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j A SERIES OF EXPERIMENTS WAS DESIGNED TQ STUDY THE VILUE OF TEACHING
! CHILDREN SUCH A COMPLEX PROBLEM=-SOLVING STRATEGY AS TO USE KNOMWLEDGE
] - OF RESULTS AFTER A PERFORMANCE TRIAL TO REJECT HMORE THAN ONE

N | HYPOTHESIS AT A TIME (MULTIPLE HYPOTHESIS STRATEGY)e APPROXIMATELY
i 150 THIRD-GRADE CHILDREN WERE DIVIDED INTO 3 GROUPS~~THOSE TAUGHT
. THE MULTIPLE HYPOTHESIS STRATEGY, THOSE TAUGHT TO SELECT A

L i HYPOTHESIS AND STICK WITH IT UNTIL PROVEN WRONG (SINGLE HYPQTHESIS

g STRATEGY)y AND THOSE GIVEN NO STRATEGY INSTRUCTION WITH AND WITHOUT
OPPORTUNITY FOR PRACTICE., INSTRUCTION AND TESTING WERE CARRIED QUT
BY MEANS OF AUTOINSTRUCTIONAL PROGRAMS WITH COMPUTER-GENERATED
SEQUENCE. THE EVIDENCE INDICATED THAT INSTRUCTION IN PROBLEM~SOLVING
STRATEGIES WAS SUPERIOR TO UNGUIDED DISCOVERYe RELIABLE DIFFERENCES
BETWEEN MULTIPLE AND SIMGLE HYPOTHESIS STRATEGIES WERE NOT OBTAINED,
MULTIPLE HYPOTHESIS STRATEGY INSTRUCTION WAS CONCLUDED TQ BE NOGT
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DIFFERENCES IN ABILITY AND AGE, HOWERVERy CORRELATED WELL WITH ALL
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FOREWARD

For a long time, research in learning has been carried
on in the psychological laboratory at a highly theoretical level.
The controlled conditions, the special environment, and the
careful manipulation of experimental treatments which charac-
terize this type of research have often led educators to feel that

the findings are not particularly relevant to the problems of the
classroom teacher,

There are many important questions, however, which
can be profitably investigated in an appropriate school setting.
The vast number of such inquiries is one index of the extent to
which this need has been recognized. Another index of this
change is the fact that more and more educational innovations,
in terms of both instructional procedures and materials, are
now being welcomed by school personnel. While the climate
for research has thus become increa singly temperate during the
past few years, there are many problems of administration, and
inconveniences which result when everyday classroomn: routines
are impinged upon, that should not be minimized.

It is with the acute awareness of the problems involved
that the principal investigators and the director of Project 2477
wish to express gratitude for the continuing cooperation of the
two school systems whose understanding of the need for ex-
ploratory research made it possible to carry out the investigation.
Mr. Thomas Reece, Superintendent of West Elementary District,
who has been so helpfu® in several other University of California,
Los Angeles, research programs under the United States Office of
Education, again was unstinting in his efforts. By his own
recognition of the value of educational research he has assured

the cooperation of the staffs in the schools allocated to the
project.

Mrs. Margaret Johnson, Principal, and Mr. Sidney Carp,
Vice Principal, were especially patient and long-suffering,
having hosted both the two pilot studies as well as the first of
the major experiments of the project.
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Mrs. Lois Fleming has also had previous occasion to
provide research facilities to the University of California,

School of Education, and has amply demonstrated her willing~
ness to share in the research enterprise.

Mr. Kenneth Peters, Superintendent of the second
school district involved in the project, Dr. Isabel Dible,
his Director of Research; and Mr. Frank Scott, Principal of
the school at which the research was carried cut, have had
a shorter history with the research project, but their willing-
ness to cooperaie was amply demonstrated.

Not only were all the teachers and clerical personnel
unfailing in their patience with the unavoidable inconveniences
occasicned by the experimental procedures, but they also
actively demonstrated their real interest by asking for and
attending demonstrations of the experiment. The parents of
the children who also attended these demonstrations, and
finally the children themselves, have made invaluable contri-
butions to the course of the research. Hopefully, a little more

light has been shed on the intriguing question of complex human
learning.
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CHAPTER I: INTRODUCTION

A great deal of interest in recent years has been expressed
in the cognitive development of young children. During the past e
decade, a large number of studies in early childhood development e
have lent considerable support to the possibilities of greatly
improving the competencies and motivations with which children
approach the learning situation. These findings have suggested
that the intellectual capabilities of the young child are receiving
insufficient stimulation in the early grades. The lack is not in
terms of the specific content but rather in the level of complexity
which the teachers expect of the child.

In reviewing the work stimulated by the theoretical formula-
tions of Piaget, Hunt (1961) has emphasized the critical importance
of teaching information-processing skills. He points out that the
cultivation of the intellect may best be facilitated by providing
young learners with the opportunity for asking questions and dealing
with the answers they are provided.

The purpose of the project reported here was to explore the ‘
possibilities of teaching young children strategies which would
improve their efficiency in solving problems. Children generally
adopt a random approach to learning,failing to profit from much of
the information which is available to them. A number of investi-
gators (Braley, 1963; Hovland and Weiss, 1953; Donaldson, 1959;
Smoke, 1932) have indicated that most people do not use all the
information given when they are engaged in a problem-solving task.

i T
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In this investigation, therefore, children were instructed !
in two different strategies for information processing, one at a more Rt
complex level than the other. Each of these was compared to a =
procedure which provided experience in the task without systematic
strategy instruction. The project was also concerned with determining
whether the level of mental ability might be considered an important
factor in the acquisition of such skills.

A major assumption of the project was that these skills
result from a long history of learning to deal with a varietv of new
tasks, Although this experiment, by usual research standards,
involved a comparatively long period of instruction, it represented

I

o e

2,
Wiy e

e *
AR
A ’\f:n'ﬁ“f\vﬁ:ﬂl\mi‘vh .



: : % e o . e oy s [ [T S e g —n - . - e e tgmmae e T aen
LRI NN I > TIPS s Fe W L ek - v rmeme - — S . s

oy . 2 s . . - armns Ao
- - - - —— e e R Bt car e amn e v ————— v a  amee rs B TR

only a sample of what a systematic program might be expected to
accomplish over a long range application. The scope of problems
to which the strategies were applied during the experimental train-
ing was therefore restricted to a limited number of situations so
that the treatment effects could be more readily assessed. Inherent
in this approach was the assumption that the cognitive development
of the child is susceptible to environmental manipulation, rather
than an invarfant sequence of stages.

-In this context, how much gquidance to provide students
during the learning process becomes a question of critical importance.
It would appear that learners who have not acquired a system for
handling new information need considerable guidance to promote this
ability. If children are expected to discover solutions without help,
they must have previously been given the opportunity to develop
efficient systems for coping with problem situations. Thus learning
by "discovery" may be effective if children have previously learned
how to discover, but ineffective if such prior learning is ab.ent.

Without some adequate procedure for discovery, blind trial-and-error
behavior may result.

It would seem most plausible that an important way in which
children' s abilities to learn might be increased is by helping them
understand how to use knowledge of results more effectively. In
many situations in school the feedback which the child gets is not
primarily a motivational one. It need not be looked upon as a reward;
instead, the knowledge of results can be used simply to provide
information. The child learns how to interpret data rather than a
general tendency to engage in a certain class of behavior. In this |
way, knowledge of results serves as a discriminative stimulus and
is related to the formation of learning sets, An important question
then is whether young children can be taught to use strategies in
the solution of problems.

Where there are only two choices, as in a discrimination
learning set situation, the knowledge of results obtained on the first
trial is sufficient to solve the problem. In Harlow' s experiments
with primates, one-trial learning was attained after practice with a
) number of similar tasks. It is interesting to note that the trained

. animals were more apt to be correct on the second trial if the choice
o | selected on the first trial was incormrect.
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A common strategy used for two-choice problems’is to
select one rule or hypothesis as the basis for matching and to ¥,
continue to use it until it fails to work, at which point another
possible solution is selected for testing. This has been charac- ‘
terized in gamblert s terminology as a "win-stay, lose-shift" R
procedure. If the subject keeps track in a systematic manner 1
of the hypotheses tested and rejected, his behavior might be .
considered non-replacement or " intelligent guessing.” Frequently, .
due to poor information processing or inadequate memory storage, ' =
hypotheses found to be incorrect are not discarded. Instead, they S
are replaced in the population of possible hypotheses and tried again N ;
at a later time, This trial~and-error behavior might be deseribed as P
hypothesis-testing-with-replacement, or "blind guessing." While
an appreciable proportion of successes are possible on a purely
chance basis, neither of these approaches makes full use of the
information available from knowledge of results,

e

Where the nature of the subject matter permits, an alter-
native and more efficient approach is for the learner to test several
hypotheses on each trial. For this procedure, knowledge of results -
is usaed to dichotomize successively the repertoire of-solutions into ;{_LE
those which are possible and those which 3re not, and thus must be :
eliminated. In this fashion the sophisticated learner is able to halve

-
the ropulation of available responses for each step in the data vy W
Processing, ard is able to “zero in" on the correct solution in half {ﬁ ,
the number of trials, y

An important feature of this procedure is that the reward or w,
punishment contingencies of the child*s responses are postponed, L
If during the early stages of problem-solving activity, the child is ‘ﬁ i
responding in order to obtain information, and does not become 8]
ego-involved by committing himself to a selection which can only g
be correct by chance, there is an increased likelihood that e:zploratory
and question-asking behavior will be adopted in the future. Fear of i
embarrassment or failure, which plays such an important role in even '
the youngest child® s willingness to participate in clagsroom ‘&
recitation, becomes minimal when the initial responses to probiem-~
situations are viewed as 1nfonnation-process1ng. Perhaps in this
way the child may learn to enjoy the intrinsic reinforcement of
compatence in intellectual pursuits, rather than seeking the extrinsic
reinforcement of approval based upon the chance production of
correct responses without understanding,
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CHAPTER II: KEVIEW OF THE LITERATURE : ; |

The importance of verbal learning, escpecially its
relaticnship to the development of intelligence and cognitive
competencies, has brought to bear on this question the efforts of
workers in a number of different but cognate areas. In reviewing
the experimental literature, therefore, it is helpful to utilize a
framework which will relate the relevant findings to major questions
of the present investigation. Report of the research will thus be A
subsumed under four topics: 1) the ontogeny of cognition; 2} the -
value of verbalization in problem~solving; 3) the use of strategies

in problem-solving; and 4) the role of guidance in strategy . .
1n8tmct10n. b

1. The ontogeny of cognition,

The work of Piaget has ingpired a great many investigations P
directly concerned with how children develop concepts. The
essence of his theory is found in two sources, Piaget, 1953 and
1961, but a more specific application to concept formation, and
some of the data from which he draws his conclusions, are available
in Piaget, 1928, '

\,'\\ Nt vt

The basic postulate is that the genesis of human thought
goes through a series of stages, each of which is Prerequisite to
the next, "The first operations only appear between 7 and 8 years,
on the average, and in a concrete form, . .whilst verbal or
propositional operations only arise toward 11 and 12." (1953, P.13)
According to this thesis, most of the children used in the
experiments of the present study, would be still in the "pre- ¢
operational" stage. Thus Plaget seems to view conceptuai behavior
in terms of logical operations which are functionally related to
developmental patterns.,
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A sampling of experimenta! investigations of Piaget's
hypotheses provides an almost equal number of supporting and
challenging results. Ausubel and Schiff (1954) found that young
| children who had been taught the principle of the fulcrum in terms of
e a teeter-totter were ready to accept the color of the balancing
s weights as the basis of operation. However, older children refused

i to accept this explanation. Both Elkind (1961) and Lovell and
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Ogilvie (1961) found the development of the concept of physical
volume to be age-related. This also applied to the conservation
of mass and welight,
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Smedslund (1961) demonstrated that children who had
been taught the concent of conservation of welight under experimental
conditions gave up the concept and reverted to more primitive
perceptual strategies; however, only about one-half of a second
group who had already acquired this concept were induced to accept
inferfor interpretations of the conservation phenomena, Smedsiund
infers from these results that concepts learned by means of external
reinforcement do not have the functional properties of normally
acquired "logically necessary" concepts.,
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An extensive series of investigations by Morf, Smedslund,
Vinh-bang, and Wohlwill also supports the position that while
children can be taught specific associations, they must have
reached the stage of classification in order to be able to generalize
this learning. A similar finding was reported by Ervin (1960) who
taught third and fourth graders a strategy involving a physical principle,
but could not obtain transfer in a mirror-reversal situation, Wohiwill
and Lowe (1962) could find no transfer to a verbal test of conservation
of number after children had been taught this concept under three
different experimental procedures. Wohlwill (1963) concludes
that "...in young children the transfer effects to be expected from
experience designed to orient the subject to the diffeventiating
aspects of a set of stimuli are likely to remain fairly specific," (P. 12)
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P An equally respectable body of evidence throws some doubt &

as to the defensibility of a theory of invariant stages in cognitive %
development. Furth (1963) found that conceptual control was e
related to intelligence but only minimally associated with age or :
language. Arnsdorf (1961) found that children could profit from 3

systematic instruction in the time concepts involved in the social &

studies, The effects of instruction were also demonstrated by

Coxford (1964), with the reservation that such instruction could only

advance a child from one stage to the next, and could not be expected

to bridge over a missing stage of development. Dodwell {1961)

. B working with number concepts with children 5 to 8 years old

. (kindergarten through second grade), found little evidence of a

consistent progression through the stages postulated by Plaget,

|3 f Dienes {1959), who confirms Bruner' s (1960) statement that “any
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subject can be taught to any child in some honast form" (P.52),
found that most children could be taught complex numerical concepts.
This has also been demonstrated by Keislar (1961),
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Keislar and McNeil (1961) have taken the position that g
“childrea can be taught to give scientific explanations of physical 3
phenomena if they learn a theoretical language for dealing with %
such events." (P, 73) They found that first grade children could
learn an abstract scientific language, and that they could then
"learn to use this language as segments of the chain of intraverbal
responses in the explanation of the physical phenomena of evaporation
. and condensation,” (P, 82) They also demonstrated that these children
had acquired general understanding and not merely rote as sociations.

iE

.

Additional evidence which is interpreted as being contrary
to the ontogenetic theory is provided by Klingberg (1957); Ling (1946);
and Salmina (1960). Zinchenko (1959) has obtained results which
show that first graders cannot use classification spontaneously,
but they can be taught this skill,
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Working with kindergarten children, Ojemann and Pritchett
(1963) showed that carefully planred learning programs could
significantly affect the development of the concept of specific gravity,
and that Plaget'® s stages do not hoid for a large number of these
children whan a planned learning program is used. Finally,
Anderson (1965) has demonstrated that children given appropriate
and sufficient training are able to learn a problem-solving skill.
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. ﬁ He concludes that "rea soning and problem-solving capabilities

- ;, . are best conceived to consist of repertoires of behavior, modifiable
in accordance with principles of lesrning, instead of inaccessible
structures and processes., . .instruction based on this presumption
is feasible." (P. 293)
h Such findings suggest that attempts to texch complex

operations to young children should not be considered unprofitable
or wasteful without further investigation into the types of materials
and programmed sequences which may provide the basis for the -
acquisition of broad problem-sclving abilities at an early age.

2. The value of verbalization in problem-solving,

To deal effectively with errors the child must be taught how -
to profit from feedback information. One technique for accomplishing
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this is through the use of verbal mediators. Many studies have
demonstrated that conceptual behavior of children is facilitated
when appropriate verbal responses are acquired.

A very early study by Pyles (1932) found that children
demonstrated superior performance in discriminating named over
unnamed nonsense figures. This line of investigation was almost
completely ignored until Birge (1941) demonstrated the role of
mediating responses in conceptual behavior. Young children who
were taught to call two very different stimulus objects by the same
name (a nonsense syllable) were more likely to generalize a
reaching response than if the objects were given differant names,
The likelihood of such generalization was increased when the
children were required to g3y the name out loud,

G. N, Cantor (1955), in a very similar type of experiment
with pre-school children (3 to 5 years), found that those who had
learned to associate different names to stimulus objects were
superior in a transfer task with these objects than children who
were taught to attend to relevant stimuli pattern but had no
distinctive labels for them. No significant effects attributable
to age levels, within the limited range of the study, were produced,

Dietze (1955) taught one group of kindergarten-age children
distinctive nonsense syllables as verbal labels for similar stimulus
objects, and another group similar-sounding syllables for the same
objects. The group which had learned the distintive labels were
significantly superior to the similar-label group in all measures
of learning and transfer.

This study raised the question of whether "acquired distinc-
tiveness of cues" could be enhanced by using verbal labels. While
not designed to test this, the expsriment of Carey and Goss (1957)
added some light here. One group of pre-school children learned
common familiar words as labels; another group learned nonsense
syllables. Although both the familiar word and the nonsense
syllables were conditioned to the same Criterion, the familiar word
facilitated the transfer task of block-sorting, whereas the nonsense
word did not. :

Eisman (1955) taught a group of young children to agsociate
a different familiar-word label to each of three pairs of blocks.
The only basis for associating a particular color with a particular
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shape was the verbal label which had been conditioned to both -
blocks of the set. In four different situations, these children e
consistently demonstrated transfer based on the common verbal ’
mediator. There was no attempt to determine whether there was

3
any awareness of the conceptual basis on which the responses i .
were made, .

Jeffrey (1953) tested whether a verbal response mediator
or a motor response mediator was more effective with youiig
children, and found verbal mediators significantly superior to
motor mediators in obtaining generalization. In addition, it was
found that a control group which had been given the motor response
training but had not been permitted to make this response during
the transfer task perfcrmed significantly better than chance. This
might indicate that some covert verbalization had accompanied the
motor response learning, and that the *detachable” stimuli had
remained effective even while the motor response was inhibited.

Muehl (1961) applied the mediation hypothesis to the
teaching of reading skills. Young chiidren, taught to discriminate
letter forms and associate the leiter names before seeing them in
words, were superior in word recognition, Following this line of
investigation, Hendrickson and Muehl (1962) tested the effact
of motor pre-training and verbal labeling, All children were given
pre-training in pressing the left laver for an arrow pointing left
(the @ direction), and the right lever for the arrow pointing right
(the b direction), They then learned to associate a different
familiar word with b and d. However, the words used were not
: related to the letter. These children were divided into three
&i groups. One was given consistent motor training, another incon-
g@

A A | - T O
.

,
N v e i nd SRS
< o N
S et
[}

sistent motor training, and a third, given training with colors,
was used as a control. The rasuits showed no diffarence betweon
relevant or non-relevant pre-training, but aay type of motor
Pre-training was superior to noneat all,

A whole series of experiments (cf. Kendler and Kendler,
1961, 1962, and Kendler, Kendler and Wells, 1960) is directly
concerned with studying reversal and non-reversal shifts as an
approach to the understanding of concept acquisition in young
children. The theory is that in a reversal shift the appropriate
verbal labels, developed during the preliminary discrimination
training, remain relevant and facilitate lsarning, whereas in a non-
reversal shift new labels must be acquired while the old labels
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produce interference. If reversal learning ig obtained more
quickly than non-reversal learning, it is presumed that the
verbal mediators are cperative. With infra~-human animals and
very young chiidren, where verbal mediators are inoperative,

aon-reversal shifts were more easily acquired than reversal shifts.

Somewhere between the kindergarten and first grade there is a

transition, and reversal shifts become easier for more and more
children.

Spiker (1556) hypothesized that learning discriminable
verbal responses to a given set of stimuli will facilitate learning
motor responses to these same stimuli, Young children were
taught a different name for each of two similar stimuli in a pre-
training session. A control group was given perceptual discrim-
ination experience with the same stimuli, but without learning
names for them. The hypothesis was confirmed with the younger
children, but there was no significant difference between naming
and discrimination experience with older children,

The results wers interpreted in terms of acquired
distinctiveness of cues, which assumes that learning of the
distinctive (verbal) cues for stimult makes them functionally
more discriminable. The acquired distinctiveness may result
from the use of stimulus names in rehearsing the 8-R connections
during the inter-stimulus interval, This presuposes mediation,
since there would be no facilitation unless the stimulus name

mediated the appropriate response when the stimulus was presented.

Olcer children were able to supply their own distinctive labeling
responges, but younger children were considerably assisted by
the pre-training in labeling.

Norcross and Spiker (1957) found that pre-training in
attaching verbal labels to stimult facilitated transfer with young
children, and (1958) that this transfer could be either negative

or positive, depending on the experimental conditions. Spiker (1959)
suggested that this pre-training might be effective even when verbal

mediators were not available, as with very young children, by
minimizing failure~produced responses,

Like Dietze (1955), Norcross (1958) tested the hypothesis that

facilitation in a transfer task may be predicted as an increasing

function of the distinctiveness of the response-produced stimull (cues).
The results confirmed the hypothesis---more correct responses were
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made to pairs of stimuli for which dissimilar nonsense names
had been learned.
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The investigation of Weir and Stevenson (1859), closely
related to that of Sptker (1556), tested the assumption that the
lack of difference attributable to verbal labeling with the older
children was due to the fact that they were able to supply their
own mediators, These investigators found that instructions to
overtly verbalize the mediators facilitated learning at all age
levels tested. They speculated that the non-verbalizing older
: children develop more complex hypotheses which irterfere with
-3 simple solutions. In such cases, the implicit verbalization of
‘ the wrong hypothesis would interfere with acquisition of the
correct response.
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The facilitating effect of pre-training verbal labels with
young children is supported by Steigman (1960), Lacey (1961). and
Shepard (1957). A number of other studies recognize the effect-
iveness of pre-training with verbal labels in general, but have some
reservations when it is used in experiments with young children,
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Ruzskaya (1958), while concluding that the mos: fmportant
factor in concept formation is the verbal sign, commented that
labels were particularly important with the older (7 year old)
children, as compared to younger (3 year old) children.

Teffrey and Kluppel (1962) noted that pre-trainina with Ea -
relevant mediators may have no facilitating effect on the sub- iy 8
sequent learning of the concept. Kendler {(1963) also pointed out
that the child® s possession of a concept label was no guarantee
that the child had acquired thc concept. Norcross (1958)
concluded her study, which generally supports the effectivernoss
of verbalization, with the caution that the cue-function is
dependent upon how well the cue has been learned.

To explain those findings, as well as similar negative
results in other studies, Reess (1962) advanced a “mediational
deficiency* hypothesis. Based on results of experiments with
various types of verbal madiation problems, his position is that
there is a deficiency in mediation in young compared with older
children. This is related to the fact that the critical age for
occurrence of mediation may be different for different experimentat
situations, and for differen? concepts. *
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Particularly pertinent for the present investigation is
Reese’ s point that with a well-learned concept there is no
deficiency in mediation ag a function of age, and with less
well-developed concepts there is a deficiency at any age.
Finally, if mediation is considered a voluntary process which
can, in a sense, be externalized by preliminary rehearsal of:
verbal labels, then instruction in the use of the labels should
facilitate transfer. If mediation is an involuntary process,
instructions should have no effact. However, if in any particular
experiment instructions are found to have no effect, the conclusion
cannot be drawn that mediation is an involuntary process. The lack
of effectiveness of labeling may be more simply attributed to
inadequate experience with the verbal cues,

Murdock (1960) confirmed previous findings that learning
and transfer are facilitated with verbal responses, that verbal
cues are more facilitating than motor responses, and that dis-
tinctive cues produce greater transfer than similar cues,

With respect to previously conditioned verbal mediatcrs,
Osler and Fivel (1961) discovered that neither C. A. (age groups
6, 10, and 14) nor the position of the label in the concept
hierarchy (concrete to abstract), produced any differences in
learning. The most significant finding was that high 1.Q. children
tended to be “sudden" learners. Osler and Trautman (1961), following
up this study, concluded that the brighter children used concept
labels as verbal mediators to test hypotheses, whereas normal
children attained the concept through rote association.

Kurtz and Hovland (1953) presented familiar objects to
elementary school children, and asked one group to locate and
circle a particular object on a sheet of pictures, and a second
group to circle the object on a sheet of names, and to pronounce
the name aloud., In a one-wesk retention test, the group which
verbalized the name was significantly superior in recall and in
number of correct responses. Gagné and Smith (1962} suggests
that verbalization becomes more important as the complexity of
the problem increases.

A pilot stu y carried out for the present project (see Appendix A)
concurred with the preponderance of evidence which shows that
verbalization facilitates the use of appropriaste concepts, whether

these concepts are familir or acquired during the course of the ex-
periment,
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Although there seems to be consensus that verbalization
may facilitate concept learning with very young children, the
relationship of this variable with age and problem complexity
needs further investigation.
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Wohlwill' s (1963) statement provides a fitting caution
with which to close this section:

o e

There still remaing a question whether the acquisition of
verbal mediators in and of themselves operates to change -
the learning and transfer process or whether they represent S .
rather an external manifestation of more general cognitive K
changes taking place during the course of the individual’ s
maturation. {P. 20)

3. The use of strategies in problem solving.
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While the ontogeny of concept formation and the influence i
of verbalization in mediational processes are closely related to problem %
solving, the major focus of the present investiyation is on the develop- 3
ment of those organized or systematic sequences of behavior which are ;f
customarily referred to as "strategies.” As Anderson (1965) has 3
pointed out, "three processes--discriminative control of problem- 4
solving behavior by task cues, control of behavior by response-produced ﬁ
cues, and selection of forms of behavior by reinforcement--are gufficient )j%
to account for the coordinated, purposeful character of some problem- 3

solving behavior...” (P, 285) Children were taught a basic strategy
which has been shown to be of value in many scientific and experi-
mental investigations: that of holding constant all relcvant features

of a problem except the one being manipulated. The study demonstrates
that, when presented with suitable training, children will acquire and
transfer a rather advanced, complex problem=-solving skill,
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Weir (1964), in his discussion of age diffsrences in problem-
solving, notes that younger children do not use the same type of
strategies as older children. This may be due to age-related differences
in the ability to handle language. However, Bruner postulates that
there are "styles" of problem solving which are more or less efficient
with certain types of problems. For instance, certain individuals,
whom Bruner identifies as " scanners" » do better on disjunctive
problems where the ability to retain and use both negative and
positive information is of particular advantage. "Focusers®, on the
other hand, are apt to be superior where the memory storage factor
is minimal,
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Kagan, Moss, and Sigel (1964) also talk about cognitive
styles, but relate these to developmental stages. They make the
point that the child® s initial conceptualizations are glokal and
over generalized and tend to become analytic and differentiated as
the child matures. Other investigators, for instance Glanzer,
Huttenlocher, and Clark (1963), have related strategies or styles
of problem-solving 0 a number of important variables in the
problem itself, Among such factors as type of exemplars (negative
or positive), ratio of relevant to Irrelevant instances to total
number of examples, presence of superfluous information, ordering
of examples, amount of information required to solve problems, and
rate of introduction of new information, probably the most important
effects are attributable to information structure of the problem and
memory storage load,
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In addition to the work sited above, there is a large body
of literature on the question of problem-golving strategies in which
more mature students have been used ag subjects, A number of
studies by Bourne, Trabasso, and Bower fall into thig category.

It seems however, that findings obtained with young adults who
have had a long history of strategy acquisition and application
have minimal relevance in studying the young child* s ability to
learn mformation-processing skills,
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The study of Reynolds, Glaser, and Abma (1964) is
nevertheless worthy of note in that a major hypothesis tested was
the effect of individual differences in mental ability in the formation
of learning set through programmed instruction. The results did not
confirm the hypothesis that high 1I.Q. subjects would not profit as
much from programmed instruction as average 1.Q. students. However,
it was found that the learners in this study were not dissimilar when

compared to Harlow* s primates: T -
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When incorrect frame responses occur, the immediate feedback
Serves as a correction trial, This explanation implies that
terminal achievement in linear programming is not solely a
function of the opportunity of immediate confirmation of correct
responses, but rather that the frames of a program provide

both confirmation of correct responses and correction for

wrong responses, both of which contribute to producing the
desired terminal bebavior. . .under certain conditions, correction
is as effective as confirmation in producing learning. (P. 13)
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4. The role of quidance in strateqy instruction.

The relative merits of instruction vs discovery methods
for obtaining cognitive learning have been investigated under
many different experimental conditions, Kofsky (1963) noted
that in classification tasks children's respcses had no
sysiematic reference to the stimuli, even after the basis for
classification was explained. The implication was drzwn that
the verbal mediators supplied by the experimenter ha:d no
cue-function at this age level,

Both Luchins (1942) and Wel ss (1954) found that verbal
instructions which improved the performance of adults and older
children were less effeciive or ineffectual with younger children,
The studies of Kofsky, Luchins, and Weiss may be cited as evidence
in support of Reese' s mediationai deficiency hypothesis. White
(1963) presents an excelient survey of research on the effects of
verbal instructions with young children,

A study by Bruner (1956) showed that children who selected
their own mediators as a basis for remembering paired-associate
¢ material, were superior to a group who were given the medintors
;*j used by the first group. While this has been taken as evidence
; for the superiority of discovery, all that can be indisputably
inferred is that a strong mediator for one person may be a relatively
weak one for ancther. Obviously, the strength of a mediator is
dependent upon the individual’ s history of conditioning with it,

As Gagné and Brown (1961) have Pointed out, one reason why self-
discovery of a principle i3 superior to instructions is that the
learner is forced to express the principle with his own words,
which are more meaningful to him,

£ Corman (1957) related type and amournt of information to
— individual differences in mental ability, 1In the analysis of the

3 & results, Corman stated that the more capable students showed no
significant differences in complex transfer tasks as a result of more
information about either the rule or the method, In simple transfer,
the able students profited most from a combination of information
about the rule and the method. For all students, information about
the rule did not seem to affect results, However, an inspection
of the tables from which these conclusions were drawn shows thut
the task was so difficult that Performance was at a chance level,
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All the low-ability students did so poorly (.3 to 1.3 problems
solved) that there were no significant differsnces. The only 4
legitimate conclusion here is that the problems were too
difficuvit for the subjects or the instruction was inadequate.

Kersh (1962) taught one group two rules for solving an
addition problem. The other group was given guidance in dis-
covering the rule by themselves. He found that the guided group
was superior in a retention test. However, this group was found
tc have practiced the problems in the interim. Kersh concluded
that the discovery method was more motivating.
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Haslerud and Meyers (1958), usually cited as supportive
of discovery methods, only showed that the percent of improve-
ment in the retention test was greater for the uninstructed group.
But in absolute score, they were still inferior to the instructed
group. Katona (1940) demonstrated that those who have learned
a given principle can generalize this learning to new instances of
the same principle, whereas those who have learned a whole series
of instances of the principle~-~but not the principle itseli-~-are
unable to solve new instances of the principie, and also are less
apt to remember the ones they did learn. The subjects did not,
by themselves, derive the principle from a large number of in-
stancee; those who were taught the principle were able to usge it
in new instances, and retained it after a month' s time. Duncanr 2 B
(1963) found that increased amounts of instruction decreased the 33 B
number of overt responses required to solve the problem, but in- "'
creased the amount of time. it imight be pointed out that the type ; f
of information given was not very helpful. Neither the way to &
solve the problem nor the rule for solving it was provided,
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Ewert and Lambert (1932) found that increasing the amount
of instructior increased the amount of learning--~but the amount
of improvement was closely related to intelligence. In other words,
for tl:e verbal cues to be functional they must be meaningful,

Irwin gt. al. (1934) noted the fact that knowing the rule or
principle was not enough by itseif; it must be rehearsed or practiced
in its appiications.

Craig (1956) found that the group which received brief
verbel instructions during the training period learned and retained
significantly more than did the group which had had no help.
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Underwood and Richardson (1956) also found that the greater the amount
of information given concerning the content or nature of the concepts
to be learned, the more rapid was the acquisition of the concepts.

Kittell (1957) demonstrated that children who were given
instruction as to both principle and organization of the material

were superior in learning, retention, and transfer, to groups given
either less or more direction,

N . R
¢ \,': Gg ,‘ i PR '..‘ ,[“‘. S P
LA LY S R d W el §,

Shipstone (1960) presents an excellent discussion of the
variables affecting conceptual learning. The information capacity
of the human channel is limited. Verbal instructions or rules provide
a means by which the sensory input can be recoded into meaningful
units. Exploring these relationships with Miller* s * stringg" ---
constructed grammatical sequences---she found that when the task
is too difficult, verbal instructions will not help. Otherwise,
the optimal use of rules or instructions is to get the subject to
extract the maximum amount of information from the examples given,
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The effectiveness of verbal instructions as "sets to learn"
specific types of concepts, or types or responses, or as verbal
cues for the bases of organization of materials, has been demonstrated
by Reed (1964), Postman and Senders (1346), Entwisle (1961),
Ausubel (1960), Ausubel and Fitzgerald (196 1), Mulholland (1963),
and Wittrock, Keislar, and Stern (1964),

In the preceding studies, the effects of instructions which
provide positive information, usually before the performance of the
task, were investigated. Information telling what thc concept is,
or what it is not, may also have important effects on conceptual
learni.ig. Hovland and Weiss (1953) found that subjects identify
a concept more readily from positive instances which convey less
information, than from neqgative instances which convey nore
information about the concept, Donaldson (1959) relates the greater
difficulty in utilizing negative information about a concept to the
need for structuring the problem so as to be able to understand the
implication of the negative information. Cahill and Hovland (1960)
sound that, while learning from negative instances was difficult,
it was possibie when the subject knew all the relevant dimensions---
that is, if he could use the negative information to 