967). If exploratory behavior expressed through
motor responses also declines with age among humans, then future
research must include older subjects.

In the previous investigation (Peterson, 1969), children of
different age groups exhibited equal amounts of exploratory_ motor
activity but unequal amounts of quasi-exploratory behavior.t The
inverse relationship of these two latter behaviors (i.e., Kindergartners
asked more questions and exhibited less quasi-exploratory while the
reverse was true for sixth graders) led to the speculation that age
differences in exploratory motor activity might be found if (a)
question-asking behavior could be eliminated, and (b) quasi-exploratory
behavior could be studied more closely on film.

Thus, in this current investigation, question-asking behavior
was eliminated by removing the adult from the waiting room and
video tape provided close analysis of quasi-exploratory behavior. The
result, in the presence of this change, was that significant differences
were found between age groups but with an increase in curiosity with
age rather than a decreese. When question-asking was eliminated from
the repertoire of behavioral responses, Kindergartners failed to
exhibit more exploratory moter activity, casting doubt on the
speculation that question-asking represented a response-substitute
for action. In addition, quasi-exploratory behavior disappeared. The
unexplained disappearance of quasi-exploratory behavior deserves
further irvestigation. Still unanswered is the qucstion of what
accounts for a decline in motor activity among Kindergartners once

l"A group of motor responses which appeared transitional in
nature (i.e., grodually shifting from investigation to play
or satiation) was identified as quasi-exploratory behavior, due
to the predominant appearance of being investigatory. Examples
include rhythmic tapping on the cage of.the kengarco rat, or
shuffling pages in a book" (Peterson, 1969).
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question-asking behavior has been eliminated. The most likely
explanation, based on the findings of Berlyne, 1960; llutt, 1966;
and Lucco, 1967, is that the absence of an adult introduced a
neasure of anxiety for Kindergarteners that inhibited exploration.

Curiosity and Race

The finding that Black children exhibited more exploratory
behavior than non-Black children is particularly noteworthy since
it duplicates previous findings (leterson, 1969):

Black Non-Black
1969 Mean Scores 2.73 2.40
1970 Mean Scores 2.4 2.02

That these differences were preserved in spite of the presence or
absence of an adult, while age differences were sensitive to such
manipulation, suggests a substantial and reliable difference.

One interpretation of these results is that the difference in
curiosity tetween racial groups iz a function of time and experience.
Given aifferent sets of experiences, the two groups of children may
have viewed the stimulus objects in quite different ways, i.e., the
objects or the entire situation may have represented an optimum
degree of novelty for one group and not for the other group. 'This
hypothesis could be tested. A second interpretation invalves the
relationsihip between curiosity and anxiety. Penney (1965) has found curi-
osity and anxiety scores to be inversely related. A third interpreta-
tion is that the inereased exploratory motor activity of Black
children is related in some way to a general superior development of
motor activity such as described by Bayley,(l965L Studying the ex-
ploratory motor activity of infants and preschocl children of both
racial groups in & constant environment should shed 1ight on
this question. All cf these interpretations may in fact be related
to the outcome reported here.

Curiosity and Sex

When the environment offers sufficient variation, exploratory
vehavior appears to be exhibited in equal amounts by boys and girls of
elementary school age. This finding is also & replication of ecarlier
results (Peterson, 1969) and suggests that regardless of the presence
or absence of an adult there seems to be no observable difference in
the amount of curiosity expressed.by boys and girls through motor
activity. Although these results conflict with those which have round
girls morr curious than boys in paper-and-pencil tests (Perney and
McCann, 1964), it is common to find girls scoring higher on many
kinds. of written tests.

O
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Persistence: Age, Sex, and Race

It was noted earlier that the distribution of persistence scores
was unnatural and positively skewed, suggesting a ceiling effect in
measurement. Consequently, a meaningful discussion of the relstion-~
ship of persistence to age, sex, and race must await further investi-
gation.

Some discussion of measurement error is warrsnted, however. Two
sources of distortion are believed to contribute to that error. First,
limited (5 minutes) rather than exhaustive measures undoubtedly masked
individual differences in persistence, which in turn, may have
disguised between-group as well as within-group differences.

A second source of distortion may be identified with the menner
in which the problem was presented. Specifically, it was suggested
that the assortment of 15 keys for the 3-lock problem might overwhelm
younger subjects and possibly inhibit problem solving altogzethar.
Because studying problem solving strategies held a higher priority
than assessing persistence or actual success/failure at opening thne
puzzle box, it was decided that the difficulty of the prublem should
be varied with age groups to maximize observations of actual problem
solving strategies. Therefore, Kindergartners and Second graders
were given 6 keys, Fourth graders were given 8 keys and Six graders
were given 14 keys.

By effecting this chenge in design, two possible outcomes were
acknowledged: vpersistence and Problem Solving - 2 {the number of
successes) would probably increase,lthereby possibly decreasing
differences between age groups. (It is interesting to note that
age was the only demographic variable which was lirked with both
rersistence and Problem Solving - 2 scores, in spite of this change.

Although the results of persistence measures failed to provide
the insights hoped for, the decision to adapt the difficulty of the
problem to the age group was the "correct choice,' not only from a
theoretical position, but also from the standpoin% of the children.
To design a problem that extinguishes all differences in persistence
between sexes and races, regardless 05 differences in successful
solution, is a heartening experience.

lIncrease, among younger children,

®Reference is to 90 children, Grades 2-6, excluding Kindergarten.
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Problem Solving: Age, Sex, and Race

Problem solving strategies used by elementary u:chowl children to
open a locked box are closely related to age but not to sex or race.
With regard to age, these findings lend support to work done by Odum
(1967) and Pourne (196Y) and derive their original justification from
the extensive resecarch of Piaget (1958). '“he failure to find significant
differences in problem solving strategies between racial groups
appears to be in conflict with the findings of Jensen (19Y69) and Cohen
(1969); hcwever, nc attempt is intended to equate the manipulation
problem used in this investigation with written, pictoral or symbolic
problems used by those cited. Yet, it is worth noting that evidence
of problem solving strategies, when applied to this manipulative

problem, appear to be equally well developed buétween both racial
groups,

Success in problem solving, identified as Problem Solving - 2,
was significantly different between children of different age groups
in spite of a simplification of the problem for younger children.
(See Discussion: Persistence) A reduction in the number of members in
one set of variables (i.e., the number of keys) undoubtedly accounted
for some success among younger children but did not alter the outcome ©f
significant differences between age groups.

‘The finding that boys were more successful than girls in opening
the box may perhaps be attributed to some increased experience with
mechanical problems. The boys' success did not have a noticeable
affect on the persistence exhibited by girls in the interval assessed.
It seems likely that this latter effect may have been due in part to
an interference-free environment. Behavior recorded on video tape
provides evidence that when another child enters the waiting room,

a child's persistence and strategy for problem solving changes.

The finding that success in problem solving was not related to
racial differences in problem solving strategies or persistence over
a brief span, make the finding of racial differences in exploratory
behavior all the more interesting.

Part 2: The Relationship of Curiosity, Persistence
And Problem Solving bBehaviors to kach Cther

The ovzrall failure to find meaningful correlations between
curiosity, persistence and problem solving behaviors may be attributed
to difficulties of different orders. 'The most problematic lies in
the failure of the data to meet the assumptions ol the statistical
model: the assumption of continuous data. While some scores met .
this assumption (curiosity),others did not {Problen solving - 1 and -2.¢0 A
change in measurement could overcome the difficulty which was
created by an attempt to keep the intervals in Problem Solving - 1,
comparable with Piagetian levels.
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A second difficulty which could be corrected is in the assessment
of persistence. With exhaustive measures (i.e., until all subjects with-
draw from the problem), persistence scores could be used in correlation
studies of these related behaviors.

Such & correlation study of curiosity, persistence and problem
solving behaviors needs to be carried out. Understanding the rela-
tionship of these behaviors to each other has important implications
for education as well as vor science.

In spite of the limitations imposed by the weakness of the statistical
analysis, several relationships can be observed from the data, and are
reflected in the raw scores (See Appendix B)}. For example, although
there were great variations among elementary school children in
curiosity, all children between the ages of T and 13 years were eager
to solve a problem when presented with one, and persisted until they
solved it or were forced to leave. This finding suggests that some
children benefit more than others from undirected discovery, (i.e.,
exploring in a waiting room), but guided learning can be motivating for
all caildren.

Some differences in problem solving strategies were subtle and
therefore lost in the final analysis, but deserve further discussion.
For example, some children developed hierarchical retrieval systems
of information: one pile for keys which were tried and regarded as
absolute mismatches; another pile for keys vhich were tried and failed,
but regarded as "hopefuls'. The "hopeful” pile paid off for many
sixth graders who recognized that key failure might be attributed to
their own manipulation rather than a key-lock mismetch. Some children
used audible self instruction or sign language in plece of the re-
trieval systems above. Still others discovered, while on video tape,
the specificity of keys, i.e., that one key did not open two locks.
Having made the discovery, they applied it on future triels bty casting
out keys which had bee. successful on one lock.

Part 3: The Relationship of Intellectual Development
To Curiosity, Persistence, and Problem
Solving Behaviors.

For a number of reasons the relationship of Piagetien levels to
curiosity, persistence, and problem solving was of particular interest.
Curiosity behavior as assessed here has not previously been compared
with Pisgetian levels; and the intervals of scaling described by
Piaget are tetter suited to scaling intervals used with exploratory
motor respons?s than those associated with I1.Q. tests. 1In addition,
the technique associated with Piagetian testing is more compatible
with the technique used here for assessing behavior. Finally, the
basis for developing strategy levels in rroblem solving was derived
in part from Piagetian theory.

ERIC

] 3 Y



O

ERIC

Aruitoxt provided by Eic:

56

The finding that curiosity and Piagetian levels are weakly but
positively associated is worthy of further investigation. Kecause
reliability between different Piagetian tasks variesl, the association
betveen curiosity 2nd Piagetian levels found here 1’2y ve more or less
significant using other Piagetian tasks.

Resiults which link Piagetian levels with success in problem solving,
as determined by the number of lochs opened {p=.001), show a stronger
associuntion than was found between age a»d Problem Solving - 1, or - 2,
This finding mekes it possible to draw additional inferences regarding
the denographic variables of the populstion samplec (e.g., Piagetian
levels: race, sex).

Thi: lack of association between Piagetian levels and Problem
Solving; - 1 (i.e., strategy development), remains unclear. Evidence
of a w:ll organized strategy, Level 3, was expected to correlate with
the Piigetian Stage III, Fcrmal Operations; it was hypothesized that
both t.iisks required the ability to anticipate the need for testing
all poisible combinations in an orderly fashion.

Part 4: Equivalence of Measures of Curiosity

In an attempt to integrate the results of this investigation with
those :’ound in other research, a compurison was made between two
differont techniques for assessing curiosity, namely the Teacher
Rating form (Muw and Maw, 1964) and the current assessment of ex-
ploratory motor activity described in this study.

In spite of the lack of correlation found between these instruments
in a prrevious study (Peterson, 1969), they were compared here with the
view tlat providing recorded evidence of exploratery motor activity
througl: video tape would facilitate a comparison of thease two techniques.

Tet.cher Ratings of curiosity were also comparsd with behavioral
mzasures of persistence and problem solving, in case correlations
were not found between Teacher Ratings and exploratory motor activity.
The outcome of these comparisons for correlations suggests no observable
bas?sn for the choices made by teachers in ranking childrern according
to classroom curic¢sity behavior.

It is ackne-ledged that curiosity behavior as it exists in the
classroom and .s observed by tcachers may have other characteristics
than those studied in this investigation; but is is disturbing to

In a pilot study with the same Sixth grade , two adiitional Piagetian
tasks were given following the current investigation: reliabilities
wvere .30 and .20 for 4=27 and N=25, respectively on tasks with Floating
Objects and Ratio, also desecribed in Inhelder and Piaget (1958).
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find no overlap «within these populations. If exploratory tehavior
within the classroom undergoes & meitamorphosis as children progress
through school, (hypothetically from motor responses as measured here
to vehaviors identified by Maw and Maw and others), then Teacher
Ratings should correlate most closely with assessments of exploratory
motor responses at Kindergarten levels. Yet, the results show a
negative correlation (r; ~ 0.43) at the Kindergarten level.

Teacher indifference has not veen a factor in this comparison;
clear understanding and open cooperation have characterized the
participation of the four teachers involved.

SUMMARY AND CONCLUSIONS

The curiosity, persistence, and problem solving behaviors of 125
elementary school. children were recorded on video tupe and later
analyzed in relation to the sge, sex, race, and Piagetian level of
intellectual develcprent of these children. The results of that
inventigation have provideé evidence.which suggests that some
chang2s in opinion and perhaps changes in research ppactice are
needed. A brief sumuary of those findings is presented below.

vuriosity was analyzed in terms of the amount of explcratory
behavior or muior activity exhitited by children during the first five
minutes they spent in a waiting room. At 15-second intervals their
behavior was assigned to one of three levels: (1) approaching;
{2) manipulating; (3) reorganizing parts of the environment. The
strongest variable associated with differences in exploratory
behavior was racial groups. In the present investigation ag well as
in a previous study (Peterson, 1969), Black children exhibited a
greater amount of exploratory behavior than non-Black children.
Whether this implies a deficit of first hand experience with specific

obJects on the part of Black children and/or implies a more generalized
behavioral difference is not clear. Further investigation regarding
the origins of such differences is certainly desirable.

¥Within the classroom environment, such differences in exploratery
behavior between racial groups msy be manifested in various ways.
Curricula or classroom procedures which provide for some exploration
through activity may have an equalizing effect on differences in ex-
ploratory behavior. However, classroom situations which inhibit
exploration or reward nonexploratory behavior may add to a teacher's
problems by forcing exploratory behavior to be redirected into behaviors
less meaningful to the individual. Assuming that exploratory behavior
is a search for information, then thwarting exploration is antegonistic
to the teacher's goals, .As well as to the child's, and may result in
discipline problems or at least decrease the ease of learning.
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The amount of exploratory behavior exhibited by children aged
five to eight years was found to be affected by the presence or
absence of an adult in the waiting room, i.e., the laboratory setting
for studying exploratory behavior. This finding that waiting alone
in a room inhibited curiosity among five-tg eight-year olds extends
the age range affacted by this factor first reported by Hutt (1967)
with regard to nursery schooir children aged three to five years,

The fact that the level of curiosity expressed by children aged nine

to thirteen years remained the same in both the present and previous
investigations (Peterson, 1969; 1970) is interpreted as a reflection
of their lack of anxiety at being left along In the waiting room.

as well as their lack of inhibition when an adult is present. The
curiosity level was also found unchanged between setes: no significant
differences in exploratory behavior were found between boys and girls
while they waited alone or with an adult in the waiting room.

When exploratory behavior scerved os the basis for asse: ~ing
curiosity, no correlation was found between that measure and traditional
Teacher Ratings, i.e., estimates made by teachers of the relative
amounts of curiosity exhibvited by these same children during normal
classroom activities. The absence of any correlaticn suggests
that different aspects of curiosity, or perhaps entirely different
behaviors, were being aussessed. The ‘mplication of this finding is
that the use of the Teacher Rating method of assessing curiosity
is not justified if it is used as the sole predictor of curiosity, until
the differences betwecen teacher estimates and observations of actual
exploratory behavior are understood.

Problem solving behavior was analyzed in terms »~f (1) the
strrategy used to open a locked tox, i.e., chance or logic, and (2)
according to the degree of success in solving the problem regardless
of the strategy used, i.e., the number of locks opened on a
3-padlock box. Under the first analysis, the age of the child was
the only factor significantly related to the develupment of strategies
based or chunce or logic. Under the second analysis age, sex, and
Piagetian levels all served as predictors of ultimate success in
opening the box.

Two predominant patterns characterized the development of strategies
based on logic: (1) there was visible evidence of an information-
retrieval system or means of keeping track of which keys had been
tried in which locks; and (2) individual trials were organized
around the control of one set of variatles (e.g., either the locks or
the keys) while members of the other set of variables were changed
one at a time. These patterns were almost non-existent among
Kindergartners, exhibited in fragments among Second, Fourth, and
some Sixth graders, and appeared in more or less complete form among
a few Fourth and Sixth graders.
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Performance in problem solving has often been used as a part of
tests designed to measure intelligence. Wnen the problems to be
solved were presented in writing, pictorial, or symbolic material,
Black subjects were reported to perform below levels of ron-Black
subjects (Jensen, 1969). In the present investigation which provided
a manipulative problenm, Black and non-Black children were found to
exhibit equal abilitics in problem solving strategies and in
ultimate success in solving the problem regardless of the strategy
used.

Evidence of logical .trategies on one task does not necessarily
imply transfer to or from other tasks. If transfer were assured,
greater correlation should be observed between similar tasks, but is
not (Almy, 1970). Still more remcte is the implication that strategies
used on concrete manipulative tasks, such as the lock box, readily
transfer to abstract conceptual tasks such as those used in the
rtandardized tests referred to by Jensen. However, until the strategies
involved in problem solving tasks have been identified, and experimental
evidence hss demonstrated ihat these strategies are not learned, the
practice of ascuming that such performance represents intelligence
chould not be tolerated.

Persistence was determined by the percent of time spent actively
trying to open the lock box, during the interval of time in which
each child had access to the box. The persistence of the children
exceeded the most coneervative estimates of this study: 85% of
the population persisted with enthusiasm fo: the entire test in- )
terval (5 minutes); 12% persisted for an average of 2 1/2 minutes.
Becauge of the unexpected "ceiling effect," information relating
the nature of persistence to age, sex, and racial groups must await
further investigation. However, within the parameters of this
investigation, it was observed that persistence was exhibited in
equal amounts by both sex and racial groups during the test interval
but in unequal amounts between age groups. The reduced persistence
of children aged five to eight years corresponded to their reduced
amount of exploratory behavior during the absence of an adult 1n the
waiting room.

In an effort to understand more abovt the nature of the relation-
ship of curiosity, persistence and problem solving behaviors to
intellectual development, children individually played a game, i.e.,
Piagetian task, following their wait in the waiting room. When'
Piagetian levels (assigned from the billiard game) were examined for
associations with scores from curiosity, persistence, and problem
solving, Plagetian levels were. found to have:a strong pocitive
agsociatiun with problem solving success, i.e., the number of locks
opened, and & weak but positive associationwith curiosity and per-
sistence. The absence of any association between problem solving
strategy level and Plagetian level suggests further refinement is
needed in abstracting the most critical elements that differentiated
between strategy levels.

Q
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Finally, the relationship of curiosity, persistence, and problem
solving behaviors to each other was explored. Although the data did
not lend themselves to extensive statistical analysis, a nurber of
observations were derived from the data. Curiosity behavior ex-
pressed through mctor activity was less commonly exhibited among all
elementary school children than was persitence. One implication of
this finding is that the use of a single method of teaching (e.g.,
open-ended exploration) may not benefit all students equally, while
problem solving which involves some degree of structure appears to
motivate more children to action. Further, curiosity behavior was
found to be exhibited in equal amounts by persistent and non-persistent
problem solvers. And last, problem solving strategies based on logic
led more often to successful soluticn of the problem than strategies
based on chence.

This behavioral study has focused on one aspect of learning: the
assessmert of motor responses associated with curiosity, persistence,
and problem solving behaviors. The results of the investigation have
provided some evidence which conflicts with common beliefs and, in
some ways, conflicts with results of other studies which have assessed
these same behaviors through the use of grinted material, or through
the study of motor responses of animals, The prowing evidence that
different but equally important aspects of behavior are being assessed
through these different approaches, makes improved communication
between researcherc ~rucial.

Learning behaviors, such as curiosity, can be recorded on video
tape and be subjected to multiple analyses, impartial Jjurists, and
reliability tests. Such a procedure represents a step in the direction
of improving communication between researchers and integrating their
work. Ultimately, this procedure represents an economic gain as well,
by eliminating costly duplication incurred when nultiple baselines
or frames of reference are used. Data banks need to be established
containing prototypic learning behaviors recorded on tape. Such
documentation is as important to future research as refevence
collections of books.

It has been shown that curiosity expressed through motor activity
has a character of its own. It is composed of observable responses to
conc.ete objects, responses which can be measured. The occurrence of
these respons2s has been found to vary among individuals and groups,
and under different conditions. The next step is tu learn how this
distinguished aspect of curiosity is related to man's conceptual or
intellectual curiosity, to his exploration of ideas.

1Dift‘erences between owr findings and those in animal behavioral
research have not been discussed in this paper.
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Apart from curiosity, the study of persistence and problem solving
were just begun under this investigation. Methods developed for
measuring curiosity were applied to these latter behaviors. With
refinement in measurement procedures, additional information regarding
the relationship of these behaviors to curiosity can be gained.

The behaviors treated herein appear to many people to form a
natural cluster. It seems unreasonable that we should proceed in
educational research which is concerned with how children learn,
before we understand how the exploratory and problem solving behaviors
of children,which are expressed through action, are related to
exploration and problem solving which are entirely conceptual. Language
is at the heart of most of man's activity, but temporarily deprived
of communication} man stills explores and solves problems. As unsesen
observers, we can learn something about these behaviors from just
watching.

l"temporarily deprived of communication”, in the sense that the

children in the present investigation wvere temporarily prohibited
from communicating with others while they explored and solved problems.
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APPENDIX A

1
The Nature of Exploratory Behavior: a descriptive anelysis (1)

Motor Responses: Curiosity Expressed Through Action

Children are very curious beiags. When asked to wait in a
room with strange and novel objects, 120 children actively ex-
plored, through motor responses, for 83% of 20 hours. During
1200 minutes of observation these children made 1110 separate in-
vestigations of their environment. Translated into individua)
behavior, the average elementary school child shifted his focus and
reacted to a different yhase of his surroundings approximately
every 67 seconds, or 9 times during the 10-minute wait. Explorations
varied: some weee as short as 15 seconds while others were as long
as 600 seconds. Initial invesitgations were sometimes briefest and
linited to an approach, with succeeding investigations extending
in duration, proceeding at a more rapid pace, and involviug rmore
complex levels of motor responses. At other timea, initial inves-
tigations were longest, with suce2ding encounters decreasing in duration,
pace, and complexity as measured by levels of curiosity.

Order, sequence, and stereotypy vwere the predominant patterns
which characterized all behavior. Although individual and group
behavior varied considersbly, the overall piv.:rn was one in which
constant, sequential responses were repeated over and over by the
seme and different individuals to the same or different stimuli.

The conclusion was inescapable that curiosity as seen in the
situations to be described was a highly stereotypic form of behavior;
and Hypothesis 1 was unequivocally.

In such a context of order and sameness, individusls were
studied for the variations they presented within the pattern. All
children explored to some extent. Only four subjects spent half
of their time (5 minutes) or more in non-exploratory behavior,

lIn the initial proposal for this grant, one of the major questions
related to learning more about the nature of curiosity. Because
that study was concluded prior to the funding of this grant, and
presented as part of a diesertation, a condensed version of that

wwork ig presented here. _ :

fr79



O

ERIC

QA Fuiimext provided by R

68

behaviors such as sitting and wiggling, talking about previous ex-
periences, walking back and forth, playing hide~and-seek, or activities
somewvhat like grooming. Forty-seven subjects spent no time at all in
non-exploratory behavior. Among the most curious children (i.e., the
upper 10%, as measured by the amount of motor activity), four asked
eighteen questions while eight asked none. And among the least curious
children (lowest 10%), five asked no questions while seven asked
forty-six questions. Bothcvthe 110st curious and the least curious
children shifted investigations from one stimulus to arother. less
often than the average (9.25 shifts was average; 8.08 shi’ts among

the super-curious; 7.75 shifts smcng the sub-curious). These
dimensions only begin to suggest a pattern.

A close look at the specific behaviors observed supports the
notion that exploratory behavior can be graded or analyzed in terms
of prerequisite behaviors. The margins or breaking roints between
the three levuls descrived here are suggestive of trresholds to
activity levels. ’

Le¥el 1: Approach _ As the subjects approached the table which held
the four objects (kangaroo rat, scales, fish, and rock collection),
they came with different postures, but the most common among them
was a rather quick walk to the table as soon as it was noticed.

Eyes were usually fixed on a particular object or scanning the table
during the approach. Walking itself appeared to be unconsciously
directed (i.e., the subjects appeared to be concentrating on the
object, giving the impression thai they were unaware of thzir own body
movement). Hands frequently hung limply at the sub>jects' sides, or
were poised with elbows slightly flexed and hands in a pre-grasp
position with thumbs forward--a hand position that could be described
as "ready-for-action." The hands of a few subjects were pre-
occupied with other kinds of activity, such as clutching a pencil or
other object, or holding part of the clothing or body (e.g., pockets,
buttons and buttonholes, shirts, hemlines, or even an ear).

When the subject's approach had advanced Lo witnin touching
distance of the object, the most common response was to reach for the
object and cuch it in some way. Infrequently subjects would glance
at the Investigator hefore touching an objlect. If the subject asked
any questions at all, he usually asked his {irst question at this
moment. 'The four subjects below illustrate the typical approach-ask
question sequence as their first responses were recorded upon
entering the roonm:
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Subject K-8'

Apprcaches kangaroo rat and seys, “What's that animal?"
Subject 2-26

Approaches kangaroo rat, looks in back and says,
"Is that a rat?"
Subject 4-6
Approaches scales and says, "What's this--a veight?"

Subject 6-21
Approaches kangaroo rat and says, "Oh, what is this?"

Most students explored beyond the Avproach Level (Level 1). Those

who did not were conspicuous (see Subjects K-20 and 2-29 in Appendix A).
Many subjects, however, explored in general beyond the Approach Level,
but in response to a particular object only approached and left (see
Subjects: 6-b, 6-6, 6-20 responding to stimulus, fish, in Appendix A).

Level 2: Manipulative - The responses which immediately follow-

the approach distinguished between subjects in & very subtle 'ray.

The speed with which subjects picked up cr manipulated an objJect gave
the distinct appesrance of reflecting the subject's previous ex-
perience with similar stimuli. This speed-factor, which might be
referred to as an approach-contact interval (i.e., “he number of
seconds to elapse between completed approach and actual body ~onfact
with some part of the stimulus), was discriminative in a raunge of
approximately 1-10 seconds. The subtlety of this discrimination would
escape casual cbservation and would have been undetected in the 15-
second observations used in the study, unless an investigator were
looking for differences of this small magnitude. Descriptions of
these differences (i.e., the speed with which the subjects.picked

up or manipulated objects after approaching), do not show up in

the data recorded becmuse of their briefness, but could be recorded
on film or video tape for finer analysis. The examples below,
however, do illustirate the more noticeable differences in four
subjects as they each approach the bvalance for the first time,

and decide whether or not to explore further. .

lSubJect %~3: the first symboi denotes Grade Level-X, 2, 4, or 6;
the second symbol denotes the order in which the subJect van ob-
served in his class--1st, #nd, 3rd,...30th.
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Subject 4-8
Approaches balance and stands looking without
touching (30 seconds).

Subject 4-30

Gets up from chair, approaches balance, looks and
touches scales, goes back to chair {15 seconds).

Subject U3

Approaches balance, touches styroroam balls, and
leaves (15 seconds).

Bubject 6-10
Approaches balance and touches one side; watches as
it moves (15 seconds).

Subject 4-25

Approaches balance; examines balls as he takes them
out of cups. Feels balls and lays them down (30 seconds).

Subject 6-19

Approaches balance, touches one ball; picks it up
and puts it on balance pan (15 seconds).

Subject 2-18

Approaches balance; begins adjusting screw on empty
scales; adds balls to cup (45 seconds).

Level 3: Reorganization - The final responses in the sequence
were mo#t discriminative of Individual differences. The variety
which characterized different versions of rearranging or reorganizing
stimull was enormcus; yet most subjects maintained nearly the same
general posture (i.e., eyes were still fixed on the stimulus,
movements were ordered and sequential, with some tension remaining
in the movements). The examples below only sugger* in the briefest
way some of the variety characteristic of Level _ ~ponses to a
single stimulus, the balance:
Subject 2-3

Approaches halance; puts small ball on one side; puts

petri dish on other side; [scales do not balance];

tilts entire balance by picking up one end...

Subject 2-th
Approaches balance; puts one cup of balls on each
side; adds can of fish food to one side; watches;
takes cup of valls off; puts one large rock [from
rock collection] on same side; watches; finds adjust-
ing screw and turns it...
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Subject 2-24

.+.puts fish food on one side of balance; puts
kanga"oo rat food on other side; waits snd watches;
says "“This [fish food) is heavier.”

Subject 4-7
Approaches balance; puts two balls of equal size

on each side; adjusts top gcrew; waits; uses hands
on each side to balance...

Subject 4-12 .
... has been rearranging for several seconds]...
puts large ball on one side =znd medium ball on other

[they don't balance); reverses:.balls putting large
and medium balls on oppcsite sides...

Subject 4-17
puts a petri dish on each side; sits cups in petri
dishes; begins to fill cups with balls...

An interesting difference among Level 3 responses was reflected
in the persistence with which some children explored. The temptation
to equate persistence with increased curicsity was camnon. However,
it was apparent that subjects who left one stimulus to investigate
anotherl, exhibited the same characteristics of exploration with the
new stimulus a8 those subjects who remained and persisted to ex-
plore the original stimulus. Repeated comparisons of this sort
12ad to the conclusion that the link between curiosity and persistence
may lie in the eye of the beholder, Until such behavior can be
analyzed more closely, as might be possible with the use of film, a
distinction between persistence and curiosity was dependent upon
observable differences in motor responses.

The attention-span of the subject toward a particular stimulus
veried slightly with age. Among kindergarten sub)ects the Aaversge
attention-span was 10.5 seconds; second grade subjects averaged 7.9
seconds per stimulus while fourth and sixth grade subjJects averaged
9.1 and 9.5 seconds, respectively, per.stimvlus,

1At Level 3 (i.e., mors than Level 1-approaching. or Leve) 2--
manipulating).
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Motor Responses of a Quasi-Exploratory Nature

A group of behaviors which were of transitional nature deserved
special treatment. Because these behaviors resembled exploratory
behavior more than they resembled any other veshaviors described in
this study, they have been classified as quasi-exploratory responses.
Although exhibiting most of the characteristics of exploratory behavior,
in one or more ways the responses differed s.ightly. The general
level of activity remained high {usually Level 3), but eye-hand co-
ordination faded and general nuscle tone became relaxed {see
Subjects 2-24 and 6-28). Manipulative movements frequently became
simultaneously accelerated and abbreviated. This latter charecter-
istic can be illustrated by subjects who flicked or turned ithe screw
adjustment of the scales with a casual Jerk when previoucsly they had
turned it with care. In ethologicsl terms, subjects were approaching
satiation; in educational terms, learning was becoming incidental.

Quasi~exploratory behaviors varied according to age groups.
Among kindergarteners curiosity svolved more often to pure play
(using Hutt's distinction described earlier). Children played games
with the balls or filled and emptied food dishes for the rat.
Among sixth graders there was some play of this sort but uore often,
vhen sublects tegan to show signs of indifference toward a stimulus,
they left the objects on the table and went over to sit eand read.
For some, reading appeared to be an escape (subjects turned pages
without looking); for others it appeared to offer exploration (subjects
used index to find information). Whether the activity of reading can
be classed with quas’-exploratory behavior is not certain. The
criterion used to place it in this category was that reading, like
investigatory play, had some of the characteristics of seeking "surplus'
information: eyelids drooped a little, coordination began to fade,
and muscles were more relaxed. Table 3 shows how quasi-exploratory
behaviors were distributed in time by age groups. It is important
to realize that this kind of activity represented $.9% of the total
observation time.

'

An interesting relationship began to emerge as guasi-exploratory
behavior was compared with question-asking behavior. Figure 3
illus*rates the inverse ratio of this relationship. The importance
of the relationship will be discussed later.
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Non-Exploratory Behavior

A final group of behaviors clearly differed from exploration.
The group consisted of such activities as sitting or standing with-
out ¢ther apparent motor responses, talking about personal
exper'ences, and general grooming including care of clothing, finger-
nails, and so forth. The children who exhibited non-exploratory
behavior to eny great degree were easily noticed among the others:
if they were "talkers" it was difficult to continue tsking notes
during their chatter; if, on the other hand, they simply sat, or
sat and examined a scratch or folded & sweater for several minutes,
it was equally difficult enduring the 1l0-minute \bservation period.
Only two children fit this latter description.
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Scores.

&——— Approach >, € xngﬁmﬂnTl e Reorganize >,
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APPENDIX D
Teacher Rating or "Teacher Appreisal of Curiositx".*

In terms of the description given below, will you
please rate your pupils in the following manner:

1. Write the name of the child you consider to have
the most curlosity on the first line.

2. Next, write the name of the child you consider to
have the least curlosi%y on the line corresponding
to the number of pupils in your class.

3. Next, write the name of the child you would rank
second in curlosity on 1ine 2.

4. Then write the name of the child you consider to
have next to the least curiosity on the 1line above
the neme of the chilld having the least curiosity.

5. Continue ranking in this manner wntil you have
ranked all of the children in your class.

Definition of Curiosity: A child may be said to have
curiosity to the extent that he: ‘

1. Scans his surroundings looking for new experiences.

(For example, if there is something new in the
room, he notices it.)

2. Moves tow.rd new, mysterious, or incongruous elements
in his environment, either pnhysically or psychologi-
cally. (For example, he approachas and/or asks
questicns about ¢ strangc object found on the play-
ground. )

Maw and Maw, 1964.
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3. Examines, explores, and/or manipulate: new, nysteri-
ous, oOr incongruous elements in his enviroament,
either physically or psychologically. (For zxample,
he looks at and/or handles, studies, asks questions
about, reads about, discusses a remote-control doll
another child has brought to school.)

4. Pergists in such examinat’ons, explorations, and/or

‘ manipulations. (For example, keeps studying about
the remote-control doll until he understands how it
Works. )

All of theée may not be observable in any one
child. It 1s reasonable to suppose that the more of
these kinds of behavior a child shows, the more cuirous
he 1s. The child who shc s the most curiosity may or
may not be the one who is making the best classroom

adjustment.
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