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CHAPTER 1

An Analysis of a Concept Attainment Task

Most of the research described in these pages involved a single kind
of problem. The subject--a first, second, third, or fourth grader--was
confronted with an instance of a phenomenon. His task was to discover the
necessary and sufficient conditions for the occurrence of the phenomenon.
Thic he did by making a series of observations, or experimental tests, in
which he varied features of the situation to determine which were associated
with the presence of the phenonehon and which were not. When he was satis-
fied that he knew, he described the necessary and sufficient conditions in
words. The kind of task which has just been described is often called a
concept attaimment problem. In this language it is said that the subject
is shown s positive or "focus " instance; that he selects instances;
xeceiveahfeedback as to whether. the instances are positive (show the
concept) or negative (do not show the concept); and, as soon as he can,

names the concept.

Description of the class of problems

A concrete example wili serve to 111uqttate tﬁe type of problem pre-
sented to the child and the sort of behavior expected from him. The
materials consisted of eight 2-1/2 X 3-1/4 in. cards taped in an orderly
arrangement on a 16 X 18 in. Masonite panel. The cards had figures
inscribed upon them that varied with respect to number (one figure or two

figures), color (red or green) and form (box or diamond). PFig. 1.1
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contains a representation of the card array. The coded description of
each card (e.g. 1RD, 2GB) was not included in the materials the child saw.
The following instructions were read to the child:

T will think of a secret and point to one card that shows

my secret. You pick cards to figure out my secret. Each time

you pick a card I will tell you whether or not it shows the

secret. As soon as you are sure you know, tell me the secret.

The "secret" was one of the 27 different concepts which can be
formed with the card array (and the other materials described later),
disallowing relational and disjunctive concepts. There is one O-dimensional
concept (all the cards) and there are six l-dimensional concepts, twelve
2-dimensional concepts, and eight 3-dimensional concepts. The 27 possible
concepts and the positive instances of each are listed in Fig. 1.2.

The problem migh* involve any one of the 27 possible concepts. In
no case did the child know which aspects nor how many aspects of the
stimulus were discriﬁinattve. He began only with a positive or "focus"
instance. It was not enough that the child say the "right answer." Tc
be counted as having solved the problem, the child had to choose a get of
cards and state a concept such that the set of cards logically implied thé
concept he stated and no other.

Compare the following two protocols. The only difference between them
is with respect to eveﬁt ¥4,

Child A

1. The experimenter reads instructions then points to 1RD indicating
that it "shows the secret.”

2. The child points to 1GD.

3. The experimenter says "No, that (indicating 1GD) does not show
my secret."

RS D B W0 e PR T M ME 5., - M M TSR M A B i T T T T
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Concept name Pogitive instances
All the Cards All the Cards
One 1RB, 1RD, 1GB, 1GD
Two 2RB, 2RD, 2GB, 2GD
Red 1RB, 1RD, 2RB, 2RD
Green 1GB, 1GD, 2GB, 2GD
Box 1RB, 1GB, 2RB, 2GB
Diamond iRD, 1GD, 2RD, 2GD
One Red 1RB, 1RD
One Green 1GB, 1GD
One Box 1RB, 1GB
One Diamond 1RD, 1GD
Two Red 2RB, 2RD

] Two Green 2GB, 2GD
Two Box 2RB, 2GB
Two Diamond 2RD, 2GD
Red Box 1RB, 2RB
Red Diamond 1RD, 2RD
Green Box 1GB, 2GB
Green Diamond 16D, 2GD
One Red Box ’ 1RB

“ One Red Diamond 1RD
One Green Box 1GB
One Green Diamond 1GD
Two Red Box 2RB
Two Red Diamond 2RD
Two Green Box 2GB
Two Green Diamond 2GD

Fig. 1.2. Possible coricepts with the card array materials.
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4. The child points
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to 1GB.

5. The experimenter says '"No, ..."

6. The child points

7. The experimenter

to 2RD.

says "Yes, ..."

8. The child says "The secret is Red Diamond."

Child B

1. The experimenter

reads instructions then points to 1RD indicating

that it "shows the secret.'

2. The child points

3. The experimenter
secret."

4. The child points
5. The experimenter
6. The child points

7. The experimenter

to 1GD.

says "No, that (indicating 1GD) does not show my

to 1RB.

says '"No, ..."

to 2RD.

says "Yes, ..."

8. The child says "The secret is Red Diamond."

Child B has solved the problem, that is, he has completed a series of

observations which can be taken to prove that the concept is Red Diamond.

Child A stated the correct concept, but the observations he made did not

logically eliminate the possibility that the concept was Red.

Rationale for the study of a class of problems

Ceneric definitions of problem solving are valueless since problem

solving is a family resemblance term. There are several reasonable and

customary usages of the term and a variety of tasks which are called
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problems. PFor this reason there will be no attempt to justify the task
chosen for intensive study in the present experiments by appeal to pur-
portedly generic definitions of problem solving.

Rather, the defense is that the task described on the preceding pages
is a representative of a peculiarly important class of tasks. The task
entails a pattern of inductive inquiry that has been important in the rise
of modern science and also plays a role in such practical problem solving
as medical diagnosis and the trouble shooting of malfunctions in complex
equipment. Bruner, Goodnow, and Austin (1956), whose provocative book
A Study of Thinking laid the groundwork for the analysis of concept
attainment, employed the case of a neurologist interested in pattern vision
in the monkey to illustrate the parallel between inductive inquiry in
science and a task such as a card array problem. '"More specifically,

(the neurologist] is interested in six cortical areas and their bearing
on pattern vision. He knows that, with all six areas intact, pattern
vision is absent. His techlnique of research is extirpation. In planning
his research, how shall he proceed? Destroy one area at a time? All but
one at a time? In what order shall he do his successive experiments?"
(p. 81)

Suppose the neurologist destroys five of the six cortical areas and
finds that pattern vision is absent. This experiment has proved exactly
nothing. The neurologist knows that one or more of the cortical areas
is essential fof pattern vision, but he knew that to begin with. Suppose,
on the other hand, the five cortical areas were extirpated and pattern

vision were unimpaired. If this were the case, the problem would be solved

e et b on B e A 5 S AT Bl S s R ) TR R e R ek, s 2 e i e WAL e




Anderson

in one fell swoop. The remaining area must be the one and only area
necessary for pattern vision (provided it is not true that one or another
of several areas can maintain adequate pattern vision; in other words
that pattern vision is absent only when each involved area is destroyed).
An alternative strategy is to extirpate one cortical area. If, as
a consequence, pattern vision is absent, the experiment has proved that
the involved cortical area is essential. If pattern vision is unimpaired,
then the area which was extirpated is irrelevant to pattern vision.
Unlike the strategy of destroying five areas at once, the strategy of
destroying just one guarantees that useful information will be obtained
regardless of the outcome of the experiment. On the other hand, it would

be impossible to solve the whole problem with just one experiment using

the latter strategy.

Bruner and his associates have made much of 'risk regulation" as a
function served by a problem solving strategy. In the process they have
underestimated the risk of loss of information involved in a "'gambling
strategy.”"” While the neurologist who destroyed five areas of the cortex
might be lucky enough to discover the one cortical area essential for pattern
vision, then again he might not be. So long as in reality exactly cne
cortical area was necessary for pattern vision, the strategy of extir-
pating some set of five areas at a time would be as efficient--no more,
no less--as extirpating one at a time. Suppose, however, that two
independent cortical areas have to be intact for pattern vision to
be present. If this were the case, the problem could never be solved by

destroying sets of five areas at a time. Pattern vision would always
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be absent and there would be no way to tell which.cortical areas were
involved. If only four areas were destroyed at a time the same problem
would arise should it happen that three of the cortical areas were
necessary for pattern vision. Even supposing that exactly two of the six
cortical areas were involved in pattern vision, it would be inefficient
to locate them by destroying four areas at a time. There are 15 different
combinations of six things taken two at a time. Nothing will be learned
from any of the experiments in which pattern vision is absent because
there will be no way to tell which cortical area is responsible. Thus it
could take as many as 15 experiments to find the single case in which four
areas have been destroyed but pattern vision remains intact. It would take
gix experiments at most %o discover the cortical areas that control pattern
vision using the stratcgy of extirpating one area at a time and, unlike
the strategy of destroying several areas at once, this strategy would
work successfully no matter how many areas were actually involved.

The notion developed in the preceding paragraphs is that the optimum
strategy for solving concept attainment problems is to vary or manipulate
each factor in succession while holding all other factors constant. This,

of course, is the classical strategy of experimental science. It has

been called the Method of Difference by John Stuart Mill, who was among
the first to analyze inductive methods rigorously. Stebbing (1888, p.
120) wrote the following about the Method of Difference in Analysis of

Mr. Mill's System of Logic:

"Canon-~If an instance in which the phenomenon in question
occurs and an instance in which it does not occur have every
other circumstance in common save one, that one occurring only
in the former,--that circumstance in which alone the two
instances differ, is the effect or the cause of a necessary
part of the cause, of the phenomenon.
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The principle is that of comparing an instance of the
occurrence of a phenomenon with a similar instance in which
it does not occur, to discover in what they differ.

Remarks :~--

1. This method is more particularly a method of artificial
experiment (its ordinary use being to compare the condition
of things before, with those after, an experiment),
because--

2. It is commonly employed to determine the effects of given
causes; and because--

‘ 3. The instances which it requires are rigid and definite--
they must be exactly alike, except that in one the
phenomenon must be present and in the other absent.

4. 1f this method is inapplicable, it is usually because
artificial experiment is impracticable.

5. It is the only method, of direct experience, by which
laws of causation can be proved.

6. If the instances fulfili exactly the requirements of the
Canon, this method is perfectly rigorous in its proof."
The method of varying each factor in succession while holding all
] other factors constant is the most efficient strategy there is for attaining
concepts. A concept can always be attained using this strategy in exactly ]

as many trials (experiments, observations) as there arc variables (factors, 1

stimulus dimensions) to be processed. Any other strategy will on the
average (assuming there are no predictable constraints on the nature of

the concept to be attained) require more trials than there are variables.

The superior efficiency of the Method of Difference follows from the well-
known theorem of information theory that the most efficient information
processing procedure is the one that reduces the set of possible concepts

by exactly half at each step. The strategy of studying each factor holding
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all other factors constant is the only strategy for attaining conjunctive
concepts that reduces the set of possible concepts by exactly half at
each experiment. Consider the pattern vision illustration. Each of six
cortical areas either is or is not relevant to pattern vision. Thus,
there are 26 combinations, or concepts, each representing the relevance
of one or more areas and the irrelevance of the rest.1 One area 1is
extirpated. If pattern vision is impaired the half of the combinations
which do not involve the extirpated area can be eliminated. On the other
hand, if pattern vision is intact, th-= half of the combinations which do
involve the extirpated area can be discounted. In either event, 25
combinations will remain possible. The next experiment involving the next

cortid;l area will reduce the number to 24, the next to 23

, and so on
until the problem is solved. As already explained a strategy that entails
simultaneous variation on more than one factor at a time will sometimes
reduce the possible concepts by more than half but that more frequently
less than half will be eliminated and that such a strategy is ou the
average less efficient than the strategy of varying only one factor at a
time.

Superficially, the complex designs science frequently employs may
seem to violate the maxim that simultaneous variation of several factors

is inefficient. Consider the factorial experiment ol social scientists

for instance. Here the counterbalancing makes it possible to contrast

1A.ctually there are 26-1 combinations, or concepts, since the case
i{n which none of the areas is relevant can be eliminated on the basis
of the givens of the problem.
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the levels of a single factor. The counterbalancing is the logical
equivalent of holding all other factors constant.

The purpose of this section has been to construct a rationale for
the intensive study of a kind of problem. The chief argument has been
that the concept attainment task is a representative of a large and
socially~-important class of problems. Other representatives of the class
include certain forms of scientific inquiry, medical diagnosis, and trouble
shooting. Another conclusion is that, despite the inference permitted
by previous investigators, there is an optimum strategy for the sclution

of concept attainment problems.

e e A e e

Limits of the analogy between the concept attainment
task and a larger class of problems

Much of the really critical genetic research during the last
century was completed with swecet peas, fruit flies, and bread mold. These
organisms were employed--instead of, say, oak trees and elephants, or

people--mainly because they are convenient to study. It was an article

of faith that the hereditary mechanisms underlying, for instance, the
presence of curly wings or straight wings in the fruit fly would shed
light on the genetics of living things in general.

The concept attainment task is intended as a Drogsophila more easy
to study than other representatives of the class of problems. Thus far the
attempt has been made to show that the essential logic of a concept

attainment problem and a problem in scientific inquiry, if not identical,

have much in common. However, there are differences.
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The first diffcrence is that the person working at a concept attain-
ment task begins with a well-defined system whereas defining the system
to be investigated is the first problem in problem solving more gemerally.
The "system" is the set of interacting variables. A system is 'well-defined"
for a person when he can enumerate the potentially relevant variables
(e.g. list the areas of the cortex that might control pattern vision),
name the values each variable may take on (e.g. answer the question "What
are the different colors these cards show?'); find or create the exemplifying
instances given the name of any concept (e.g. respond to the request "Find
the compound, pinate leaves."); name the concept given any complete set
of exemplifying instances (e.g. answer the question '"These cards (1RB,
1RD) show the secret; what is the secret?").

A second difference is that in the concept attainment task, at least
the form employed in the present research, the instances are physically
arrayed in front of the subject. In contrast, the scientist who is trying
to "attain the concept” of the necessary and sufficient conditions for the
occurrence of a phenomenon seldom has all the possible instances available
within his visual field from the start. He must create or search out the
instances. Let us be perfectly clear. An "instance" is the combination
of one value from each of the factors in the system. A card showing 2RD
is an instance in a system of cards with figures inscribed upon them that
vary with respect to form, color, and number. An organism with two speci-
fied areas of the cortex extirpated and four others intact is an instance
in a system involving the extirpation or nonextirpation of six cortical

areas. The pattern vision problem could be made just like the card array
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problem if, in advance of checking impairment of vision, each of 64
organisms were prepared with one of the 64 combinations of destruction and
nondestruction of the six areas of the cortex. These instances could then

be arrayed in front of the investigator. Or, the transformation could be

made the other way around. The card problem could be made like the pattern

»

vision problem if the person were given pencils with green and red lead
and templates for constructing a box or a diamond.

In the concept attainment task--unlike otherwise similar representa-
tives of the general class of problems--the instances are physically
arrayed in front of the problem solver. According to Piaget, this should
make a difference for children since they are said to be unable to
“conceive combinatorial possibilities.” Translating this into operational
lenguage, it refers to the behavior of producing or creating instances
which will meet the logical requirements for problem solution. Anderson
(1965) found that children who received training did very well on problems
in which the instances were physically arrayed in front of them but less
well on problems in which tie instances had to be created. It would be
interesting to find out if this occurred because of lack of skill in
producing instances or for some other reason. Oue of the experiments

reported later investigated this issue.

A frame of reference

It is popularly said that people "employ strategies" to solve problems.

Terms such as "strategy," '"plan," '"decision," and "hypothesis' are redolent

of volition, conscious ego control, and awareness. The customary language
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of those involved in problem solving research tends to make a perscn
visualize problem solving as a series of deliberate decisions of which

the problem solver is aware. It may be that behavior that is accompanied

by awareness and a sense of volitional control is different from or even
more adaptive than other behavior. The evidence seems to indicate, for
example, that people whose verbal behavior is modified by a social reinforcer
will later be able to describe the class of responses that was reinforced
(Spielberger and DeNike, 1966). Nonetheless, the causal role, if any,

that is played by "awareness" is obscure. If awareness means anything

useful it refers to implicit verbal and, perhaps, nonverbal behavior.

The person "says something to himself." This response has stimulus propertie
which could in part control subsequent behavior. '"Listening to one's self"
say something should be approximately equivalent to hearing someone else
say the same thing.

It hardly seems inevitable that implicit verbal and nonverbal
behavior is of overriding importance in problem solving. The controlling
variables may operate directly on publicly observable behavior without
mediating chains of implicit responses. This is a pcsition which, for
several reasons, investigators in the area of problem solving are dis-
inclined to believe. Onc reason is to be found in the prevailing language
of discourse,

It is often said that a subject "applies a rule."” Usually such arn

ascription is entirely metaphorical. If a rock is thrown into the air,

there is a one-to-one correspondence between a set of points in the air

thar mark the flight of the rock and the set of points on a graph that
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satisfy some equation. It would not be said that the rock was "applying'
the equation nor that there was a mechanism in the rock programed according
to the equation. The state of physics being what it is, these ascriptions
are not likely to be made. Such ascriptions are made by psychologists and
educators, especially when the subject of discussion is problem solving.
The difficulty lies in the confusion between the literal and metaphorical
senses of the phrase to 'apply a rule."

A person is "applying a rule" only when he completes a specific chain
of verbal responses. For instance a person faced with the problem below
could be said to "apply a multiplication algorithm' if he ran off the
following chain: "four times four is sixteen (writes 6)--carry one--four
times one is four, plus one is five (writes 5 to the left of 6)--four
times three is twelve (writes 12 to the left of 5)."

314
x4

1f no one ooserved a chain of responses such as this it still might be
imagined that the person applied this multiplication algorithm. However it
would be entirely possible that he applied some other algorithm (e.g.

"gour times 300 is 1200--four times 10 is 40, 1240--four times 4 is 16,
1256"). And it is possible, though perhaps not likely, that the stimulus
controlled the response directly, that the person got the answer without
applying an algorithm. Notice that the larger multiplier consists of the
first three digits of 7™ . Some people have learned the products of 7

and single-digit numbers much like they learned the multiplication tables.
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In other cases it is completely misleading to say that a person is
“applying a rule."” There is, for instance, no useful sense in which a
baseball outfielder who catches a flyball after a long run can be said to
be applying the laws of physics. If he were applying laws of physics he
would be substituting estimated values into equations in order to determine
the course he should take to intercept the ball. He does no such thing.
His behavior is under more direct stimulus control. It is permissible to
say that the outfielder behaves as though he were applying rules of physics.
However the person who allows himself to drop the "as thoug " runs the
risk of entering epistomological quicksand.

Those who study language seem fascinated by the paradox they have
created for themselves: children apply rules of grammar yet children
know no rules of grammar, indeed, really no one but linguists do. Herein
lies another example of confusion between the literal and metaphorical

senses of the phrase '"to apply a rule.”

A native speaker of a language
seldom applies rules of grammar when he utters well-formed sentences in
ordinary conversation. The same person may apply grammatical rules some of
the time when writing a manuscript, and he almost certainly does when he
later edits the manuscript.

To the present author's way of thinking, talk about “strategies,"
the “application of rules," and the "testing of hypotheses" is not objection-
able primarily because it is speculative or because it refers to purported

events which are unobservable. The big problem with constructs such as

strategy is that they beg the most interesting questions.
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Problem solving behavior can be understood in the following terms.
The more or less organized sequences or patterns of behavior, popularly
called strategies, that seem to comprise much problem-solving behavior at
a molar level of description, are hypothetically under stimulus control
of two kinds. First, especially on the part of the good problem solver,
behavior is under discriminative control of relevant task and problem cues,
those present at the beginning and, depending upon the kind of problem,

those cues that emerge during the course of work on the problem. Second,

problem-solving behavior is partly controlled by response-produced stimuli,
including, perhaps, intravertals or other forms of mediation. Reinforcers
of several kinds--for instance, we might suppose, what Polya (1954) calls

"signs of progress'--act to increase the likelihood of certain forms of

the behavior that is emitted éuring the problem-solving episode. If

there is an orderly relationship between the contingencies of reinforcement
operating during problem solving and the criteria for problem solution,
then the problem-solving episode is a sort of microscopic natural-selection
E process. Presumably, three processes--discriminative control of problem-

| solving behavior by task cues, control of behavior by response-produced
cues, and selection of forms of behavior by reinforcement--are sufficient
to account for the coordinated, purposeful character of some problem-
solving behavior that has seemed so salient to many students of problem

; solving.
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A functional-behaviorsl analysis of a problem-solving skill

A rough distinction will be made between a functional and a behavioral
analysis. A functional analysis deals with molar processes and skill
components. The emphasis in a functional analysis is on the task and on
the processes which must be assumed in order for the task to be accomplished.
The bshavioral analysis attempts to detail the specific chains of responses
and indicate the controlling variables at every step. The analysis will
begin at a functional level and progress to a behavioral one.

The person attempting to solve a concept attainment problem will
engage in two easily-distinguishable kinds of observable behavior. He
will select instances and he will name concepts. In other words he will
engage in instance-selection behavior and in concept-naming, or conclusion-
drawing, behavior. Optimum behavior will entail the selection of as many
instances as there are variables in the system and then the statement of
the concept. There are three variables--form, color, and number--in the
card array task. Thus, every card array problem can be solved after the
selection of three instances. A problem has been solved when the instances
selected imply the concept stated and no other. The question is what must
be assumed in order for a person to make an optimum solution to any concept
attainment problem. While a logical relationship defines the solution of
a problem, there is no need to assume that the successful problem solver

“"applies logic." Perhaps he could solve problems by applying logic, but
he need not. The distinction intended is the one developed in the preceding

gsection.
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Let us begin by analyzing conclusion-drawing behavior independently
from instance-selection behavior. Assume that a subject receives the
following four-card array instances in serial order. The + and - indicate
whether the instance "shows the secret” or not.

1GB+

1RB+

2GB-

16D+
These instances imply One and only One. What process has to be assumed in
order to explain how a person could draw this conclusion, and the correct
conclusion from any well-formed set of instances? Perhaps it is unfortunate
that there is not a single answer to this question. There is an embarrass-

ingly large variety of processes that could result in perfect conclusion-

drawing behavior.

Of historic interest is what may be called an "information-theoretic
model," reminiscent of Hovland (1952). The person makes a list of the
possible concepts. The 1ist consists of all the combinations that can be
formed trom the values of the initial positive instance. For the above
example, the list of possible concepts is as follows:

\ All the Cards
One
Green
Box
One Green
One Box
Green Box
One Green Box

As each new instance appears the person deletes half of the concepts
in the list. If the new instance is positive, the concepts containing

the feature which was varied are eliminated. If the new instance is
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negative, the concepts are deleted that do not name the feature of the
original positive instance which failed to appear in the new instance.
Remember we are talking about conclusion-drawing behavior under the assump-
tion that somehow an appropriate series of instancis is available; other-
wigse, without additional assumptions, the process that has just been
described would not always lead to a correct solution.

The information-theoretic model is beyond doubt a poor representation
of people's conclusion-drawing behavior on concept attainment problems.
To use the term of Bruner and his associates, the process involves too
much "cognitive strain.” It seems improbable that the neurologist
enumerates for himself the 64 possible combinations of areas of the cortex
which could control pattern vision.

Even if he used a paper and pencil to reduce "cognitive strain"
the neurologist is unlikely to go to the trouble to list the possible
concepts, because listing the concepts is probably not a component of
his problem-solving behavior. A second conclusion-drawing process may
more closely approximate the behavior of the neurologist. After each
new instance the person draws a partial conclusion. If the new instance
is positive, the conclusion is that the factor which was varied is
irreievant. If the new instance is negative, the conclusion is that the
feature of the original positive instance which failed to appear in the
new instance is a part of the concept. When the complete series of
instances has been processed, the partial conclugions are combined to

give the final conclusion. With the illustrative card array problem this

process would work as follows:
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Instances Conclusions
1GB+
1RB+ Color irrelevant
2GB~ One necessary
1GD+ Form irrelevant

—————> One
This will be called the Method of Difference because it most closely
resembles the procedure outlined and named by John Stuart Mill. 1In their
most self-conscious moments scientists probably can be said to be applying
the Method of Difference when they work on a concept attainment problem.

A third approach will be called the "common elements” method. The
coriclusion is drawn by naming the elements, or features, which the
positive instances have in coumon. Under this procedure the conclusion is
not drawn until a complete set of instances is available. With respect
to the illustrative set of card instances, all of the positive cards show
onec; there is no other common fecature. Thus the conclusion is One.

A fine grained analysis of the common elements method will be attempted
since a training procedure described later was based on this method.

The conclusion-drawing phase begins when there is a complete, "well-formed"
get of instances available. The discriminative stimulus (SD) marking this
state of affairs is a byproduct of the instance-selection process which
will be described later. In the first phase of the conclusion-drawing
process the problem solver scans the positive instances. One of the
discriminative stimuli (SDs) for the scanning response is whatever cue

has identifi>d an instance as positive. In the case of the card array
task, the SD consists of the words of the experimenter ('Yes, that shows

my secret."). Remember that the stimuli arrive serially in time, hence,
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the sD will not be temporally proximate to the response it presumably
controls, and therefore some form of memory for positive instances will be
required. The matter of memory will be treated when instance-selection
behavior is considered. The problem solver scans features of the instances.
It is assumed that the preproblem history of the problem solver has
established each feature as a reliable SD for a naming response. During
the problem he must get SDs for which features to name. These SDs come
from the check on whether features are common to all positive instances.
The assumption is that the problem solver does not simultaneously scan all
features, that he probably scans them in some serial order. The question
of what the order is will be considered when instance-selection behavior

is discussed. Since, by assumption, the final conclusion is not determined

at an instant but is instead built up in stages, memory is once again
implicated. Probably the problem solver verbally encodes the parts of the
conclusion at the moment the SDs for each of them is available. That is,
he says the partial conclusion to himself or outloud; the SD evokes the
implicit or explicit verbalization.

We turn now to an analysis of instance-selection behavior. Each
instance selected must have the property that it is identical to the focus
instance or other positive instances in every respect save one. The
entire set of instances should have the property that each of the stimulus
dimensions is varied once and only once. The basic process involved in

selecting instances is a compare-and-contrast operation.
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A discrimination is easier if there is immediately available a standard
for comparison. Herein lies the reason simultaneous discrimination is
generally easier than successive discrimination. The person can use the
positive instance singled out by the experimenter at the beginning of a
concept attainment problem as a standard of comparison. In the broader
context the standard of comparison is given by the "definition of the problem"
("with all six areas intact pattern vision is present, with all six
destroyed it is absent;” "at 60 mph the front end begins to shake"). The
technique is to compare each prospective instance with the standard.

Assume the task involves k stimulus dimensions. The prospective instance
is an appropriate one if it is the same as the standard in k-1 ways and

different in the final way. Bruner, Goodnow and Austin (1956) called this

procedure the "conservative focusing strategy.' This is the origin of the
term “focus instance" for the initial positive instance identified by the
experimenter.

In what order will the stimulus dimensions be varied (manipulated,
observed)? Logically speaking, order makes no difference. But a first
instance must be chosen, then a second, and so on until k instances have

been selected. Notice that, whatever the first choice, there is a new

constraint on the second and later choices. The problem solver must
avold varying a dimension already varied at a previous choice. With each
new choice there are fewer "logical degrees of freedom.'" The statements
here about logic refer not to logic which the problem solver is applying,

but to the logical relationship, from a third party point of view, between
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the stimulus situation and the problem solver's behavior. Some aspects

of the choice of behavior are "free'" in the sense that they need not be,

in fact could not be, determined by the SDs which embody logical constraints.
The "free'" aspects of choice are probably controlled by the discriminability
and "salience" of the features of the stimulus. There are data on the
galience of stimulus dimensions from the concept learning literature which
could be brought to bear to predict order of choice. Unfortunately a

clean prediction is not possible, since it is not clear whether the most

a
!
.‘

salient dimension will be the one the problem solver manipulates first or

the one he manipulates last. Which it is might depend in complicated ways

upon the conclusion-drawing process. !
Somehow or other as he chooses a series of instances tl.e problem
solver must keep track of the stimulus dimensions processed and remaining
to be processed. There are several ways this could be done. Each of
them involves some form of memory. One way is to verbally encode the
dimensions processed (or dimensions remaining to be processed, or both).

Before each choice, the problem solver recalls these dimensions. That is,

he gives himself an implicit or explicit autoclitic, a self~-tact of the
form "I have already tried color." If this is what is going on, the
completion of each instance selection cycle must provide the SD for the
"review tact."

Another precedure to keep track of progress through the problem is
to remember the instances themselves, or perhaps only the positive

instances, depending upon the type of conclusion-drawing process.
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As long as the instances are physically present this procedure need not
involve much verbal encoding, perhaps only the "marking" of each ingtance
in terms of its spatial position in the array. To find out where he has
been and where he should go, the problem solver scans the instances
(including the focus instance) already selected. If the same feature
appears in every instance a dimension is thereby identified which remains
to be processed. For instance assume that cards represented as follows
have been chosen:

1GB

1RB

2GB
These cards all contain boxes, so form is a dimension which remains to be

manipulated. The presence of a box in each previous instance provides

the SD for the selection next of an instance which does not contain boxes.

There is a somewhat more elegant procedure for keeping track of progress

through the problem which does involve verbal encoding. If what was
called the ﬁethod of Difference, or any other procedure which entails
partial conclusions after each instance, is employed, the problem solver
need only rehearse the partial conclusions (which he will probably need

to do anyway in order to avoid forgetting them) in order to remind himself
of the stimulus dimensions already processed. This integrated procedure
is more elegant in the same sense that a machine with fewer moving parts
is good. It is more economical of the problem solver's time and less

prone to failure from forgetting, interference, or faulty discrimination.
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Thus far several different kinds of conclusion-drawing behavior and
several different kinds of instance-selection behavior have been described.
The analysis is by no means exhaustive. There are many variations of the
procedures described. There are others which were not described and
undoubtedly still others which the author has not thought of. Anyone of
many processes could produce perfect solutions to any and all concept
attainment problems. That is to say, there are an indefinite number
of processes that could produce identical protocols of observable responses
(instance-selection responses,concept-naming responses) for any concept
attairment problem, and with the further restriction that each protocol
constitutes an optimumly efficient solution to the problem.

Ostensibly much of the research on problem solving has been concerned
with discovering the processes entialed when people solve one or another
kind of problem. The "process tracing" study is premised on the naive
assumption that people exhibit their processes when they solve a problem.
Exhibited are strings of responses. As the preceding analysis has demon-
strated, there are many processes which could produce even identical
strings of responses. It is not possible directly to see the process that
causes the string of observable responses to be run off as it is. This
remark is not made under the assumption that implicit responses occurring
within the organism are the really important events. Rather the process
is to be understood in terms of controlling variables, exterral as well as,

perhaps, hypothesized internal events.
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Intended here is more than the relatively superficial observation that
many things are possible and that, therefore, conceptualizations should be
mistrusted. Not only are different processes logically possible, but it
seems entirely probable that the process is different for different people
and, indeed, different for the same person on various occasions. Consider
a mundane parallel. People have various door-opening responses in their
repertoires: A person may exert force on the door with his hip, push the
bottom of the door with his foot, lift a latch with his left hand and
then pull, or turn a knob in a clockwise motion with his right hand and
then push, or step on a mat concealing a switch that activates a motor that
moves the door. While these responses may vary in strength, the details
of the stimulus situation are more important than response strength in

determining which behavior sequence will occur. Wwith respect to the concept

attainment problem, there is every reason to believe that many people--
especially professional problem solvers such as physicians, auto mechanics,
scientists, and TV repairmen-~have repertoires of alternative behavior
sequences. To reiterate once again, the differences among these sequences
can be very subtle, so subtle that a record of the easily-distinguishable
overt responses will not reveal the differences in the behavior nor in the
controlling variables.

The author concludes that there are weak grounds to justify the
process tracing approach predominant among those who engage in problem
solving research. This monograph represents a different approach.

Instead of attempting to discover the process by which people solve problems
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the approach is to teach more or less optimum problem solving behavior.
This approach is justified on at least two grounds. First it is cxercise in
social engineering of potential practical value, since the skill to be
arranged is of demonstrable importance. Second, it may in several ways

contribute to knowledge about complex processes in general.
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CHAPTER 2

Procedures for Presenting and Scoring Problems

In all of the research reported in this monograph problems were
administered individually by specially trained experimenters (Es).

The nine Es who participated in one or more experiments were research
assistants who ranged in age from 22 to 45. Five Es were graduate
students in educational psychology, two were housewives, one was a
summer undergraduate NSF fellow, and one was a third-year law student
supplementing his income with part-time work. There were seven women
and two men. All the Es were college graduates. Only one had had
extensive experience with children prior to participating in this
research.

Each E received 15 or more hours of experience training and pre-
senting problems to children before participating in an experiment, The
author monitored one or two hours of each E's preexperimental perfo¥mtuce.

Problems (and/or training) were presented in such reasonably private
and distraction-free spaces as the cooperating schools were able to
provide. These included nurses' offices, storage closets, corridors, a
kitchen, an auditorium stage, widely separated stations in cafeteria and
gymnasia, and in one instance a janitor's closet.

The research entailed three sets of materials. The card array was
degcribed in detail in Chapter I. The other two sets of materials were
the cowboy game and the pencil collection. While the three sets of

materials involved different stimulus dimensions and different “story
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lines" were employed with them, an identical problem solving task could
be created with each set of materials. It is the task detailed with
respect to the card array in Chapter I.

The cowboy game consisted of eight plastic cowboys and accessories
imbedded in an orderly arrangement in a 12 X 13 in. plaster of Paris
base. The game was placed on a table such that the cowboys faced the
child. The cowboys were either standing or riding horses, either wearing
a hat or barcheaded, and either carrying a gun (rifle) or not. These

characteristics were coded as follows:

Characteristic Code
Riding R
Starding S
Gun G
No gun N
Hat H
Bareheaded B

An instance can be desccibed by listing the appropriate codes. For
instance RNB refers to a cowbny riding a horse who has neither a gun
nor a hat. A schematic representation of the cowboy game appears in
Fig. 2.1.

A story line was employed with the cowboys. The E said:

In this game you've got to figure out which kind of cowboy
is a friend of the sheriff. I will point to ome cowboy who is
a friend of the sheriff. You point to other cowboys. Each
time you point to a cowboy, I will tell you whether he is a
friend of the sheriff. As soon as you are sure you know,
tell me which kind of cowboy is a friend of the gsheriff.
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RGH RNH SGH SNH

RGB RNB SGB SNB

Child

Fig. 2.1. Schematic representation of the cowboy game.
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The final set of materials consisted of eight, hexonanal No. 2
pencils. The pencils displayed three attributes: 1length (6 or 2 in.),
presence or absence of eraser, and sharpened or unsharpened. These

features were coded as follows:

Characteristic Code
Long L
Short S
Sharpened (point) P
Unsharpened U
Eraser E
No eraser N

An instance can be described with these codes. For example SUE
stands for a short, unsharpened penci. with an eraser. The pencils were

placed in a disorderly fashion on a table in front of the child. Atter

each problem, E shuffled the pencils. In all but one experiment to be
described in later chapters, the child was allowed to handle the pencils
during the course of a problem, for instance, to sort them into groups.

At the beginning of every experimental session in which problems

were presented, the child first solved a series of simpler problems
designed to provide warmup, to furnish a high initial frequency of
reinforcement, and to make sure that the concepts the child would
subsequently have to attain were in his repertoire. In this orientation

exercise, the E named concepts while the child pointed to all of the

positive instances of the concept. For instance, if E were to say,
"The secret is long pencils with no erasers,” the child would be expected

to point to LUN and LPN. The concepts treated in this manner always
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included the ones which would have to be attained in order to solve
problems later in the session as well as fillers. If the child made an
error, either of omission or commirsion, he was prompted to make the
correct response and, in addition, any item upon which an error occurred
was repeated after an interval until the child made an unprompted

correct response.

Administration of the problem

The E's task was to provide the orientation exercise described
above, to read the instructions (or quote them verbatim without reading),
to indicate the focus instance, to give the child feedback as to whether
each instance selected was positive or negative, to respond with a
standardized remark to cne or another contingency which might arise
during the coursc of the problem, to write a protocol of the problem, and
to determine when the problem should be terminated and either the next
problem begun or the session terminated.

1f the child stopped trying to solve the problem, the E attempted
to keep him going with one of a series of '"motivational prompts."
Specifically, if the child made no task-relevant responses for a period
of 10-15 sec., the E said "What are you going to do now?" If 10-15
sec. more elapsed in which there were still no task-relevant responses,
the E ten said "See if you can figure out my secret by picking more
(caxds, pencils, cowtoys)." When this failed to work, the E exhorted

the child to contirue usiny whatever language he believed appropriate.
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1f the child stated an incorrect conclusion with which he was apparently
satisfied, the E attempted to elicit further progress with a "challenge
prompt." The first challenge prompt was, “"Are you sure that's my
gecret?" If the child insisted that he was sure or did nothing for
10-15 sec., the E then said, "Maybe that's not my secret.'" Finally,

if the child still persisted, the E usually said, "Maybe the secret
could be something else. Try to find out for sure what the secret is by
picking more...(cards, pencils, cowboys)." Other wordings were provided
for special contingencies. When the child accumulated enough informa-
tion logically to solve the problem but did not volunteer a conclusion,
the E said "As soon as you are sure you know, tell me the secret." When

the child seemed to be trying to communicate the concept by pointing out

the set of positive instances, the E said "Try to say the secret in words

instead of pointing." The language of all the prompts and the con-

tingencies for their use were prescribed. The Es were permitted no
unstandardized remarks. A summary of the allowable experimenter state-
ments appears in Fig. 2.2.

There was a three-fold stopping rule. The problem was terminated
(1) if the child solved the problem, that is, if he selected a set of
instances and stated a concept such that the instances implied the
concept and no other; (2) if the child refused to continue despite
; allowable experimenter prompts; or (3) if the child selected six
{nstances without solving the problem. If the child selected six

instances without solving the problem but had enough information to
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Category Code Statcnznta

Motivational prompts

Slight motivational prompt Ml "What are you going to do now?"
Moderate motivational prompt M2 "See if you can figure out

my secret."
Strong motivational prompt M3 Encourage the child to continue

in your own words.

Challenge prompts

Slight challenge prompt Pl "Are you sure that's my secret?"
Moderate challenge prompt P2 "Maybe that's not my secret."
Strong challenge prompt P3 "That's not my secret. Try to
figure out my secret by..."
or

'"Maybe the secret could be
something else. Try to find
out for sure what the secret
is by..."

or
"That's not the secret. We |
don't have secrets like that {
in this game. 1It's one of the
secrets we had in the first ,
game. Try to figure out the j
secret by..."

e

Eliciting prompts

Slight eliciting prompt E1 “"As soon as you are sure you
know, tell me the secret."
Strong eliciting prompt E2 "I can't let you pick any more

... Can you tell me the
secret now?"

Special categories

Refuses to continue Refuses
to
continue
Put in words PW "Try to say the secret in

words instead of pointing."

: 21n the case of cowboy problems, the statements should read "the
i kind of cowboy who is a friend of the sheriff" in place of "my secret."

; Fig. 2.2. Allowable experimenter statements.
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do so, the E said "I can't let you pick any more...(cards, pencils,
cowboys). Can you tell me the secret now?" The Es were instructed to
continue the problem when they were not sure whether a child had solved
a problem, since, should it happen that the child had solved the problem,
the extraneous portion of the record could be eliminated.

The E wrote a protocol for each problem, indicating the concept
and focus instance and recording in coded form the instances the child
selected, the statements the child made, and the statements E made in
the sequence in which these events occurred. Figs. 2.3A and 2.3B contain
sample protocols. The numbered entries represent instances the child
selected. The + or - indicates whether the instance ''showed the secret"
or not. Entries preceded by a V (for verbalization) represent the
child’s concept naming behavior. All other entries represent the behavior
of E as per Fig. 2.2.

The dots under the focus instance code are a form of bookkeeping
to help E keep track of what the child has proved or failed to prove so
that E will know when the problem can be terminated and when eliciting
prompts should be given. Nonetheless, there is a minor experimenter
error eviden:ed by the protocol in Fig. 2.3B. The slight eliciting
prompt (E1) should have been given after the third instance rather than
the fourth. No doubt the E was fooled by the third instance which,
through logically a poor choice, happened in this case to eliminate both
presence or absence of an eraser and presence or absence of a sharp

point from consideration.
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¥Fi{g. 2.3A. Sample problem solving protocol irvolving
the pencil collection.
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Fig. 2.38. Sample problem solving protocol involving
the pencil collection.
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Immediately following a day's administration of problems, the Es
exchanged protocols to check them for legibility, completeness, accuracy

of subject and problem identification, and accuracy of coding.

Scoring the problem

The instances selected by a child can be classifiad into four
mutually exclusive and exhaustive categories. They may be inefficient,
redundant, repetitious, or properly chesen. An inefficient choice is
so called because on the average it yields less than thL> maximum
attainable amount of information. Operationally, an inefficient choice
is an instance which differs along more than one stimulus dimension
from the focus instance or other positive instance. A choice is
redundant if the outcome, whether the instance is positive or negative,
is implied by previous instances. Redundant choices yield no new
information. For example, consider the following instances:

16D+

2GD+

1GB+
At this point 2GB would be a redundant choice since it must be +.
Another { . of redundancy can be seen in the following example:

1RD+

1GD+

1GB-
A choice of either 2GB, 1RB, or 2RE would be redundant because previous

instances prove that an instance will be - unless it contains D. In

short, a choice is redundant (1) if the instamnce contains an as yet
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untried combination of variables known to be irrelevant and the
instance is otherwise the same as a previous positive instance or (2)
if the instance does not include all of the features previously shown
to be relevant.

A repetitious choice exactly duplicates a previous instance.

Some redundant choices are also inefficient (e.g. 2GB and 2RB in
the example above). The distinction between the two categories is
maintained by the arbitrary convention that an instance is categorized
as inefficient only if it is not redundant.

The analysis of concept naming or conclusion stating behavior
depends upon the analysis of instance selection behavior. A statement of
the concept is either valid, consistent, inconsistent, or ''miscellaneous.
These categories are exhaustive of the unambiguous concept-naming
behavior of subjects. Only unqualified declarative statements about the
relevance or irrelevance of variables or unqualified conclusions about
the concept are categorized. Any nonconjunctive statement is categorized
as miscellaneous. Otherwise, statements are categorized, as the category
names suggest,gaccording to whether they are consistent or inconsistent
with the instances that have been chosen up to that point. Consistent
statements are an inappropriate form of verbal behavior since, when

a statement is scored as consistent, there always remains at least

one other possible concept.

When a subject makes a valid statement, he has by definition solved
the problem; he has stated the one and only correct concept and he

has selected a set of instances that proves that it is the correct

concept.
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Anderson

Sequence is the essence of this system of content analysis. A
choice which is inefficient at one point might be proper at another and
redundant or repetitious later. Similarly a statement that is consistent
at one point in time might be inconsistent later while a statement
which is valid might only have been consistent at an earlier point.

The content analysis procedure that has been outlined is entirely
objective; there is no need for subjective "judgement" to classify
behavior appropriately. Indeed, a computer program was developed to
score protocols.

Various indices of the adequacy of problem solving performance
based on the content analysis are possible. The following overall
summary index has proved useful: Performance is summarized on a three

point scale. a) The § solves the problem and neither makes any

inefficient, redundant, or repetitious choices of instances nor states

any inconsistent, consistent or miscellaneous conclusions (2 points).
b) The S solves the problem but makes one or more inappropriate choice
or states one or more inappropriate conclusion (1 point). ¢) The S
fails to solve the problem (0 points). Other performance measures
were also employed and these will be described as the occasion demands.
There are several advantages to computer processing. In previous

research (Anderson, 1964, 1965) protocols were scored by human raters.

This is a rather difficult task. People make mistakes. While inter-
rater reliability coefticients have been quite high, around .90

(Anderson, 1965, p. 81), this means there is only 80 percent “true

scor." variance. Computer processing should reduce noise from this
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source to zero. Second, a number of hours of training is required

before a person can score proficiently. Third, the scoring of the

protocols is a laborious, time consuming task. After warmup, a proficient
rater can score a problem in 5 min. The card-input IBM 1620 computer

with disk file upon which the content analysis was completed scored a
protocol in atout 3 sec. The research reported herein involved over 2,500
protocols, counting neither protocols collected in the course of the
development of training procedures nor the training of Es. Thus, a
considerable saving in time was realized. (At least, the compuvter
programer's time was returned with a dividend.) Fourth, computer processing
obviated the necessity for two manual transformations of the data and
manual adding of category totals, both operations in which errors coﬁld

be introduced. The human rater makes a score sheet for each protocol.

Then he makes a summary ledger sheet. If the analysis is large or

complex, cards are punched from the ledger sheets. If computer processing
is employed, the keypuncher works directly from the protocol. Note

that the keypuncher need not make any substantive decisions. Finally,

it was possible using the computer to detect and eliminate errors
introduced by the E or the keypuncher.

An elaborate series of checks was included within the content
analysis program. The accuracy of the concept and focus instance codes
was externally verified. From this point on, the computer served as
its own proofreader. Each line of the protocol was checked against

the concept. When an impossible case was detected the computer printed
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subject and problem identification and then a message of the form

"frial X (meaning instance) was miscoded by the experimen:er or the
keypuncher." These cases were manually checked, the error was corrected,
and then they were regubmitted to the computer. The computer also
checked to see whether the stopping rules were cbserved. The computer
classified cases in which the stopping rules were violated in an
“illegal termination" category. These cases were manually checked,

ccrrected, and resubmitted. Finally, all of the problems in which the

"right answer" was stated but the problem was not solved were manually

checked.
One experiment, to be described in detail later, involved 848
protocols. On the first pass through the machine, the computer rejected

21 protocols, or about 2.5% of the total. A keypunch error had been

made in 11 cases. In the remaining 10 cases the fault was in the
protocol; in other words, there was an experimenter error. These
protocols were examined and a decision was made as to what the codes
should have been. The smallest change was made in the protocol which
would make it internally consistent. Herein lies the only aspect of
the analysis in which subjective judgement was required. Otherwise

the analysis was as objective as, say, the scoring of a multiple choice
test.

The computer program is printed in Appendix I.
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CHAPTER 3

Individual Differences and Problem Solvingl

This chapter will approach problem-solving from the perspective of

the psychologist, especially the applied psychologist, interested in
learning or training. The question to be answered is whait is there in
the literature on individual differences, substantive or methodological,
of worth to the person concerned with developing training procedures that
facilitate problem-solving performance. Much of the research on prcblem-
solving has been concerned with individual differences, including, for
example, such factors as rigidity, availability of function, kind of
strategy employed, and cognitive style. Despite some provocative ideas
and data, there are grounds for arguing, as others have argued before
(e.g., Duncan, 1959; Schulz, 1960) that as a group “'procesg-tracing"
studies of individual differences within the context of problem-solving
have not led to a substantial corpus of knowledge. Partly for this reason,
the emphasis will be upon individual differences in problem-solving in
terms of dimensions established in factor analyses of aptitude tests.

In what follows, there will be, first, a brief sketch of a theoretical
orientation toward problem-solving and aptitudes and then, second, a consider-

ation of several ways in which the rescarch on aptitude factors may bear upon
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investigations of the learning of complex skills, such as problen-solving
skills. No consideration will be given to such customary topics as increasing
the precision of experiments by statistically controlling individual
differences, or selecting persons iikely to succeed if presented with
training. Instead, there will be an attempt to see whether research inveolving
aptitude factors could have value for the development and inprovenent of

training procedures,

Treoretical Orientation

The author believes that an S-R orientation offers the most fruitful
approach to problen-solving., The view outlined in the following passage has
much in common with ths conceptions of others with a sinilar orientation such
as Cofer (1957), Kendler and Kendler (1962), Maltzman (1955, 1960), and
Skinner (1957). First of all, problem-solving behavior 1is not fundamentally
different from other varieties of behavior, In D:ncan's (1959, p, 435)
words, "Problem-solving in human adults is a name for a diverse class of
performances which difters, if it diffors at all, only in degree from other
classes of learning and performance.,.” The belief is that problem-?tolving
behavior, like other kinds of complex behavior, can be conceived most profitably
in terms of colligations of elemental stimulus-response relationships,

The more or less organized sequences or patterns of behavior, popularly
called "strategies", that seem to comprise much problem-solving behavior,
at a molar level of description, are hypothetically under stimulus control

of two kinds, First, especially on tne part of the good problem-solver,
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behavior is under discriminative control of relevant task and problem ciues,
those present at the beginning and, depending upon the kind of problem,
those cues that emerge during the course of work on the problem, Second,
problem-solving behavior is partly controlled by response-produced stimuli,
including, perhaps, intraverbals or other forms of mediation, Reinforcers
of several kinds -- for instance, we might suppose, what Polya (1964) calls
“signs of progress' -- act to increase the likelihood of certain forms of
the behavior that is emitted during the problem-solving episode, If it
happens that there is an orderly relationship between the contingencies :
of reinforcement uperating during problem-solving and the criteria for

problem solution, then the problem-solving episode is & sort of microscopic

natural selection process, Presumably, the three processes that have been

1isted -- discriminative control of problem-solving behavior by task cues,

control of behavior by response-produced cues, and selection of forms of
behavior by reinforcement -- are sufficient to account for the coordinated,
purposeful character of scme problem-solving behavior that has seemed so
salient to many students of problem-solving,

Scores on "intelligence" tests cau also be given an S-R interpretation;
5 however, it is different from the prevailing one, The concept of trait is
one of the key prevailing ideas underlying the psychology of individual
differences, Certain tests are said to measure special types of traits

3 called aptitudes or abilities, But it is not necessary to infer 2 trait

behind a distribution of scores on a test, Nor is one required to believe

- s




that the results of factor analytic investigatious represent "vectors of

the mind”. Aptitude factors can be regarded as representing independent
classes of similar or related behavior, Parenthetically, it should be
recognized that trait psychology plays a large part in the "figurative

model” (Tatsuoka, 1965) that underlies the mathematics of test theory and the
theory of factor analysis., It would be an interesting and maybe valuable
exercise to see what sort of individual differences model could be castructed

on behaviorist assumptions.

Ag@ituﬂe Factors and Task Analzsis

Tasks can be described in terms of loadings on reference factors (or
correlations with either factor scores or univocal reference tests), The
pattern of loadings indicates the kinds of skills that are important for
success on the task and indicates their relative importance, Possibly
descriptions in these terms could be useful to the training psychologist
undertaking a task analysis. Such an approach has often been advocated by
factor analysts, though, to the author's knowledge, few if any psychologists
concerned with training have tried seriously to use the procedure for this
purpose,

Ope of the leading advocates of task analysis by factor analysis, J, P,
Guilford, and his associates have completed an investigation in the area of
problem-solving that illustrates the method (Merrifield, Guilford, Christensen,

and Frick, 1962)., Three problen-solving tests were inventad, These were

included in a battery composed of reference tests for established factors
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and new tests to measure hypothetical factors, The results were these:
No separate problem-solving factor appeared, BEach of the problem-solving
tests showed a sensible pattern of loadings on established factors. Finally,
almost all of the true variance of the problem-solving tests was accounted
.tor. The study supported the notion that complex problem-solving behavior
is not wholly different from simpler behavior, but rather can be analysed
in terms of more elemental patterns of behavior (though, in this case,
behavior that is still rather complex),

A second study from Guilford's laboratory (Frick & Guilford, 1957)
will be described, since it involves the water-jar problem, a traditiomal
favorite, A group version of the water-jar test was included in a battary
of tests that were intercorrelated snd factor analysed., The water-jar tast
is supposed to measure rigidity-flexibility, As a matter of fact, the test,
at least the version employed by Frick and Guilford, showed a loading of ,42
on the factor General Reasoning, s lcading of .45 on the factor Logical
Evaluation, but a loading of only .18 on tle factor Adaptive Flexibility,
This is striking data, Apparently, less than 4% of the variance of the
water-jar test is a function of rigidity-flexibility, A person who developed
& training procedure to facilitate performance on the water-jar test by
somehow increasing flexibility or eliciting flexible behavior might well cone
to grief, simply because flexibility is not very important for the solution
of the water-jar problen,

Considering the results with the water-jar probiem, one cannot help

wondering whether performance on other popular problems, such as the hatrack




e T A TR R TR A R R s T AR Kt el ANt S ks WW
Y T A 2

49

problem or the two-string problem, involves the behaviors each is commonly
believed to involve. The two-string problem, in particular, has been used

in a number of training studies, studies notable chiefly for being inconsistent
with one another (see Maltzman, Belloni, & Fishbein, 1964, p. 6). One of the\
difficulties is that the probl:m is psychometrically inadequate (Ray, 1955;
Duncan, 1959; Anderson & Anderson, 1963). Could it also be the case that

the behavior the training p:ocedures have been designed to arrange or evoke
plays a relatively unimportant role in the solution of the two-string

problem? Perhaps such a state of affairs would be revealed by an analysis

of the two-string problem like the analysis Frick and Guilford made of the

water-jar problem.

Conry (1965) and Walsh (1963) have studied the relationship between

aptitude measures and performance on the type of problem-solving task in

wvhich the subject selects instances until he can name correctly a concept.
Both investigations employed the technique of canonical correlation. The
present author feels that this technique is inappropriate whea the goal is

to undetstand the criterion task in terms of stable, meaningful dimensions.

Nor does the method of including the task to be explained in a factor analysis
with the reference tests for established factors seem entirely satisfactory
since then there is a confounding of explanans and explanandum. In any
event, the Conry (1965) data and the Walsh (1963) data were re-analysed in
this way: First, the correlations among the aptitude reference tests were

factored. Then, loadings were obtained for the measures of problem-solving

performance by extension.




Table 3.1 contains the re-analysis of Conry's data, which was obtained
from 94 females enrolled in a psychology course, The first factor, General
Reasoning, is the only one that showe really promising relatiouships with
the problem-solving measures, On the whole, the aptitude factors explain
disappointingly little of the variance of the problem-solving measures, .
perhaps for one reason, because the reliabilities of the latter measures
were low, Conry was not able to obtain estimates of the reliability of
these measures, but some indication can be gleaned from the correlations

? botween the two problems that were employed., The between-problems correla-
tions were .23 and .41 for time to criterion and cards to criteriom,
respectively, Evidently, the reliability of any of these measures alone is
rather low,

The re-analysis of Walsh's (1963) daia appears in Tablo 3.2, ler study
was conducted with 53 third graders from a suburban community, Thes problen-
solving measure is a compesite that gives equel weight to success or failure
on & problen and an estimate of efficiency involving the instances the child
selected, Valsh experienced some difficulty with her battery of aptitude

tests, Many of the subtests of the California Test of Mental Maturity

failed to discriminate well, As a result, these subtests distributed over
several weak, hard-to-interpret factors, On the other hand, most of the
subtests from the Solving Puzzles Test discriminatec very well indeed,
maybe yart of the reason why these tended to load highly together on the

first factor, The one thing the Walsh data does suggest is that Originality
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may be a factor ia the performance of children on the kind of puracty
which the aubject sslects instances until he can name a concept,

Having now raviowed some of the data bearing upon iho actir striucture vﬂ'
of problem-solving tzsks, let us take a closer look al the question of thw
value, to the psychologist interested in developing a training procedure,
of a desc.iptinn of a task in terms of loadings on refereace factors, Of
? course, one could not gst very far bty merely ponuering the names of the
| factors with which a task is saturated, An intimate acquaintance with the
gkills iavolved in porformance on the tests that define a factor is surely
a pre-requisite for making much sense of a task in terms of fuctor loadings,
. Still, even with this proviso, the result of such analysis is likely to be a
rocipe of the form, for imstance, two parts Verbal Comprehension, ome part
’General Reasoning, a dash of Ideational Fluency, and a pinch of Semantic
Sportanecus Flexibility,

Description in terns of factor loadings ceems ta‘provide & sort of

taxononic task analysis, But it does not tell how to put the ingredients

in the recipe together in order to get a desired, complex skill. The

training psychologist needs a functiocnal task analysis that deals with

intratask relationships among @gmponent s8kills and the order in which
componient skills are to be performed,
Thus far the presumption has been that an adequate factor analytic

investigation can at least give, at its own peculiar level of discourse,

a complete list of the essential component skills, sc to speak, the

necessary “ingredieuts” of a complex skill, However, the fact that a task
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loads on several factors may very well aean that the criterion task involves

alternative component skilils rather then that cack of the skills repressited

by the several factors is important, Referring to the factor descriptiou

of the water-jar problem, it may be with respect to any single individual

that the skill involved in performance on the probleom is General Reascuing

¢ Losical Bvaluation or Adaptive Flexibility. The factor recipe doee nct
A‘ seen to tell the cook which ingredients are essenticl and whi-h can o»
substituted for cne another.,

A description of a task in terms of facior loadings can tell what
cheracteristics ditferentiate the performarce of individuals on the task,
But tke factors that differentiate individucls are nst necessarily in one~
4 | to-one correspondence with the factors that are relevant to performance on

a task, <The relevant behaviors that all of ths members of a sample manifest

or nanifest in a sufficient degree cannot be revealed by corralational
methods. By the soue iine of argument, the relative importance of various
canponents of # complex task is not necossarily to be found in the magnitude
of the loadings of the task on reference factors,

Finally, there is the problem of naturalistic bias in analysing taéks
in terms of factor loadings. Such a procedure indicates which skills
ditferentiate the pertormance of persons who, usually, have no special
preparation for the task at hand and who work at the task for a short
period of time, It seems reasonable to suppose that especially qualified
persons ~- mathematicians, cperations researvchers, psychologists employing

functional~behavioral methods of analysis,‘dependiné'upOn the kind of
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problem -~ with ample time for study can develop approuaches to the solution

of classes of problems that are not inferior to thoue inferred from the
behavior enitted by students from Psychology 100 when briefliy conironted
with the tésk@ Perhaps it is ic'e teo inquive -~ with either amultivariate
investigations or withk process~traciag studies -~ whether or to what degree
the components of “ideal strategles” are exhibited in the behavior of
solloge sophaores or Air Porce recruits, When a conception of an "ideal
gtrategy” 1s available it oiten cheuld be possible to develop tralning
procaciures that oy stematically arrange the roquired skills, If and when a
high level of proficiincy can bs produced, the task will no longer be called

8 provieam end 1t mmy even b2 saild that the task does not require "real

thinking” ¢r timt it can be performed by "rote", But, then, what is the

point of this game anyway?

The couclusicn is that under some circumstances description of a
Gomplex tasi in verms of loadings on reference factors might have some value
ae an adjunci to task analysis, However, from the perspective of the
psychologist concernéd with training, it is inconcelvable that factor

asscriptions could bear the principal burden of task analysis,

Aptitude Factors and the Effects of Training

This section willi examine irvestigations of the relationships of factor
structure &aud training, This was a popular topic in the 1930's. In recent
years therv are Fleishman's (e.g., Fleishman & Hempel, 1954; Fleishman, 1957)

studies of the chanes with practice in the factor structure of complex




psychomotor tasks, Stake (1961) has compleced *%.. most substantial, recont
investigation examinaug conceptual learning, an invast;gatiou involviag
training on 12 tasks and an oxtensive battery of reference tes's,

Though each has employed factor unalysis, there have been disiinmct

differences in methﬁdélogy among these studies, partly as & futiction of the

particular issue that interested the investigator, In t~rms of the interests

of this paper, Fleishman's method is among the most .euristic, He broke
per#ormance up into intervals and as a result was able to study the changing
ehéractéristics of performance iaterval by interval «s training progressed.
Fleishman's work indicates that there are systematic "changes in the patterns
of abilities contributing to prdficiency on complex fééks as training continues
and proficiency ircreases" (1957, p. 271)., in other words, qualitatively
differsnt skills, not merely different degrees of the same skill, secmed to
be involved as proficiency on 2 task increases, There is a task*épéeitic
factor, the importance of which usually increases as training continues, At
the same time the amaunt of variance explaiﬁed by reference tests wsually
shows a regular decline as training progresses, It is not known whether this
latter fact is inevitable or whether it merely reflects the current state of
the art of testing and the psychology of individual differences, Of special
interest is Fleishman's finding that tests of "higher processes" are
important mainly in the early stages of performance, These diminish in
importance as training advances,

Though there may be some, to the author's knowledge, none of the studies

of the elfects of training and factor structure in the so-called "cognitive




domain® have empluyed exactly the same mothodology as Fleishman, There have
been some interesting investigaticns though, A study of Wucdrow's €1938)
is especially provocative, Subjects practiced about ten ainutes a day on |
each of seven tasks for 39 days, Three scores ware obtained for each itask,
initial nerformance, final performance, and gain, that is the ulifevente
between initial sad final performence, The intercorreintions of these
scores, scores on two inteliigence tests, and scores on severali tests giv«m
just once were factored using the centroid method, The discussion tmt
follows has reference to the varimax {iaisvr, 1958) rotaticn of Woodrow's
centroid matrix which appears in Teble J.05. |

Therr is an extremely ianteresting generalization that ewerges fron
Woodrow!s data: Terminal performance was related to both initial porformaace -
thet s, entering behavior -- and gain or improvement, Huwever, zud this
is ths fascinating point, initial performance and gain were remarkably
iresendsnt of one another on all but ome of these tasks (spot patterns),
Neiice that terminal performance for any task tends to load on two Jactors ’
one of which is saturated with initial performance and the ctiher of which
exhibits a high loading on gain or improvement with practice, Fimal
performance showed a more proacunced relationship with initinl performancs in
some cases but with gain in others, On the one task that could be said to
involve problem-solving, the anagrams task, final performance was much moyre
highly related to initial performance than to gain, Speaking generally,

one would suppose terminal performance on many tasks employed in isboratory




Varimax Rotaticn of Woodrow's (1938) Centrold Matrix

Table 3.3

I

I1:

Iv

v

VIII IX

Horizontal addiug

Bubstitution

Hultiple cancellation
Rzlative perceut length
a Sﬁaéd, gates

Anagrans

Arcvificial language

(4, before practice)
Artiticial language

(B, aftcyr practice)
Form analiogies, A
Form analczies, B
Verbal anzlicgies, A
Verbul analogies, B
Thorndike CAVD

Average 6 Otis Foim A and

6 Otis Form B
Categoriss
Caucellation, 3-digit
&rithmatical problems
Speed, making crosses

Initial
Final
Gain

Initial
Final
Gain

Initial
Final
Gain

Initial
Final
Gain

Initial
Final
Gai

Initinl
Final
Gain
Yuitial

Final
Gain

~02

06
-06
-086

a7
20
-13

o7
18
33

14
09
06

31
30
~04

26
23
-02

76

7C
73
63
£6
83
69

90
9
1z
a8

10

32
22
03

75
53
G5

35
19
05

72
48
07

27
17
~-05

53
69
05

07
08
01

09
10
09

16
18
07

49
68

05
-04
04

48
24
-21

-12
05
22

07
08
05

~-03

11

-0%
-09
05

00
~13
49

~-01

42
30
11

-08
“’06
-7

14
04
=03

05
-12

17
03
=10

13
-11
-28

90
72
-05

12

12
13
-10
16
09
36

13
-09
07
24
06

06
12

08

- 23

~12
-12
-03

71
87

~02
ou
=08

~08
06
~-07

-04
-02
-01

06

u9
06
-04
=10

18
14
56

00

5
16
08

12

~15

all

[} 04

-Of
g
06

09
05
03

05 -
27
~08

18
85
54

-G
15
-04

~01
-03
~00
-01

-17
17

-03
-04

- 04

-24
~12
~11
14

Note: -- Becimai points heve been caitted,




studiss of learning would have a relatively slight reletion to initial
performance, indeed, such tasks are frecuently selacted preciscly because
they de-empi:asize the role of entering behavior. On the other hand, it is
to be expected tihat initial performence will exhibit a hefty association
with fiual pertormance on many tasks thut confron. children in school; for
culturally rclevant tasks, a brist peciod of training weighs smali in
preportlon o a loug aistory of learning,

Kotice that on Woodrow'!s tirst factor (see Table 3), which can be
called g, there im a tendency for final performance on most of the tasks to
have a smaller loading than initial performance, Though the diffﬁcénces are
not impressive, the trend in these loadings is consistent with the view that
the skills represented in intelligence tests are less important at the end

of training than at the beginning, a result not uniike Fleishman‘s,

The main conclusion that can be gleaned from the investigations of the

relationships between factor structure aad training is that aptitude tests
are vaery truly measures of entering behavior., As Woodrow (see 1946)

repeatedly argued and rather dramatically demonstrated, these tests do not
measure "ability to learne"z in the case of complex behavior and complex

training procedures -- let ue say, an auto-instructional program to teach

zStaké {1961) who has identified ability te lsarn with siged Of
learning rather than amount of imnrsvement, found some weak speed of learning
factors, It is not inconceivaple that additional research with existing
tests, or research with uew tests might reveal some asgociations with
learning (either srzed or amount of improvement) but, still, the conclusion
that for the most part aptitude tests measure entering behavior seems sound,
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a school subject -- it is probably true that relevant s Dreviously lesrasd
héhaviar Yenters" at various points during iostraction, not just at the
beginniag. |

Gagne’ (Gagne’, 1962; Gague”sac Paradise, 1961) has also identified
aptitude tustis with entering behavior; however, iiis analysis suggests that
the behavior ref’zcted in basic aptitude tests "enters" -- that is to say,
is relevant ~~ meinly during the initial siages of instruction, and is
decreasingiy reievant therezafter, The present author's suspicion is that,
even when a complex ski‘ll is znalysed recursively into a hierarchy of
subskills using the technique that Gagne’has expounded, various previously
iearned skills will become more or less relevant in a shifting pattern
as learning progresses, Such shifting patterns were revealed in Fleishmen‘®s
studies, evea though the psychomotor tasks employed in these studies were
relatively less complex than the academic tasks that Gagne”talks about, and
the treining procedures used more homogeneous than the instruction required
t2 teach academic skills,

Earlier, it was suggested that there is a naturalistic bias in task
analyses in terms of factor loadings, There appears to be another facet to
this naturalistic bias, Training, some of the time at least, perhaps mos:
of the time, has the effect of changing the patte:u of factor loadings., The
pagnitude of the change presumably depends upon %& effectiveness and the
extont of training and the degree to which previc sly acouired skills are

relevant to the task at hand, Nonetheless, one can sneculate, the direction

of the offects of t.oaining is generally toward a - it in factor pattern,
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in other words, a change in the relevance ct previously-learned skills, If
this 18 true, then factor analyses of measures on naive subjects could yield
only an imperfect description of the compcnent skills involved in highly
proficient rorformance Iélldﬁing a period of training.

We are ac.ustomed to speak 52 an “increase in proficiency” on a task,
but such an exnression permits the inference that the same skills coaprise
novice-level porformance and master-level performance, that the two levels
and intervening levels differ only in qaantitative degree, There are both
analytic and empirical grcunds for resisting such an inference, IS 1s
probable that different levels of proficiency on complex tasks, if not siuple,
homogeneous tasks, usually involve qualitatively different skills, S8inilarly,
even if by some external standard of proficiency, two groups -~ one with
training of a certaia sort, the other without -- happen Vo perform at the
same level, it cannot be assuncd that the same skills are iuvolved, In fact,
it 1s very likely that the skills wre differont,

To put the whole matter aupther way, behaviors bearing a certain task
or function name can ahow‘markédly different topographies, From sone franes
of refercnce, tuese differances in topography are unimportant, When the
issue is judging what an Q}jganism will be able to do in the future on ucr;
camplex tasks, bace an'whai it can do now; or the issue is planning &
titininz procedure that will most efficiently build upon the organisa's
current repertolre of behavior; or the issue is analysing a complex skill

intofsﬁmpmer, compenent skills, topography can be very critical, indeed,
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Interactions of Aptitude Pactors and Training Variables

Stolurow (1965) has recently reviewed studies showing mﬁraci:ieui
between ability and techniques eumployed in SGlfviuctructiénél prq_béramii The
evidence reviewed by Stolurowx suggests that programs faatﬁfipg knowledge of
results, overt responding, and immadiate feedback make a dtﬁtronee with low
ability students, but that high ability studcats do just as well on prograns
without these features, Other studies seem tu indicate that progrums
allowing “self-direction" are supericr to linear programs for bright students
whiie slow students do as well (badly) with either kind, It ghould be aoted
that fraquently the apparent interactions, usually in the form of correlatiens
of different magnitudes between an ability measure and a criterion pertformance

measure, are discovered in ex post fuctc analyses, 8till, considering the

fact that most psychologists concerned with learning snd training bave not
been very concerned with individual dif!erencas ’ the facts available suggest
that rather often there are interactions beiween ability and training
variables,

Studias involving several training couditions in which scores wers
obtained on a differentiated battery of apiitude tests are icnrco (though
see Dick, 1963), The whole thrust of the analysis presented on the preceding
pages is to suggest that interactions between aptituds tactb'rs and training
varisbles are likely t¢ be the rule rather than the exception, at least for
complex tasks and complex training procedures, such as progijms to teach

scademic skills,

il i i i L
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Of waat worth to the training paychoiogist is it to know that there ie

an interaction between training conditions and an ability measure? Let it
be assumed that the interaction is manifested in differences among training
conditions in the degree of correlation between the ability measure and the
criterion performance measure, Is a high correlation a favorable sign?
According tc =<me educators, the answer is yes, It is a part of the
educational folklure that there is an increase in the variance of the
achievement scores of students of the good teacher » 8ince he stimulates bright
pupils to forge ahead to a greater dagree than does the mediocre teacher,
The popular answer of persons in programed instruction is no, a high correle-
tion hetween an abii:lty measure and a porforumnce measure is not a
favorable sign, The reasoning is that with effective instruction cven the
vull student will achieve a high level of performance, The fact of ths

. matter is that in anci of itself the magunitude of the correlation betmu | | .‘
measure of ability and performance is neither favorable nor untavoradle,

It 211 depends on the means, When the mean level of schievemoant under &

certain training condition is highor than the level unde> a standard

condition, that is good; when the mean of the training condition is lower

that 18 bad, The difference in the courrelation of the ability measure and

the ach:laﬁement measure under the training condition and under the standard

condition and the difference in mean achievement under the two coaditions

cae, provided several assumptions hold, suggest the kind of student who has

profited nwost or least from training, I1f mean achievement is higher and




SRR AU S RN R e R ey P s R

the correlation between achievement and ability is kigher, then probtbli
the dull studeant did poorly as usual while the bright student did especially
well, This is the case maﬁy'educators*who deal with couventional forms of
instruction feel is typical {(desirable?). If mean achievement is higher
but the corvelation of achievement and ability is lower under the trainiung h
condition than under the standard condition, thenr probably the low-ability
student profited 2speclally and the high-ability student did as well as
usucl, This letter case is often seen in programed instruction studias;

‘ Tue remavks that have just besn set forth apply as weil to general
¢bilitly tests and differentiated aptitude measures, A second aspect of the
issue has particulsr reference to differentiated aptitudes, There are those
who say that if following 2 certain training regimen, achievement scores
show~a.relat1ve1y high cawrelation with some special ability, tiL:s prames
that the iustruction cequires reasoaing, creativity, or whatever (sce Brauud
& Heath, 19€3) aud, indﬁed it does, It proves that the regiman.makas
salient certain skills, But it does not prove that this training procsdure
is %o be proferred to sare other, It is entirely possible that another

training procedure that led ¢o lower corrélations of measures of reasoning

or creativily with fimal periormance, would result in higher leveid of

performance on probiem-solving tasks involving reasoning or creativity,
Sevaralrot the forsgoing points are iilustrated by the data in Table 4,

Thirty first-grade children received training designed to teach thenm a

problem-soiving skill, the skill of attaining a concept or solving a problenm
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by varying each factor in succession whils holding all other factors |

constant, The training used the techniques of programed instruction, though
it took the fc. . of a script used by a human teacher (with one child at a
tine) rather than a self-instructioual text or a teaching machine program,
In the initial phase of training, tho program was divided into seven units
called "games" that were derigned to teach components o:t‘ the desired
terminel behavior, The firat three gomes arranged "conclusion-drawing
behavior" and brought this behavior under the appropriate stimulus control,
The remaining four games arranged "instance-selection behévior" and in_teérated
conclusion drawing with instance selection, The second rhase of training
consisted of an abbreviated form of the programu with each of five widely
different, additional tasks, Yhe purpose of the second phase of instruction
was to vanish the control of particular task and problem characteristics and
bring the behav:l;sr under the contfol of the relevéht abatract or schemt:lé
attributes of tasks and probléms.

Following training, the training group and a o::ontrbl group that
received no treatment of any kind, were presented with a series of problers,
sone ﬁom tasks that had been Aamploye‘d during training in order to assess

retention, and some from tasks new to all children to assess transfer, The

problems were exactly like those employed in the Walsh and the Conry studies

previously Jdiscussed, For each problem, the child began with 2 stimlui:
configuration which was, he was told or shown, a positive “instance of a

concept (e.g., it “shows the secret"), The child was instructed to select
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¢= create instances (e.g., "pick cards," "mix chemicals™) until he could say
the concept, The child was scored as having solved a problem if the instances
he selected implied the coucept he stated and no other. A further descrip~
tion of the tasks and the method, as well as the meir reciits of the study,

can be found elsewhore (Andersom, 1Sb1).

Pour hundred and eight first graders, including the 60 childien who

wore presented the problem-solving tasks, completed the Californis Test of
Mental Maturity {(Long Form, 1957 Edition). Subtest scores were intercorrelated
and factor analysed by the principal couponents method., Four factors were
extracted and rotated using the varimax (Kaiser, 1958) procedure (see Table 3.3).
Pactor scoves were computed for the 60 children who received problems,

Pach task was represeated by a composite problem-solving measure, the same
weasure as was used with the Walsh data previously discussed .3

Table 3.4 contains the correlations of the aptitude factors with the
problem~solving measures, It should be noted in passing that the sample was
rather hcemogeneous with respect to IQ and S8ES, Perhaps stromger relationships
would have been cobserved with a more heterogencous sample, Though there is
detail in the table that looks interesting, remarks will be limited to two

observations, First, notice that over-all the aptitude measures account

3'!'he composite score consisted of the sum of the standaruized scores
for number of unnecessary trials {reflected) and nunber oi soclutions, The
measures were standardized separately for the training group and the control
group. ‘The median correlation of unnecessary trials and sclutions for the
various tasks was ,58, a coefficient high enough to support the belief that
the two scores represented the same thing,
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) Table 3.5
Varim Factor Matrix for the California Test of Mental Maturity
with a Sannle of First Graders (X = 408)
A , y 38

I ) § § 12 v )
Inediate recall 1 47 00 19 -07 27
Delayed recall 2 a6 -0l ~11 1) ] 48
Sensing right and left 3 05 ~ ~15 60 13 40
Manipulation of arcas 4 =37 62 03 (1) § 41
Opposites S 02 . 36 23 -07 20
8inilarities 6 07 87 -17 12 37
Analcgios 7 23 an -08 =10 18
Iaference 8 25 13 18 -351 37
Nunber ccacepts 9 ~-12 17 26 87 43
Nuserical quancity 10 -0 07 63 -08 41
Yerbal concepte 11 40 04 -05 60 83
Varianoe 25% 25% 25% 25%

“pecimal pointr in the body of the table omitted, Tatercorrelations

wore factored by the principsl comporents mathod with the highest
correlation of each test as the comunality estimate, The four factors
that were rotated accounted for 96% of the comnon varianve,
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for more of the variance of the trzining group than of the control group.
Since the level of performance of the training group was higher than that
of the control snd since, except for the chemical prolems, the relisbility
of the problem-solving messure was about the same for thw two groups, the
correlations suggest that this is a case in which trainiug benstited the
bright student most, 1;0 look at the issue in another way, the entering
behaviors or skills rapresented by the aptitude :l'ac'!térs were engaged or mads

salivat by the training procedure, Second, the training ssemed to change

the patern of relevant abilities somewhat, Memory was a more prominent

%  factor in the problem-soiving of those who received training than those who
i did not, Look particularly at tie correlations of memory with performance
t on cowhoys task and the pegboard task, tasks that were employed during

; truining and upon which most of the children reached a rather stringent

r cﬂt‘rion of mastery,

Whenever an aptitude measure shLows a marked correlation with a terminal
performance measure, one typs of subject is doing less well than ancther, .
This information could be used to improve the training procedure, One
alternative iz to develop different trasining procedures for the different kinds
of people, There sre a variety of forms that such an approach could take,
ranging from vwholly discrete programs to a collection of training segments
that could be assembled according to a formula based on & vector of scores

» for each student (see Stclurow & Davis, 1965).
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To pull toget!wi and sumnerize what has been said in this paper, first
f~om the perspective cf the ptychologist concerned with developing trainirg |
procedures to arrange problem-solving skills, a description of tnih in terms
of losdings op aptitude reference factors might sometimes prove to be &

useful adjunct to other task analysis methods, But there are several reasons
wvhy suc! a technique could not comprise the principal wethod of taak

inslysis, Sécond,. Astudiei of the relationship between training and factor
iit:éuct’uﬁ ssem to indicate that aptitude tests are p‘r.imrﬂy ﬁuaurei ot
ontering behavior, for the most pmxrt :mfeléted to how much improvement will
mesult from trun:lng. When the task or tiid training procedure is at all
omplex, a shiiting pattera of rclat:lonﬁhips between abutudn and performsnce
oan the training task is likely to appear, The shifting pattern ﬁﬂi&ﬁ' the |
changing relevance | as tu;ning progresses of tﬁe previously~learned kilt:llli
represented by the aptitude factors, Third, intersctions, more exﬁroiily
correlations, between aptitude maiures and performance aftsr trasining contain
:ln!omticn that can be employed to improve training by matching the kind of |
training to the kind of persomt in one of several possible ways or modifying
the training procecure so that those with low aptitude scores schieve better,
Nonetheless, there is good reason to be suspicious of & judgment about .
training procedure when that judgment is bLased on a correlation co.fﬁéi«mt
alone, Finally, such duta on aptitude factors and problem-iuiﬁng bshavior

83 &se airtilable are consistent with the belief that prodlem-solving is not

essentially different from other varieties of behavior,




n

The information that achievement correlates highly with an aptitude

measure might be used in a second way. Under some circumstances, it might

be possible to modify a training procedure so that those with the low
aptitude score have a better chance of succeeding, If une is spesking of
differentiated aptitude factors, and this had been the presumption in the
toregoing, the aptitude factor itself might suggest the sort of modificatiou
that would improve the performance of those with low scores, For instance;

| if Verbal Comprekension is a factor that is strongly associated with achieve-
ment, perbaps a simplified vocabulary is indicated, or perhaps in the sections
in which verbal complexity is unavoidible nore trials or frames are needed,
Ordinarily, aptitude tests are used to diagnose the failings of students,
The sugﬁestion is to use aptitude tests to diagnose the failings of training
srocedures. Ii is difficult to forecast how useful aptitude tests would

" prove in the diagnosis of the shortcomings of training procedures, It could
be 'that the information obtained from correlations between aptitude measures
end performance measures would turn out to be just an expensive, indirect
au‘batitufe for information obtainable by more direct means,

In this section, tie argumeant has been that interactions between ability
messures and training conditions are probably the rule rather than the
exception. But, caution was urged in interpreting interactions, especially
those that appoar in the form of correlation coefficients, Neither the
sssertion that the correlation between ability measures and terminal per-

tormance goes up with effective training, nor the contrary assertion is
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universally true. The adequacy of a training procedure must be judged Ly
the level of performance attained, Correlations of achievement with ability
measures, perticularly ditferentiated ability méasuras, can suggest the kind
of student who profits most or least from a certain traiuning procedure,
Bagsed on this information, there are several courses of action that could
improve training, When differentiated aptitude measures are employed, the

aptitude measure itself might suggest the sort of modification that would

improve training, though it féma:lns to be seen whether this suggestion has

any actual value,
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CHAPTER &
Task Pactors and Aptitude Factors im Children's Problem Solving

| The purpose of the research reported in this chapter was to exp;?rer
the effects of task factors and aptitude fsctors on children's problem |
solving. With respect to task factors, the first factor was type of
materials~~card array, cowboy game, and pencil collection. While these
materials were not systematically chosen to represent points in a
conceptual space, it was important for the program of research to dis-
cover any systematic differences among the materials. The secondvfactor
was number of relevant stimulus dimensions. The corcept to be attained
by the child was defined by aither one stimulus dimension (e.g. color),
tuo stimulus uimensions (e.g. color and form), or three stimulus |
dimensions (e.g. color, form, and number). A third factor was order of
presentation of uateriais, in other words, the effects of practice. Type
of materials, number of relevant stimulus dimensions, and order of
presentation were factors in a within-subjects analysis of variance design.
A fourth factor; the nature of the particular stimuli defining concepts,
was nested within Materisls and Dimensions. Instead, for 1nstanc¢, of
represeucisg l-dimensional card array problems with a single éoncéptau
say Red--six independent subgroups got l-dimensional card array
problems involving six different concepts.

The second purpose of the‘reséarch reported in this chapier was to

investigate the velationahips between aptitude factors and problem

solving petfown&nce. All of the children in tie available pﬁpulation
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were given a battery of 24 ajtitude tests intended to mark 10 established
aptitude fartors. Scores on the testé were intercorrelat-d. The -

correlation matrix was factov analyzed. Then problem solviug performance

wms‘studied in relation to the factors. Frou perspective of the

| behaviorist, aptitude factors (or factor scores) represent the operant

E level of skills often important for human performance on a wide range

; of tasks. In other words aptitude factors represent entering behavior.
The work of fleiahman with complex psychomotor tasks shows that the
pattern of correlations of aptitude factors with performance at various
levels of proficiency cﬁn yield valuable information about the relevance
;  of different components of entering behavior. A Fleishman type analysis
‘ﬂus‘conpleted‘, The rat;onale for this sort of analjsis, along ﬁith a
discussion of its strengths and particularly its wesknesses, appears in

Chapter 3.
Method

Subjécta. All qf the apprdxinately 210 children in the fourth
 grade in three elementary schocls in a self-contained, midwestern towh—;
of 19,000 completed‘a battery of 24 aptitude teste. A zandom sample |
-df 144 of these children later reccived a series of nine concept
both lﬁweraclats and middle-class children.
v Procedure. The aptitude tests were administered in the regular
classroom by one of six experimenters. The classroom teacher a&sigted.

Problems were administered in individual sessions in such reasonably
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and private spaces as the schools were abie tc furnish. Eaéh subject
received problems from a single experimenter. The proceduve for
presenting and scoring problems was detailed in Chapter 2.

Design. Each of 144 fourth graders received nine concept attainment
problems in a design which involved four factors. iney wesre (A) Order 1
of pregentation of materials, (B) Type of materials, (C) Number of
relevant stimulus dimensions, (D) Order of preseutation of problems‘ !

within materials. The design can be diagrammed as follows. f

£ A2 A3

Group Dl D2 D3 D1 D2 D3 D1 D2 D3
1 BiC) BjC, B,Cy B,C, B,C, BC, B8, B, By,
2 By, B,C; B)C,  ByC, ByC, B,C, B,C, B,C, BC,
3 ByCy BCy B8, BiC, BC, BC,  BC, B, B

Each subject moved from left to right along one of the rows in this
tabie. In this design "Group" is a sequence factor. Order of presenta-
tion of problems within materials, which was included for reasons of
experimental control and is mot of intrinsic interest, was ignored in
the data analysis. When this factor is collapsed, there remains a
fixed-effect design involving repeated measures which Winer (1962,

pp. 571-574) calls Plan 12. There were two additional orthogonal
fﬁctors which were not included in the main data analysis. The first of

‘these was experimenter, which can be thought of as a replication factor
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_since each experimenter ran 24 subjects in a miniature version of the
experiment as a whole. Preliminary one-way analyses of variance
indicated no effect for experimenter, hence data were pooled in sub-
sequent analyses. Concept subgroup was the final factor. Independent
groups of subjects receivec unique sets of problems. Concept subgroup

could be regarded as a fixed factor mested within Materials and
Dimensions. The main reason for including this factor was to broaden
the bage for gemeralization. It would be presumptuous to make ruch cf
differences among materials when each set of matorials was represented
by only three of the 27 possible concepts which could be formed within
each set. In the present experiment, each set of materials was repre-
sented by 18 concepts. Similarly, each level of Humbex »f Relevant
Stimulus Dimensions was represented by 18 concepts instead of three.

It would have been possible to sample at random from among the concepts
that can be formed within each set of materiels. Suth a atrategy, at
least by the classical logic of ianferential statistice, would have
permitted even more confidence regarding the limits of>generalization.
The author chose the alternative strategy of choosing concepts on the
basis of an a priori analysis which can be argued to guarentee that all
possible kinds of concepts are represented in known proportions. This
would seem zo be the only sensible decision. After all we are not
dealing with an indefinite number of field plots which will recelve
rainfall in unpredictably different quantities.

Concept subgroup could have been included as a factor in the main

analysis. However, it was not included since the interactions, if any,

Q
ERIC
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of this factor with other factors would have been uninteresting and
probably uninterpretable. Instead, differences among éoncepts classified
according to materiuls and number of relevant stimulus dimensions were
studied in separate analyses. In the main analysis, scores were pooled
across concept subgroup. At first glance it may seem vhat under this
procedure the effects of concept subgroup are being included within
error., However, this is not the case. All of the factors of interest
involved within-subject error terms.

it goes without saying that subjects were randomly assigned to

sequence groups, concept subgroups, and experimenters. Assigmment to

experimenters was random with the constraint that each experimenter
worked in jJust one school.! Randomization was accomplished as follows:
(a) The fourth gréders within each scheol who completed all of the
aptitude tests were randomly divided into two equal-sized groups.

(b) Within each group, the names of the children were listed in random
order. i{c) The two lists were randomly assigned to the two experimenterse
who worked witnin the school, (d) The experimenter was also prov1dedr
with a randomly-ordered set of “treatment control sheets.” Bach‘Such
sheet specified the sequence of problems thai a single subject was to
receive. (e) The first child on the list who was not absent received
the treatment specified on the first control sneet; the next child

received the treatment specified on the second control sheet; and so om.

1,

| As already explained, experimenter could be considered to be a
. replication factor. Hence, school was also a replication factor, with
" experimenter nested within school. While the data were not analyzed

by school, the nature of the design assured that differences are not
attributable to influences assoclated with school, whatever they may be.
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Aptitude tests. The 24 aptitude tests were chosen to mark ten

expected factors. The Manual for Kit of Reference Tests for Cognitive

Tactors (French, Ekstrom, and Price, 1963) served as the chief basis for

expectations about factors, as the guideline for choosing tests, and as

the primary soucce with respect to interpreting and waming factors. The

work of Guilford and his associates was also consulted (Guilford.

Chrigtensen, and Frick, 1962; Wilson, Guilford, Christensen, and

Lewis, 1954). - |
At least two tests were selected to mark each expected factor. ﬂ

There were four sources of tests. Given below is the abbreviation used

to credit the source. (ETS) The Kit of Reference Tests developed by a

variety of persons and putlished by the Educational Testing Service.

(PMA) The Primary Mental Abilities battery developed by Thurstone and

published by Science Research Associates. (NYU) The Solving Puzzles
tests developed by Kaya (1960) at New York University. (TRL) Tests
developed by the author and his associates i&?tbe Trainiuz Research
Laboratory at tihe University of Iilinois.

The tests are listed beiﬁw by name. Included 1s the source
credit, the factor with which the test is presumably saturated, and a
brief deseription of the test.

1. Picture-Number. ETS. Associative Memoury. The cabject sees
pictures of common obiects paired with numbers. He memorizes

the number which goes with each picture, then has to write down
the numbers on a page that has only the pictures on it.

2. First Name and Last Names. ETS. Associative Memory. This is
cimilar to the first test except that the material is all verbal.
The student memorizes a list of names and then must write the
first names in blank spaces preceding the last names.
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3.

&.

6.

7.

8.

9.

10.

1}.

14,

15.

Subtraction and Multiplication. TRL. Number Facility. This test
is nothing more than a series of subtraction and multiplication
problems.

Spatial Orisatscion. TRL. Spatisl Urientation. This is s typical
spatial orientation test in which a sample and four alterastives
srs provided. The suoject must select the alternative which is
identical to the sample except Zor being rotated.

Pioding 'A's. ETS. Derceptual Speed. There is = long list of
words. The subject must cross out as many words containing the
letter "a" as he can within the time limit,

Words., PMA. Verbal Comprehension. This is a vocabulary test.
The subject is required to select the word from among four
alternatives which has the same meaning as the sample word.

Pjctures. PMA. Verbal Comprehensicn. This is another vocabulary -
test. The student is shown four pictures &nd is asked, for example, , ¥
"Which ons is the dog?”

Number Sanse. PMA. Number Facility and Ceneral Reasoning.
Included are arithmecic word probleus and problems in which the
subject must £1ill in the pissing number in a number series.

Addition., PMA. Nunber Pacility. This consists of 39 additioa
problcozs.

Spatisl, PMA. Spatial Orientation. The subject is required to e
seleci the one figure from smwng fsour slternatives ddch, shea
combined with the sample figure. will svodvce a square. ’ -

Pigure Grouping. PMA. Induction. Focr figures are presented. The
student i¢ rcquired to select the one which is different from the
other three,

Word Grouping. PMA. Induction. Four words are presented, three
cf which share some property. The subject must select the odd word.

Perceptual Speed, PMA. Perceptusl Speed. Four pictures are

presented. The student must selact the two pictures which are
identical.

- Solving Puzzles 1. NYU. Flexibility. The student is requixed to

find hidden words in a lunger word.

Solving Puzszles 2 (first scoring). NYU. Ideationsl Fluency.
The score is the total number of answers the subject gives to such
questions as "Name ali the round things you can think of."
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16. Soiving Puzzles 2 (second scoring). NYU. Originality. The score
here is the proportion of unusual or original answers.

17. Solving Puzzies 3 (first scoring). wyu. Ideational Fluency. This
is similar to test 15, except the tests invelve the uvses of objects,
for example, "Write down all the different ways you could use a
string.”

i8. Solving Puzzles 3 {second scoring). NYU. Originality. The score
is the proportiav of answers to test .7 which are unusual or original.

19. Solving Puzzles 4. NYU. Organization. The subject is raquired to
produce a a word which is simultaneously synonymous to two words.

20. Solving Puzzles S. NYU. Organizatior. The student is given four
words and is ﬂequired to write a very short story with two or three
sentences using all four words.

21. Solving Puzzles §. NYU. Flexibility. This is the "match-stick
puzzles test." There is a figure drawn of match sticks; the
directions to the subject are, for example, “Take away tHO*matches
and leave three triangles."

22. Seolving Puzzles 7. NYU. Flexibility. A series of words is arrange;
sccording to some vule; the student must discover and state the rulc.

23. Jolving Puzzles 8 (first scoring). NYU. Ideational Fluency. A
drawing is shown. The score is the number of things the subject
1ists that he thinlks the drawing could be.

24. Solving Puzzles 8 (second scoring). NYU. Originality. The same
as test 23, except that the score is proportion of original answets.

Measurez of skewness and kurtosis were computed. Seven distributions
departed sufficieantly from normality to warrant‘transttmaticns. Square
root transformations were made on tests 1, 2, and 21. The scores on
tests 12 and 20 were squared. Arcsine transformations were made on two of
the three ratios, test 16 and test 18. After thesc transféruatians,
skowness and kurtosis fell within normal bounds for all tests.

A components anzlysis was performed. The correlation matrix, with
1's in the diagonal, was analyzed into principal components, Faccors, or

components, with latent roots greater than 1 were roteted using the

varixax procedure. | B
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Tagk factore and problem golving "

Specific conceptg. For this phase of the analysis there were three
dependent variables: (1) Number of solutions to the problem; (2) Number
of inappropriate choiucs of ins:ances, which is the sum of inefficient,

redundant, and repetitious choices; and (3) Number of irappropriste

conclusions, which ies the sum of inconsistent, consistent-but~invalid, and

miscellaneous conclusions. The details of the scoring procedure, it

should be‘mentioned again, and the logic upon which these procedures are

based aﬁpear in Chapter 2. |
Tables 4.1, 4.2, and 4.3 contain the means and standard deviations

. for the card array, cowboy game, and pencil collection, respectively.

Avalygses of variance were performed ¢n each set of six means. It should o

be emphasized that these analyses were not independent. The same six

R ST e ot

subgroups were involved in éach analysis. For what it is worth, there
were three significant (a = .05) F ratios. There were significant
differences in proportion of subjects solving the problem among 2- and
J-dimensional card arrey concepts and l-dimensional pencil concepts.

Bffects of order of presentation, type of materiale and number of

g et e e i e et Aot S St B b

relevant stimulus dimensions. For this phase of the analysis there were

four dependent variables. Summary problem solving performance, a measure

discusged in Chapter 2, was included in addition to number of solutions,
number of inappropriate choices, and number of inappropriate conclusions.
Unlike the latter three measures, which aré gimply counts of “natural
units,” the summary performance score is a derivative measure in an

arbitrary metric. Nonetheless, the summary score has the advantage of

:
F
E
|
E,
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Table 4.1

Card Array Concert Means and Standard Deviations

Proportion Number Number
Solving Inappropriate Inappropriate
Problems Choices Conclusions
Concept M SP M Sb M Sh
1-Dimensicnal Problems
One o715 44 1.33 1.17 1.29 1.5%
Red .63 .49 2.00 1.10 1.00 1.47
Box .88 <34 1.33 1.01 1.38 1.35
Two .83 +38 1,54 1.18 1.17 1.01
Green .83 .38 1.67 1.17 1.11
Diamond .92 .28 1.25 .90 1.21
¥ ratio 1.70 1.59
2-Dimensional Problems
Green Diamond J1 46 1.00 1.22
Twe Green .58 .50 1.54 1.44
Two Diamond .88 .34 1.33 1.49
Red Box .79 JA4l 1.17 1.40
One Red 54 .51 2,04 1.37
One Box .88 .34 1.46 1.10
E ratio 2.63* 1.73
3-Dimensional Problems
- One Red Diamond .58 .50 1.58 1.53
Uue Green llox .58 .50 2.00 1.35
Two Red Box +67 ,48 1.67 1.69
k Two Green Box .88 .34 1.21 1.22
! Two Red Diamond .50 .51 1.92 1.50
& One Green Diamond .83 .38 1.63  1.31
l _I:‘_ racio 2-57* egl
o

* ,
p < .05
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Table 4.2

Cowboy Concept Means and Standard Deviations

L

Proportion Number Number
Solving Inappropriate Inappropriate
Problems Choices - Conclusions
Concept M Sh M SD M SD

l-Dimensional Problems

Riding 71 L46 1.83  1.17 .88 1.08
No Gun 75 L44 2,06 1.40 1.00 .88
Hat .88 .34 1.79 1.6l 1.06  1.27
Standing 1 .46 2,06 1,27 1.21  1.02
Gun 75 .44 1.63 1,13 1.33  1.37
Bareheaded .88 .3 1.21 1,22 1.00 1.18
E ratio .82 1.36 .50

Z*Dimensiunai Problems
Standing Gun 67 .48 1,96 1.40 1.00 1.02

Standing Bareheaded .54 .51 2.42 1,32 1.25 1.22
Gun Bareheaded 75 44 1.92 1.28 1.58 .88
Riding No Gun .75 LG4 2,00 1,35 1.25 1.i9
Riding Hat 75 &4 1.83 1.55 .88 .80
No Gun Hat .79 L4 1.71  1.33 1.5 1.02
F ratio 96 T4 1.79

5-pimensional Problems

Riding Gun Hat 75 44 1.83 1.58 .63 .77
Riding No Gun Barcheaded 63 .49 2,06 1.46 1.21  1.25
Standing Gun Bareheaded 75 b4 2,13 1.42 71 .91
Standing No Gun Bareheaded .67 .48 1.96 1.52 1.00 1.29
~ Standing Gun Hat 67 .48 2.25 1.36 .96 1,08
v  Riding No Gun Hat 79 W41 1.7 1.43 92 1.14

F ratio 47 .43 .90
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Table 4.3
- Pencil Concspt Means and Standard Deviaticms
Proportion Number Number
Solving Inappropriate Inappropriate
Problems Choices Conclusicns
Concept M SDh M sh M SD
1-Dimensional Prol:lems
Long .92 28 1.83 1,52 1.21 1.02
No Braser .58 .50 2,08 1.28 1.13 1.12
| Point .92 .28 1.42 1.47 1.29 1.20
Fan Short .15 4b 1.54 1,22 1.17 1.24
Eraser .83 .38 1.50 1.64 1.29 1.33
Unsharp .92 .28 1.54 .83 1.13 .99
F ratio 3.10% .84 .10
-
* 2-Dimensional Problems
Short Eraser J1 45 1.50 1.32 1.13 1.42
Short Unsharp 42 50 2.50 1.47 1.17 1.20
Unsharp Eraser .75 A4 1.29 1.40 1.17 1.31
Long No Eraser .79 41 1.63 1.35 1.00 1.18
Long Poiut .71 46 1.58 1.44 1.25 1.36
Point No Eraser 71 46 1.58 1.28 1.42 1.28
F ratio 2.02 2.22 .28
3~Dimensional Probleus
Long Point Eraser .79 4l 1.92 1.47 .96 1.00
Long Unsharp No Erager .67 .48 1.75 1.42 .58 .72
Short Point No Eraser .67 438 1.79 1.44 1.13 1.08
Short Uncharp No Eraser .88 .34 1.50 1.41 .71 .86
, Short Point Eraser .75 4 1.42 1.44 71 .81
Long Unsharp Eraser A1 .46 1.75 1,33 J9  1.25
F ratio .81 -43 .99
* *
» p < 005
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represciting the various compouents of problem solving pexrformance with
a single number. An S's summary score for a problem is determined as
follows. Two points are awarded if the S solves the problem anl makes
no inappropriate choices and states no inappropriate conclusions. One
point is awarded if the S solves the problem but makes one or more
inappropriate choices or etates one or more inappropriate conclusions.
An S receives no points if he dces not solve the problex. Naturally the
four measures are not independent.

Consider first the summary measure. Means and standard deviations
appear in Table 4.4. The analysis of variance is described in Table 4.5.
order oi presentation was the one significant effect. Subjecte averaged
.74 per problem on the first set of materials, .95 on the second set, and
1.06 on the final set.

Table 4.6 contains the means and standard deviations of number of
solutions to the problems. Since each cell is represented by a single
problem which a subject either solved or failed to solve the figures in
Table 4.6 are actually proportions of Ss solving each problem. For this
reasou, incidentally, the means and standard deviations are not independent.
As caa be seen in Table 4.7, order of presentation and number of relevant
stimulus dimensions both had a significant effect on problem soltuions.

The average proportion of problems solved was .61 for the first set of
materials, .77 for the second set and .83 for the third set. An average
proportion of .80 subjects solved the three 1-dimensional problems while
.70 solved the 2~dimensional problems and .71 solved the 3-dimensional

problems.
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Table 4.4

Means and SDs for the Problem Solving Summary Measure

Order of Presentation

1st 2nd 3rd
Number of | | | ' | -
Materials Dimgnsions M sb o M Sh | M S
1 .92 .61 .88 49 9% W52
Cards 2 v .75 .70 108 .77  1.13 .67
3 .63 .73 .98 .79 1.21 .68
1 .69 .59 .87 .58 1.15 .50 |
Cowboys 2 .58 .65 .90 .59 1.06 .60
3 .63 .67 1.10 .69 98 - L03 -
1 .81 .53 .90 .52 1.02 48
Pencils 2 .83 .78 .83 .75 1.00 .62
3 .83 .69 1.02 +56 1.02 79
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Table 4.5
Analysis of Problem Solving Summary Variance
$0urce A df MS F 7
Between Ss 143
Group 2 .79 .76
Ss within Groups 141 1.05
Wi thin Ss 1152
Order of Presentation (0) 2 11.15 32.39%
Materials (M) 2 .36 1.06
(0 X M)' 2 .63 1.84
M X Ss within Groups 282 .34
Number of Relevant Dimensions (D) 2 .0¢ «25
D X Group 4 .75 2.21
D X Ss within Groups 282 .34
OXD 4 .62 1.87
MXD 4 24 .73
(OXM)'XD 4 .38 1.16
M X D X Ss within Groups 564 .33
Total 1295
*p < 01
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Table 4.6

Means and SDs of Humber of Solutions

Order of Presentation

1st Znd 3rd

Number of
Haterials Dimensions M SDh i | <D M SD

1 .77 42 .81 8

(a
o
.

%]
o

.38
E Cards 2 .60 .49 .75 .44 .83 .38
3 .48 «50 .69 47 .03 36

1 .63 .49 Y .43 .94 .24

Cowboys 2 .50 .51 .77 42 .35 .36
3 .52 .50 .81 .39 .79 41

1 .75 44 .51 .39 90 .31
Pencils 2 .60 49 .63 49 .81 .39
3 .67 48 .85 «36 .71 46
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Table 4.7

Analysis of Variance of Number of Solutions

Sourrrce daf o AHS ) F |

Between Ss 143

Group 2 48 1.12
Ss within Groups

e a

Within Ss

Order of Presentation (0)
Materials (i)

(0 X M)'

M X Ss within Groups

Number of Relevant Dimensions (D)
D ¥ Group
D i Ss within Groups

0XD

MXD

(OXM)' XD

M X DX Ss within Groups

Totul

*p < .01
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Table 4.8 contains weans and standard deviations of rumber of
inappropriate choices per problem while Table 4.9 summarizes the analysis
of variance for this measure. Once again, order of presentation had a
significant effect. The mean number of inappropriate choices per problem
was 2.09 for the first set of materials, 1.57 for the second set, and 1.45
for the third set. Type of materials also made a significant difference.
The mean number of inappropriate choices per problem for the three cowboy
problems was 1.91. The means were 1.53 and 1.67 for the cards and pencils,
respectively.

The means and standard deviations for number of inappropriate
conclusicons appear in Table 4.10. Table 4.11 shows that order of pre-
sentation, number of relevant stimulus dimensions, and the interaction of
these two factors were significant. Table 4.12 contains the means entailed
in these significant effects. The Number of Relevant Stimulus Dimensions
X Group interaction was marginally significant, but the means iuvolved
in this effect wiil not be summarized since the result is completely
uninterpretable.

Discussion. The one factor which had a strong influence was ordexr ' ;;f
of presentation. This factor had a significant effect on cach of the
four measures. Evidentlv children grow more proficient at sviving problems
as their experience with solving problems increzses. Facilitation
occurred solely as a function of practice. There wae no training.

Tndeed, there was not even feedback as to the correctuess of the child's
responses, except insofar as feedback was indirectly involved in the
procedures for administering problems. Nonetheless, problem solving per-

formance improved steadily from the first to the thivd set of problems.
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Table 4.8
Means and SDs of Number o Iaappropriate Choices
Order of Presentation
1st 2nd 3rd
Number of
Ngt&:igls Dimensionsr H | Sh M SD M sDh
1 1.58 1.11 1.58 1.11 1.3¢  1l.11
Cards 2 1.94 1.41 1.25 1.38 1.08 1.16
3 2,27 1.28 1.6 1.50 1.16 1.33
1 2.3 1.29 1.77  1.31 1.23 1.13
Cowboys 2 2.5 1.35 1.71 1.29 1.67 1.31
3 2.5 1.22 1.58 1,50 1.83 1.47
1 1.68  1.27 1.58 1.30 1.69 1.49
Pencils 2 1.89 1.52 1.67 1.42 1.48 1.27
3 2,06 1.37 1.45 1.30 1.54 1.49
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Table 4.9

92

Analysis of Variance of Number of Inappropriate Choices

M X D X Ss within Groups 564-

| S(mrcer o df | F
Between Ss 143
Group 2 1.28
Ss within Groups 141
Within Ss 1152
Order cf Presentation (0) 2 35.74%
Materials (M) 2 10,68%
ox M 2 1.00
M X Ss within Groups 282
Number of Relevant Dimensions (D) 2 1.57
D X Group 4 1.73
D X Ss within Groups 282
OXD 4 2.06
MXD 4 .93
(OXM'XD 4 .93
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Table 4.10

Means and SDs of Number of Inappropriate Conclusions

Order of Presentation

1st 2nd 3rd
Number of ) T A
Materials kDimengions M Sh M | SDh | M SD
1 .79 1.05 1.58 1.47 1.13 1.20
Cards 2 1.20 1.32 .88 1.18 79 1,i8
3 1.10 1.34 1.02 1.14 50 .62
1l 1.02 1.00 1.55 1.40 .69 .78
Cowboys 2 1.50 1.17 1.25 .96 1.00 .97
3 1.25 1.31 75 .98 A1 .85
1 1.23 1.15 1.56 1.24 .81 .39
Pencils 2 1.38 1.27 1.48 1.44 .7%// =7
3 096 1011 oBl 094 A? '83




TR TR

Anderson 94

Table 4.11

Analysis of Variance of Number of Inappropriate Conclusions

Source df MS 7 F
Between Ss 143
Group 2 .03 01
Ss within Groups 141 2,52
Within Ss 1152
Order of Presentation (0) | 2 23.86 21,39%%
Materials (M) 2 .75 .67
(ox M 2 2.01 1.80..
M X Ss within Groups 282 1.12
Number of Relevant Dimensions (D) 2 11.05 8.79%*
D X Group 4 3.18 2.53*%
D X Ss within Groups 282 1.26
0XD 4 6.79 6.70%*
MXD & 1.78 1.75
(OXM'XD 4 1.22 1.20
M XD X Ss within Groups 564 1.01

@f\\\\\\\\\\\\\\\?fffl 1395

—

*p < .05 I

*kp < ,01
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Table 4.12

Mean Number of Inappropriate Conclisions Per Problem as
a Function of Order of Presentation and
Number of Relevant Stimulus Dimensions

Number Order”

1 1.01 1.56 .88 1.15
2 1.36 1.20 .83 1.13
3 1.10 .86 .63 .86

M 1.16 1.21 .78

)
4
ag
i
— B e e e A R B e e e R L il




Anderson 96

Research with fircst graders reported in Chapter 6 showed that there
is a definite limit to the amcunt of improvement which will result from
unguided practice alone. While it iv impossible to estimate how close to
asymptote the fourth graders in the present experiment were by the end
of their third set of three problems, it is worth noting that performance
gain was negatively accelerated. That is, with respect to the summary
measure, number of solutions, and number of inappropriate choices (but
not number of inapprepriate conclusions) there was substentially greater
improvement from the first to the second set of problems than from the
gecond to the third.

Tentatively, the significant effect of number of relevant stimulus
dimensions on number of solutions and on number of inappropriate conclusions
can be attributed to the control which positive instances exercise over
conclusion drawing behavior and couclusion stating behavior. Subjects
stated fewer inappropriate conclusions on 3-dimensional problems than Chey
did on 1- and 2-dimensional problems. And, fewer 3-dimensional problems
than 1- or 2-dimensional problems were solved. When an § scivea a problem
he must by definition state a conclusion. Thus, less conclusion-stating
behavior, either appropriate or inappropriate, was emitted on 3-dimensional
problems than on 1- and 2-dimensional problems. In a 3~-dimensisnal problem
formed with a set of matesrials yvepresenting three stimulus dimensions
each of which takes cn twos values, there is only one positive instance,
the focus instance designated by E. None of the instances chosen by S

in the course of worlk on a 3-dimensicual problem could be positive.

The argument is that 3s tend to draw couclusions by naming the common
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elements of positive instances. When no positive instances are encountered,
conclusion stating behavior is inhibited.
The effect of type of materials on number of inappropriate choices

is attributable to the greater frequency of such choices with cowboy

problems. The author and his associates have often observed that the

f story line employed with the cowboy materiale interferes with problem
solving behavior. A child will insist that a "friend of the sheriff"

must ride a horse or must carry a rifle. Possibly the thematic characteris-~

tics of the cowboy task led to interference; though if this is the case
it is not clear why number of inappropriate choices was the only measure

affected.

Aptitude factors and problem solving

Interpretetion of factors. The correlation matrix eppears in

Appendix II. Table 4.13 contains the rotated factor loadings. The seven

rotated factors accounted for 63.4% of the total variance. The com-

munalities of the individual tects and an estimate, not always an appropriate
one, of the reliabilities of the tests appear in Table 4.l14. The inter-
pretation of factors is given below.

I. Verbal Comprchension. All of the tests loading highly on this factor

have verbal content. It is clearly Verbal Comprehension.
. 1I. Speed. This factor is difficult to interpret. Loaded highly are
the tests which were expected to define Associative Memory and Number
Facility as well as Perceptual Speed. Speed secems to be the common

element. First of all, the two Perceptual Speed tests (tests #5 and #13)
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Table 4.13

Varimax Factor Matrix

1 11 111 v v Vi Vil
1 17 .75 -.05 .09 .31 -.04 -.06
2 .65 46 .21 .09 .11 -.07 -.01
3 .29 .53 41 .07 .18 .29 .17
4 .15 .17 .25 .12 71 -.07 -.07
5 .11 .65 .00 .22 -.07 .07 .09
6 .79 .21 .23 11 .09 21 .09
. 7 .60 -.01 .00 .00 .45 09 J14
8 .39 .22 41 -.03 .28 .32 .28
9 .17 .43 .24 .16 .13 .36 <24
10 .16 .23 ~.02 .05 .70 .27 .13
11 .23 .09 48 -.12 2 45 .06
| 12 .56 .36 b -.01 .12 .19 .07
1 13 .32 42 .23 .13 .19 .35 .15
14 .58 .18 .23 .27 .19 )] .12
» 15 .26 .11 .35 .68 -.10 .09 .05
Y 16 .04 -.09 .68 .26 12 -.06 «.02
17 .15 .23 .17 .70 .18 A1 .08
18 .02 -.21 A1 .27 46 -.14 .43
19 .74 .06 -.00 .20 .03 .15 -.02
20 022 016 062 olg “'003 ”003 '31
21 .16 .05 -.0Y .18 -.03 .84 -.08
22 46 .13 .01 .10 -.08 .05 .60
! 23 .06 .12 -.01 .74 .11 .06 .18
] 24 -.04 .09 .15 14 A1 .02 .81
Percent
Commnon

Variance 23.0 15.7 14.0 13.2 12.5 10.9 10.6
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Table 4.14

Estimated Reliabilities and Communalities of zhe
Twenty~-four Aptitude Tests

Procedure for

Estimating Estimated
Test Number ~Reliability* Reliability Cormunalities

1 2 .56 1 %
2 2 .82 J1

3 2 .90 .69

4 1 .55 .64

3 2 .70 .51

6 1 .89 .76

7 1 .65 .59

8 1 .82 .63

9 1 .93 « 50
10 3 .86 «65
11 a .70 .60 :
12 3 .88 +69
13 1 924k .52
14 1 .94 .64
i5 4 .72 .69
16 4 .37 .56
17 1 .77 .65
18 1 .54 55
19 1 .68 .62
20 4 .79 .59

21 4 .66 o717
22 1 J1 .60
23 4 .87 .61
24 4 .51 .72

*
There were four computationsl procedures:

(1)
(2)

3)
(4)

odd-even correlution stepped up by Spearwan-Brown foramula,
parallel form correlation stepped up by Spearman-Brown
formula,

Horst formula for unequal length parts,

items were intercorrelated, then r to z (Fisher)
transformations were made for each unique correlatiorn.
The average z was transformed to r. The Spearman-~Brown
formula was then applied to the r.

*%
This is to be regarded as an inaccurate upper bound estimate.
The misapplication of a formula by Gulliksen gives an inaccurate
lower bound estimate of .25.

Q
I
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did load highly. Second, it is known that tests involving routine
arithanetic problems sometimes do load on the Perceptual Speed factor rather g
than defining a separate factor. With regard to tests #1 and #2, which i
supposedly represented Associative Memory, these were intended for adults i
but were used with children in the present study. Scores were low. It
is not unreasonable to suppose that those who scored high did so because
they worked quickly.

11I. Reasoning. This factor is called Reasoning because of the loadings
of tests #3, #8, #11, and #12; however, the high loadings of testu #16

and #20 make its status ambiguous.

IV. Ideational Fluency. All three tests of ideational fluency loaded
highly on Factor 1IV.

V. Spatial Orientation. The two tests with the highest loadings on this
factor were both tests of spatial orientation. The other tesis with
moderate to high loadings all had figural as opposed to verbal content.
Vi. Figural Adaptive Flexibility. This factor was so named because the

one test with a very high loading was the match stick puzzles test.

VII. Originality. All three originality scales loaded on this factor. :

Relationship of aptitude factors to problem solving performance.

As a service to the cooperating schools aptitude factor scores, correctly
computed (Glass and Maguire, 1966), were furnished in percemtile ramk
form (Willis and Anderson, 1965). These scores were intercorrelated to

be sure that the conversion to percentile ranks had not introduced noise.

All of the entries were near 2ero.
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Next, correlations between factor scores and problem solving
performance were computed. Relationships with all of the problem
solving measures were studied, but only the analysis involving the
sumary measure will be reported here. This is logically the single best
representative of problem solving performance, the most comprehensive
measure, and probably the most reliable measure. Then too, as will become
apparent in a moment, nothing very striking was discovered, so there
was no point to including all the figures.

The fact that different subjects received different problems and
the fact that many of those who received the same problems received them
in different orders were potentially serious difficulties for the
correlational phase of the analysis. The situation is comparable to
that which would exist if several different forms of an achievement test
were given. If the data were simply pooled without regard to test form,

the correlations of achievement with other variables might be attenuated.

In order to gauge the extent of the attenuation, both within-group
correlations and pooled-data correlations were computed.

Number of relevant dimensions was collapsed. Each S then had three
scores, one for his first three problems, one for his second three
problems, and one for his third three problems. For the computation of
the within-group correlation, the S$s were then divided into the 18
groups defined by Sequence Group and Problem Subgroup. The variance~
covariance matrix, involving the seven aptitude factor scores and the

three problem solving summary scores, was computed for each group. The

matrices were summed, and the within-group correlations were computed
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from the total matrix. Table 4.15A contains the within-group correlations

between the aptitude factors and problem-solving performance. Pooled-
data correlations appzar in Table 4.158. Included is the multiple
correlation, R, of the aptitude factor scores with the measure cf problem
solving performance. The reliability estimate, rr, is the highest
correlation that a given task showed with the other two tasks.

None of the correlations appearing in Tables 4.15A and 4.15B is
very large. The apparenc difficulty is the lack of reliability of the
problem solving criterion. An alternative possibility is that the
aptitude factors interact with type of materials or number of relevant
stinulus dimensions, two factors which were collapsed for the correlational
analysis. If, for ezample, a certain factor
with performence on l-dimensional problems but negatively correlated
with performance on 3-dimensional problems the net relationship would be
near zero. The data were reanalyzed by task and by nember of relevant
stimulus dimensions. There were no indications of interactions between
these task factors and the aptitude factors.

It does seem, then, that at least one reason for small relationships
was the low reliability of the problem solving criteriom. Anderson
(1964) and Walsh {1963), in studies reviewed in Chapter 3, reported higher
reliabilities for a summary measure of problem solving than we.2 obtained
here. 1In both of the previous studies the child performed on two problems
involving the same nvmber of stimulus dimensions and thz same materials

at one sitting. Also, the swumary

Perhaps this made the difference.
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Table 4.15A

Relationskips Between Aptitude Factors and Prcblem Sclving
Performance. A. Wichin-Group Correlations

Problern , Factor

Solving
Performance I 11 111 Iv v Vi VII R Y
First task .03 .03 .06 -~.07 .28 24 ~,09 .39 <33

Third task .07 .01 .11 .18 .16 .25 .19 .41 .47
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Table 4.158B
Relationships Between Aptitude Factors and Problem Solving
Performance. B. Pooled-data Correlations

Problem Factqr

Solving
Performance I 11 I11 Iv v Vi VII R rY
FiI'St taSk ‘002 001 010 -.09 s22 024 ""003 .35 039
Third task .02 .08 .09 .13 .13 .23 .22 .39 .46
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measure employed in the correlational analysis of the data from the
previous studies was slightly different and, perhaps, somewhat more
reliable than the one used in this study.

Two factors showed modest but significant correlations with problem
solving performance, namely Spatial Orientation and Figural Adaptive
Flexibility. Both of these factors entail skill at dealing with spatial
or figural as opposed to verbal material. 1In a typical test of Spatial
Orientation, the S must select the one alternative from among several
which is identical to a sample except for a clockwise or counterclockwise
rotation. None of the problems involved precisely this skill: however, if
the analysis presented in Chapter 1 is correct, a perhaps related skill
is important for solving concept attainment problems. When selecting
instances and/or when drawing conclusions, the S must discriminate a
set of instances or potential instances in terms of one stimulus dimension
while ignoring variations along other stimulus dimensions.

Figural Adaptive Flexibility, the second factor to show moderate
correlations with problem solving performance, was defined in the present
study primarily by a match stick puzzles test. On this test, the S is
presented with complex configurations and asked, for example, to ‘take
away two sticks and leave three triangles." Aside from the fact that
both involve spatial configurations, the match stick puzzles test and
the concept attainment problems do not share obvious characteristics.

A relationship between Memory and problem solving performance had
been expected. This expectation was based on the analysis presented

in Chapter 1 (which received some indirect support in the experiment
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reported in Chaprer 5). Unfortunately, a separate memory factor did not
appear. The two tests which were supposed to define a memory factor
coalesced with several other tests to produce a factor which was
interpreted as Speed. Assuming there is some memory component to this
factor, the correlations are very low and therefore not supportive of
the hypothesis. Memory was expected to play a larger role in performance
with the pencils than with the cards and cowboys, because the pencils
are shuffled after each problem whereas the spatial arrangement remains
the same during each problem for the other materials. For what it is
worth, Factor II correlated .18 with pencil performance and only .05
with card and cowboy performance. A further difficulty is that what the
psychometician calls Associative Memory is a very impure measure of
memory since it does not exclude learning. Memory span measures, which
were not included in this study, would have been more relevant to the

hypothesis.

Summary zud conclusions

The chief conclusions of the study reported in this chapter are
as follows:

1. Given a specified set of materials and a specified number of
relevant stimulus dimensions, the particular concept to be attained
evidently has little effect on children's problem solving behavior. There
were only three significant (o = .05) effects in 27 one-way analyses of
variance. Each analysis involved six groups each of which received

a different concept. There was no apparent pattern to the three

significant effects that were obtained.
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2., Order of presentation of problem sets had a strong effect on all
four dependent variables. Problem solving performance improved from the
first to the third set of three problems.

3. One-dimensional problems were easier to solve than either 2- or
3~dimensional problems.

4., Type of materials affected only number of logically inappropriate
choices of instances per probiem. There were more such choices during
cowboy problems than during card or pencil problems, perhaps because the
“story line' employed with the cowboys led to interfering associations
(see Chapter 6).

5. There were more inappropriate conclusions, indeed, more verbal
behavicr both appropriate and inappropriate, during 3-dimensicnal probleme =
than during 1- and 2-dimensional problems. This was interpreted to mean
that positive instances play a role in controlling conclusion-drawing

and conclusion-stating behavior (see Chapter 1 and Chapter 5). Since

nore of the instances, except the focus instance, which the child
encounters during a 3-dimensional problem is pocitive, verbal behavior
is therefore inhibited.

6. Seven of the ten expected factors materialized in the components
analysis of the intercorrelation among the aptitude tests. The rotated
factors were named as follows: 1I. Verbal Comprechension, II. Speed, III.
Reasoning, IV. Ideational Fluency, V. Spatial Orientation, VI. Figural
Adaptive Flexibility, VII. Originmality.

7. Two aptitude factors--Spatial Orientation and Figural Adaptive
Flexibility--showed modest correlations with problem solving performance.
Evidently skill in dealing with spatial configucations plays a role in

performance on concept attainment problems.




: . o e i e A A 05

Anderson 108

CHAPTER 5

Effects cof the Availability of Concrete Stimulus
Objects on Children's Problem Solvingl

According to Piaget a child at the "stage of concrete operations,”
which is believed to occur from roughly seven to eleven years of age, will
be able to solve many kinds of problems so long as these involve
manipulaticn of concrete objects and reasoning about concrete objects
which are physically present. However, the child at the stage of concrete
operations is believed to be unable to engage in many forms of "abstract
thinking" particularly those entailed in logical operations and inductive
inquiry. The latter capabilities are believed to arise at the "stage
of formal operations' which, it is alleged, develops during the period
from about eleven to fourteer years of age. According to Inhelder and
Piaget (1958, p. 335).

The adolescent superimposes propositional logic on the
logic of classes and velations. Thus, he gradually
structures a formal mechanism (reaching an equilibrium point
at about 14-15 years) which is based on both the lattice
structure and the group of four transformations. This new
integration allows him to bring inversion and reciprocity
togother inte a single whole. As a result, he comes tc
control...hypothetico-deductive reasoning and experimental
proof based on the variation of a single factor with
the others held constant (all other things being cgual)....
Anderson (1964, 1965) developed a training procedure which

successfully taught first graders to solve concept attainment proviems.

lMiss Carla Cucciatti executed the research described in this
chapter during her term as an Undergraduate National Science Foundation
Fellow. Miss Cucciatti drafted the first report of the experiment.
The research was designed by the author vwhe also wrote thils report.
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Given an instance of a phenomenon the majority of the children who
received training were able to discover the necessary and sufficient
conditions for the occurrence of the phenomenon. In the course of a
problem most of the children performed few inappropriate experiments
and seldom stated false or incomplete conclusions. The behavier of
the majority of the children conformed to the strategy of varying each
factor in succession while holding all other factors constant.

Chapter 6 contains new evidence that first graders can be taught to

solve concept attainment problems at a fairly high level of proficiency.

Contrary to what one would expect on the basis of Pilaget's work, first graders

learned “hypothetlico-deductive reasoning and experimental proof based
on the variation of a single factor with the others held constant.”

In the earlier experiment (Anderson, 1964, 1965) the children were
able to solve problems involving new materials which they had not
encountered during training. However, a high level of problem solving
performance was maintained only with materials consisting of collections
of concrete objects physically arrayed in fromnt of the child. Children
whe received training dié only slightly (and not significantly) better
than untrained controls on a pendulum problem and two Chemical problems.
0. f the chemical prob’ems will be described for illustration.
Materials consisted of a four-ounce amber bottle, a watch glass, and a
set of five one-ounce dropping bottles labeled A, B, C, D, and E. Bach
bottle contained a colorless orderless liquid. Two of the bottles
contained water. The other three contained, respectively, dilute

solutions of sulphuric acid, hydrogen peroxide, and potassium fodide.
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The problem was to f£ind "which bottles you have to use to get vellow.”
The concept to be attained was that bottles B, C, and D were necessary.
The focus instance was the demonstration that when drops from each of
the five becitles were placed in the amber jar and the contents were
poured on the watch glass, the liquid was yellow. The child was
allowed to try a maximum of ten combinatioms of bottles in the attempt
to solve the problem.

There are several differences between the chemical problem which
has just been described and prcblems that imvolve collections of
concrete objects. Note first, though, that the problems are isomorphic
at a certain level of discourse. TFor both types, the optimum strategy
for solution is to study each potentially relevant variable in succession
while holding all other variables constant. One salient difference is
that in the chesmical problem the child must create or produce the
instances needed to test the relevance of factors. It is the combination
of bottles that constitutes an instance in the chemical problem, whereas
in, say, a cowboy problem each concrete stimulus object (e.g. the cowboy
on a horse with a hat but no rifle) is an instance. The chemical problem
could be made to resemble a cowboy problem if the child were provided
with thirty-two bottles, appropriately labeled, each of which contained f'
c¢ne of the thirty-two possible combinations of five ingredients each |

either present or absent. Conversely a cowboy problem could be made to

resemble the chemical problem if the child were provided with a cowboy,
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a horse, a hat, and a rifle and directed to construct the combination
ke wished to learn about. The same transformations were illustrated
earlier (p. 12-13) with the pattern vision example aund the card array.
Piaget has reascned that skill in combining materials to pfoduce
instances that are relevant for testing hypotheses entails the capacity
to “conceive combinatorial possibilities.” While h: might be able to
select appropriately from already-formed combinations arrayed in his
visual field, Piaget would not expect a child at the stage of concrete
operations to be able to conceive, and therefore to construct, a combina-
tiou appropriate to test an hypothesis. Herein lies one possible
explanation of the failure of the first graders in the original experiment
to do well on the chemical problems.
An alternative explanation, which the author favors, is that the
physical pregsence of already-formed instances facilitates problem
solving performance because the child is helped to remember what he has
learned. This hypothesis is based on the analysis of the concept
attainment problem presented in Chapter 1 (see also Chapter 6) and on
a great deal of observation of children attempting to solve problems.
A child working on a card or a cowboy problem will sometimes spontaneously
hold his {imgers on each of the instances he selects. Occasionally a
cthild will even use the fingers of one hand to mark positive instances
and the fingers of the other hand to mark negative instances. This sort
of behavicr is much more frequent on pencil problems. Many chaldren
are obscrved to place the pencils into two piles spontancously, one

for those that '"show the secret,” the other for those that do noc.
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| The evident function of marking the instances that have already been
| chosen is to enable the child to rcmember them.

At one point, in order to make pencil problems more comparable to
problems arranged with other materials, children were prohibited from
handling the pencils. A deterioration in performance was observed as
a result. Several children were instructed not to touch the pencils.
Several others were expressly directed to sort the positive instances
into one pile and the ncgative ingtances into another. The former children
performed better.

There are indications that a system of marking the instances in
some way as they are selected facilitates performance, presumably
because memory is thereby improved. On the other hand, observation of
children attempting to solve problems gives little indication that
choosing logically appropriate instances is difficelt for seven~ to
eleven-year-olds. This impression is supported by an analysis of the
1296 protocols collected during the experiment reported in Chapter 4.
At his first cholce there are seven instances the child could choose.
The procedures effectively rule out the possibility that the child will
choose the eighth instance, which is the focus. In fact the focus
instance was not a first choice in any of tihe 1296 protocols. Three of
the seven instances are logically appropriate; that is, three of the
instances are different from the focus instauce in tcrms of one factor
and the same in terms of all other factors. Consequently, by chance alone
a child would select a logically appropriate instance at his first

, choice 42.57 of the time. The observed frequency oi logically appropriate
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first choices was 93.3%Z. Only first choices were considered because

later choices could be affected by forgetting and because calculation
of the probabilities of logically appropriate choices by chance alone
become complicated for later instances.

In the present experiment, children worked pencil problems either
“on the board" or "in the head."” Under the "on the board™ conditior the
eight pencils were physically arrayed in front of the child, whereas
they were not in view under the “in the head" condition. The second
factor was whether or not the instances selected by the child were made
avallable and sorted intc piles, or “marked," to make a physical record
of choices. If children in the seven to eleven year age range are
unable to "conceive combinatorial possibilities,' then the “on the board"
condition should lead to better performance than the “in the head" g -
condition. 1If, on the other hand, the chief value of having available
instances in che form of concrete stimulus objects is to facilitate
memory, the presence of "markers” will be the important factor. The
critical comparison for differentiating the two hypotheses is between
“in the head" with markers and “in the head’ without markers. The
memory hypothesis predicts only a slight facilitation from the avail-
ability of markers when the instances are physically arrayed in front
of the child. The facilitation is expected to be only slight because
the child can remember the instances by noting their position in
the array; he need nct verbally encode the instances to remember them

(see pp. 24-25). When the problem is worked in the head, the child

must verbhally encode the instances to remember them unless markers are
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available. Verbal encoding is probably a more difficult process thah
noticing the position of an instance and verbally encoded material is
probably more vulnerable to interference. Thus, according to the

memory hypothesis, performance will be poor only when the problem is
worked in the head and no markers are available. The Piagetian hypothesis,

in contrast, predicts poor performance for in-tlie-inead problems whether

or not markers are available.

Method

Subjects. The Ss were 16 boys and 8 girls. At the time of the study,
the Ss were enrolled in a summer school in a midwestern community of

30,000 in which a large state university is located. There were 15

S8 who were entering the fourth grade the next fall and 9 who were entering

the third grade. The Ss were randomly assigned to conditions.
Procedure. The procedure was described in Chapter 2 but since
procedure is critical for interpreting the present experiment it will
be summarized again here. The materials consisted of eight pencils
displaying three attributes: 1length (6 in. or 2 in.); sharpened or
unsharpened; and presence or absence of an eraser. The female E worked
individually with Ss. An S's pacrticipation in the experiment was
k completed in a single session of from 15 te 40 min. in length.

The S8s received an oi.entation task prior tvov attempting problems.

In this task ail of the pencils were arrayed on a table in front of the
S. The E named a concept and the S was required to point to all of the

positive instances of the tonmcept. A list of 24 concepts—--consisting
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of six l-dimensional concepts, six 2-dimensional concepts, six 3-
dimensional, and six repetitions of the O-dimensional concept--were
treated in this manner. Included wcie the concepts that would later
have to be attained in order to solve problems. After each concept, E
shuffled the pencils. When S failed to identify the positive instances
of a concept, he was prompted to make a correct response and the concept
was repeated after an interval until an unprompted correct response

was made.

Each S received a l-dimensional, a 2-dimensional, and a 3-dimensional
problem. The specific concepts were randomly s=lected for each S
independently of other Sg from among the six concepts of each type
included in the orientation task. The three problems were presented in
counterbalanced orders according to a Latin square. Before each problenm,
E read the standard instructions modified so that the § was directed to
name the pencil he wished to learn about instead of pointing to it. The
$s were not permitted to touch the pencils under any of the conditions.
The E exhibited one pencil and indicated that it "showed the secret.’
The $ named pencils and attempted to state the concept. A series of
standardized prompts, described in Chapter 2, was used to keep S
performing. A problem was terminaced when the child refused > continue,
when he selected six instances without solving the problem, ov when he
solved the problem by selecting a series of instances and stating a
concept such that the instances implied the concept ‘and no other. The

E wrote protocols which were scored in the mamner detailes in Thapter

2. There were three dependent variables: number of solutions, number of
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inappropriate choices, and number of inappropriate counclusicns.?
Design. Half of the Ss received the On the Board conditiorn in ‘4
which the pencils were arrayed on a table in front of the S. The pencils |
were shuffled before each problem under this condition. The remainder
of the Ss received the In the Head condition in which the pencils were
concealed from the child's view during the course of the preblem. The
focus instance, however, was placed ou the table where it remained
throughout the problem. Within both the On the Board and In the Head
conditions, lialf of the Ss received ﬁarkers. That is, as the child
named a pencil, the E selected the pencil and placed it in a designated
rosition on the table. Positive instances, includ ag the focus instance,
were placed near the $'s ieft hand. Negative instances were placed
near his right hand. Under the No Marker condition, the pencile were
not placed iﬁto piles in the manner just described. The treatments
entailed under each of the conditions are summarized in Fig. 5.1.
The experimental conditions involved between-subject factors.
Included also were two within-subject factors, nvmiber of relevant stimulus
dimensions, and order of presentation. An incomplete analysis of
variance was calculated since degrees of freedom were at a premium.
Higher order interactions were pooled with error variance. The
Dimension X Order interaction was also pooled with error since this

interaction was thoroughly studied in the experimeat reported in Chapter &.

2The ¢ummary measure had not been developed when these data were
analyzed and the data has not yet been reanalyzed.




Anderson 117

Condition Description of Treatment

On the Board-Mirker The eight pencils are arrayed in a dis-
orderly fashion in front of the S. The E
places each positive instance named by the
S near S's left hand, and each negative
instance near $'s right hand.

On the Board-No Marker The eight pencils are arrayed in a
disorderly fashion in front of the S. |
At the beginning of the problem E places §
the focus instance near $'s left hand,
otherwise the arrangement of the pencils
is not disturbed during the course of
the problem.

In the Head-Marker At the beginning of the proLlem E places
the focus instance on the table near S's
> left hand. The E selects each peancil

| named by S from a box hidden from §'s
view. The E places these pencils in
piles, one for positive instances, near
S8's left hand, and one for negative
instances, near $'s right hand.

In the Head-No Marker At the beginning of the pzoblem, E
places the focus instance on the table
near S's left hand. No other pencils
are displayed during the course of the
problem.

Fig. 5.1. Description of treatment under each experimental conditicm.
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Results

Table 5.1 contains the means and standard deviations per problem

for the three dependent variables as a function of experimental conditilon.

Analyses of variance are summarized in Tables 5.2, 5.3 and 5.4.

There was a significant interaction between the factors defining
the experimental conditions with respect te number of inappropriate
choices. As can be seen in Table 5.1, the interaction appezred because
of the large number of inappropriate choices under the Iu the Head-

No Marker condition. While no other effects involving the experimencal
conditions were significant in the analyses of variance, the preplanned
comparisons of the In the Head-Marker condition and In the Head-No
Marker condition were made nonetheless using two-tailed t tests

? (¢ = .05, df = 10). There were significant differences in the direction
expected on the basis of the memory hypothesis for number of solutions
(t = 2.91) and number of inappropriate choices of instances (t = 3.06)
but not for number of inappropriate conclusions (t = .33).

There were significant differences in number of inappropriate
conclusions as a function of the number of relevant stimulus dimensions
defining the concept to be attained. Thz means per problem were 1.42,
1.25, and .71 for the 1-, 20, and 3-dimensional problems, respectively.
This result paraliels the result obtained in the large experiment

reported in Chapter 4.

L
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Table 5.1

Means and SDs Per Problem for Each Measure

Number of Number of
Number of Inappropriate Inappropriate
Solutions Choices Conclusions
Condition M | SDh 7& SD” M 7 SD

On the Board-Markers 50 .35 2.44 .78 1.28 .77
On the Board-No lMarkers YA 40 2.33 1.17 1.06 77
In the Head-lMarkers .50 .23 2.39 .90 94 .68
In the Head-No Markers 11 .17 3.94 . .85 1.06 49
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Table 5.2
Analysis of Variance of Number of Solutions
Source di M5 F
Between Ss
On the Board vs In the Head (P) ? .50 1.70
Markers vs No Markers (M) 1 .89 3.02
PXM 1 .50 1.70
Ss within groups 20 .29
Within Ss
Dimensions (D) 2 .10 45
DXP 2 04 .20
DXM 2 .35 1.61
. Order (0} 2 .10 45
. DXP 2 04 .20
OXHM 2 .18 .84
Residual 36 .21
Total 71
1.
*
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Table 5.3
Analysis of Variance of Number of Logically
Inappropriate Choices of Instances
Source df HS F
Between 83
On the Board vs Ia the Head (P) 1 10.89 4.11
Markers vs Mo Merkers (M) 1 9.39 3.54,
PXXM 1 12.50 4,72
Ss within groups 20 2.65
Within Ss
Dimensions (D) 2 .72 .69
bDXp 2 .06 .05
drder (0) 2 1.35 1.28
P8P 2 .18 A7
o XM 2 1.01 .96
Pegidual 36 1.05
Total 71
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Table 5.4
Analysis of Variancc of MNumber of Logically
Inappropriate Conclusions

Source daf MS F
Between Ss
On the Boayd v: In the Head (P) 1 .50 .35
Markers vs Ne iiarkers (M) 1 .06 .04
PXM 1 .50 .35
Ss within groups 20 1.42
Within Ss
%
Dimensions (D) 2 4,04 4,21
DXP 2 .29 .30
D X t'l 2 051 054
Oxder (0) 2 3.04 3.17
OXP 2 04 04
OXu 2 43 45
Residual 36 .96
Total
*
p < .05
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Discassion

The results of ﬁ?ig experiment clearly support the hypothesis
that the presence of énstancés in the form of concrete stimulus objects
facilitates problem so;ving performance of zight-~ and nine-year-olds
by serving as a memor%aida There was no support for the hypothesis
that the absence of concrete objects resulis in a deterioration in
performance because children of this age are unable to conc:ive
combinatorial possibilities and are, thesrefore, uﬁable to construct
(e.g. name the elements of) the instances logicaily required to solve
prcblems. These conclusions were further supported in a subsidiary
analysis of ti.e data.

A rationaie was presented in Chapter 2 for the subdivision of total
nurber of inappropriace choices of imstances into ineificient imstances,
redundant instances and repetitious instances. An inefficient instance
on the average yields less than the maximum attainable amount of
information. Operationally, an inefficient iustance is different from
the focus instance, or other positive instance, along more than ore
dimension. A redundant instance logically allows only a conclusion
implied by previously-chosen instances while a repetitious instance
exactly duplicates a previous instance.

Inefficient and redundant choices will occur when behavior is not
under the control of the stimuli embodying the legical constraints
in the problem. These logical constraints entail the “conception”
of the instances the cutcome of which, positive or negative, will

control conclusion-stating behavior. In other words the problem
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solver must make responses that produce stimuli that evoke correct
conclusicas. Inefficient and redundant choices, which cannot logically
lead to corrent conclusions, should occur mainly because the problem
solver cannot “conceive" appropriate instances, though late in the
problem they might occur because he could not remember his previous
choices. Presumably the only reason a problem solver would repeat

an instance would be if he could not remember that he had previously
chasen the instance or, if he remembered that he had chosen it, that
he conld not remember whether it did or did not “'show the secret.”

If the conception-of-combinatorial-possibilities hypothesis is correct,
the In the Head conditions should iead to more inefficient and redundant
choices. The memory hypothesis leads to the expectation that the Mo
Marker conditions, particularly the in the Head-No Marker condition,
will lead to a marked increase in number of repetiticus cnoices and,
perhaps. a slight increase in number of inefficient and redundant
chelces.

Table 5.5 contains mean inefficient ard redundaat choices and.
mean repetitious choices by experimental condition. The differences
among conditions in inefficient and redundant choices were not signiti-
cant. Table 5.6 contains the analysis of variance for number of
repetitious choices. Both factors and the interaction were significant.
Comparisons (¢ = .03) using the Mewman~Keuls procedure showed that
there were more repetitious choices under the In the Head-Ne Marker
condition than under any of the other chree conditions and that there

were ne differences among the latter conditions.
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Table 5.5 '
Mean Inefficient and Redundant Choices and Mean ]
Repetitious Choices per Problem by R )
Experimental Condition )
inefficient |
and Redundant Repetitious
Condition Choices Choices
On the Board-tlarkers 2.33 .11
On the Beard-No Markers 1.94 .39
In the Head-Markers 1,94 4%
In the Head-No Markers 2,58 1.67 -
— . N
-~
./
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" Table 5.6
Analysis of Variance of Repetitious Choices
; Scurce df HS F
, , ] %%
On the Board vs Iu the Head (P) 1 35.04 16.35
foske
Markers vs No Markers 1 30.3%2 14.61
PXM 1 12.04 5.79"
Ss within groups 20 2.08
Total 23
%
LR P < cOS
o,
%%
1\\ p < cOl
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It may be reasonably argued that the present experiunent did not
provide a stromg test of the hypothesis that children are unable to
conceive combinatorial possibilities. It could be maintained that
the fact that the pencils were progressively displayed under the In
the Head-Marker made the capacity to conceive combinatorial possibilities
relatively unimportant whereas both hypotheses predict poor performance
under the In the Head-No Markers condition. The telling counter-
argunment has to do with the nature of the poor performance under this
condition. The data suggest that the poor performance under the In the
Head-No Markers condition is attributable to memory failure rather
than failure in logic.

A more general reservation is that the children had considerable
experience with all of the pencils during the orientation task such
that during problem solving it was not necessary for them to “'conceive’
entirely new cc. binziions but merely to recall combinations--that is,
pencils~-which they had seen earlier. None of the data from the present
experiment permit a rebuttal to this argument.

In summary, the data strongly suggest that one function of
instances in the forw of concrete stimulus objects is to muke a physical
record of the problem solver's resvonses and accompanying stimali
associated with these responses. The performance of eight- and nine-
year-olds on concept attainment problems seems to be facilitated by
the presence of concrete stimulus objects because the objects help the

child remember what he has already done and what he has already learned.
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The data do not support the Piagetian hypothesic that instances ir the
form of concrete stimulus objects facilitace the problem solving
performance of childven because they otherwise would not be able to
conceive the instances logically needed to solve concept attainment
problems; however, there remains the pussibility that this theory would

receive support under conditioms r i included in the present ezperiment.

T
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CHAPTER 6
P Part Versus Whole Task Procedures for Teaching
| a Problem-Solving Skill to Childrenl
Fducators who have been influenced by the programed instructicen
movement take it as self-evident taat the best way co teach a complex
skill is to amalyze it into component subskills and subconcepts, then
-y teach each of these in turn. Cast in different language such an

approach is a part-task meciicd. co be contrasted with the whole-task

method in which the student is requivred to pecrform the terminal behavior
as best he can from _he very beginning of training. OSurprisiag as it

may seem to those who have been influenced by the conceptions of programed
instruction, the rescarch on complex sklil training has frequently

shown whole methods to be superivr to part methods.

The terms ''pzr:™ avnd "whole" will be used in this chapter as
shorthand words £or talking sbout the issue of how lewsthy and complicated
a segment of o task the student should be required to attempi during
instruction, espacially during the initial stages of imstruction. Part
4 methods result in low initial error rates and Jast progress, at least
at the beginning of instruction, but when account is taken of the tiue
to combine the parts, cypically the advantage for the part wethod has
been negligible at best. In the csse of rote materials, practice en

later parts (sublists) produces interference with earlier parts. This

1A version of this chapter will appear in the Journal of Educa-
tional Psvchology.

£y
8
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interference must be overcome during the combination stage. With respect

to complex skills and structured, meaningful materizl, there are coordina-

tions and interrelationships among the subskills and subconcepts that
cannot be acquired from training with the components zlone. Herein
lies one apparent reason that whole-task training has frequently proved
superior to part training in the case of complex skills.

Whether a procedure which emphasizes lengthy task segments will
prove superior to a procedure that bezins with short task segments will
surely be heavily dependent upen the manner in which the training
procedures are developed. If entering behavior is underestimated and
the steps in the part procedure are more fimely granulated and more
numerous than necessary, it may be less efficient than a procedurz in
which larger task segments are emphasized. Further, particularly when
the task analysis underlying the part procedure is incomplete, subjects
who receive the "part" or small-step procedure may fail to learn
coordinations among component skills and concepts, whereas subjects
trained from the beginning on larger segmants of the task may induce
these coordinations.

There may also be characteristics of tasks which systematically
interact with the length and complexity of the imstructional units
into which the task is divided. Naylor and Briggs (1963) have suggested
that the relative effectiveness of part and whole methods is a function
of the level of complexity and the degree of orgamization of the task.
Task "complexity" is said to refer to ‘demands on information-processing

and memory-storage capacities" while task “orgzanization” is said to
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refer to the nature and extent of the interrelationships among task
dimensions. As orpganization increases, whole methods are predicted to
be increasingly superior to part methods. Tor a highly orgarized task,
an increase in complexity (difficulty) is predicted to result in
greater superiority for the wt .le method. The part method is predicted
to be superior te the whole method only in the case in which the task
is both complex and unorganized. Naylor and Briggs (1963) completed an
experiment, using what may be called concept learning tasks, in which
it was found that the whole method was much better than the progressive-
part method on a highly organized task regardless of task complexity.
On an unorganized task, the whole method was slightly better when task
complexity was low and very slightly worse than the progressive-part
nethod when task complexity was high.

The experiment reported herein involved a comparison of a small-
step, programed part-task method and a whole-task method for teaching
children a conplex problem solving skill, the skill of varyiang each

factor iv succession while holding all other factors constant. This

%11l is a classical strategy of experimental science and it is applicabie

to a large and important class of problems (Bruner, Goodnow, and
Austin, 1956, pp. 81-125). The strategy was analyzed in detail in
Chapter 1.

Relative to the tasks employved by Naylor and Briggs (1963} the
problem-solving task used in the present experiment would have to be
regarded as highly organized. Furthermore, the task is very difficult

(complex) for seven-year-olds (Andersomn, 1965), the age of the subjects
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{Ss) in the present study. According to Inhelder and Piaget (1938,

p. 335) people do not normally acquire the skill taught in the present
experiment until 14-15 years of age. For these reasons, if Naylo: and
Briggs (1963) are correct, this should be a case in which the whole

method is vastly better than the part method.

Hethod

Materials. Three sets of materials were emplioyed. These materials
were described in detail in Chapters 1 and 2. The description will be
merely summarized here. The card array consisted of eight 2-1/2 X
3-1/4 in, cards taped in an orderly arrangement on a 16 X 18 in. Masonite
panel. The cards had figures inscribed upon them that varied with
respect to number (one figure or two figures), color (red or green),
and form (vectangle or diamond). The cowboy game consisted of eight teoy
plastic cowboys and accessories imbedded in an orderly arrangement in
a 12 ¥ 13 in. plaster of paris base. The cowboys were either standing
or riding horses, either with or without hats, and either with or without
rifiles. The final set of materials consisted of eight yellow, hexomanal
number two penciis. The pencils displayed three attributes: length
(6 or 2 in.), presence or absence of eraser, and sharpened or unsharpened.
The pencils were arrayed in a disorderly fashion on a table in front of
the §. While these three sets of materials involved different stimulus
dimensions and different “story lines" were emploved with them, an
identical problem solving task could be created with each set of

materials.
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Part~task training. Three programs, one for each of the three

sets of materials, were developed to teach children to apply the technique
of varying each factor in succession while holding all others counstant.
These programs had their origins in a free wheeling, loosely-programed
training procedure which, nonetheless, achieved considerable success
with bright fifst graders (Andersen, 1965). A modification of this
procedure, which more nearly resembled a program, was first developed
for the card array. This 133-frame version was tried with 10 second
oraders from a lower middle class, urban school. S5ix of the 10
reached an a priori criterion of correct performance on four out

of the last five frames in the program. One chilil stalled completely,
failing to complete the program. Three other children completed the
program but failed to reach the criterion. Among those who completed
the program, the error rates ranged from 6.07% to 31.6% and the mean
was 17.6%. The mean time to complete the program was 66 minutes.

A substantial revision of the card array program was completed in
which 49 frames were added, a number modified, and none eliminated.
The révised program was tried with 10 second graders from a school in
a rural community. On the last 10 frames of the program, upon which
terminal behavior was required, seven children made no errors, one
made one error, one made two errors, and one made three errors. The
error rates over the entire program ranged from .5% to 18.7% and the
mean was 8.7%. The mean time for completion was 73 minutes. A revision
was made on the basis of these data. Eighteen frames were added to
make a total of 200 and several other frames were medified. The card
array program was not used again until the experiment described in

this chapter.

- i
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The pencil program consisted of a literal translation of the card
array program. 1In each frame, a pencil word or symbol was substituted
for every card array word or symbolg Ho other modifications were wadc.
Prior to the experiment, the pencil program was run with 10 naive
szcond graders from a school in a rural community. The error rates
ranged from 1,5% té 11.0% with a mean of 6.9%. The mean time to complete
the program was 104 minutes. On the last 10 frames, six children wade
no errors, three made one error, and one made two errors. The cowboy
program was also created by a literal translation of the card array
program; however the cowboy program was not used with any children
prior to the experiment.

The final form of the programs embodied an analysis of the total
problem-solving strategy into two major subskills. The first section
of each program was designed to teach appropriate conclusion-drawing
behavior. E began by naming concepts while § poiated to all of the
positive instances of the concepts. Then the roles were reversed;

E pointed to all of the positive instances of concepts and S named

the concepts. Next, E pointed to sets of instances, some positive and
some negative, in such a way that each set defined a concept; S named
the concepts. TFor example, E might point to a long sharpened pencil
with no eraser and a short sharpened pencil with no eraser, indicating
that each of these "showed the secret,' then a long sharpened pencil
with an eraser and a long unsharpened pencil without an eraser,
indicating that the latter two did not “show the secret.” If the child

responded "the secret is sharpened with no eraser, ' he answered
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correctly. When § could correctly name seven out of eight consecutive
concepts given a set of defining instances (a criterion he was required
ts meet before proceedinz), he was then judged to have acquired a
sacisfactory approximation of the conclusion-drawing skill.

The second component in the total problem-solving skill is the
skill of selecting appropriate instances. To begin the section of the
program teaching this skill, E pointed to an instance. § was required
to pick an imstance which was different from E's instance in a specified
way but the same in every other way. For cxample, S might be instrucced
to "pick a pencil just the same as mine except that it is a different
length." After several frames invoiving the stimulus dimensions of
a task taken one at a time, S was then required to pick three instazces,
each of which differed in exactly one respect fvom the iastance
designated by E. When § reached 2 criterion of seven out of eight
consecutive correct selections of sets of three ipctzuces, lie had
mastered the skill of selecting instances.

The final section of each version of the part-task program taught
the chiid to intesrate the conclusion-drawing skill with the instance-
selection skill. In this section, the child selected a set of
instances; using the child's instance, E defined a concept: finally,
the child named the concept. HNext, E began indicating whether <ach
instance was positive or negative as soon as the child selected it,
instead of waiting until he had selected the entire set. This
latter procedure was the sawe as with che terminal problems, except that

when the child selected zn inappropriste instance he was corrected
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before being told whether the instance was positive or negative. The
child was not corrected on the 20 terminal frames, each of which
entailed a problem presented using the same procedures as were used
for tesc problems.

A standard correction procedure, not expressly described within
the program, was implemented by E vhenever $ made an error. E
created a new problem similar tc the one upon which the error was made,
toid § the answer to the new problem, and then presented the original
problem a second time. This procedure almost always prompted the correct
response.

Whole-task training. Whole-task programs were developed for

the card array, the cowboy game, and the pencil collection. The
three versions of the program were equivalent in the sense that a
systematic substitution of words and symbols would permit the literal
translation of one version inte another. The first section of the
whole-task program wze identical to the first section of the part-
task program. In this section E named concepts and § pointed to all
of the positive instances of the concepts. Thereafter, S received
terminal problems. E designated a focus instance. S8's task was to
choose instances until he could name the concept. Whenever § chose
an instance B indicated whether the iastance “"showed the secret.”

With one exception, the procedures for presenting preoblems within the

whole~training program were the same as the procedures for administering
test problems to be described in the next section. The exception

was that when § selected six instances during a training problem

4
[
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without seolving the problem E told the child the correct concept.
Feedback of this sort was not given during the last 20 training
problems nor during test problems.

The part-task and whole-task programs were equated in terms of
the total number of task-relevant overt responses required under the
assumption of error-free performance. This measure resembles measures
such as number of trials that can be applied to simple tasks. For
example, a child who behaves ideally on a terminal problem will select
three instances and state a conclusion, a total of four distinguishable
overt responses. FEach of the versions of the part~task program
required a total of 360 task-relevant, overt responses whereas each
of the versions of ithe whole-task program required 364 such responses.
The first 28 and the last 80 responses (20 terminal problems) were
the same for both programs. In between, those who received the pari~task
program were led to make a progression of 252 responses designed to
teach them a conclusion-drawing skill, an instance-selection skill,
and to integrate the two, as detailed earlier. The middle section of
the whole-iask program, on the other hand, contained 64 terminal problems
which could have been solved with 256 overt responses. It should be
emphasiced that these calculations are based on the assumption of
error-free performance. Of course, errors were made. Based on data
collected during the experiment, the typical § who received the part-
task program v:ic -n estimated 410 overt, task-relevant responses while

the typical S who received whole-task training made about 629 such

respotises.
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Procedure. The training and the test problems were presented

by three female graduate assistants, each of whom had had 15 or more
hours experience training and testing children prior to the experiment.
The author monitored one to two hours of each E's preexperimental
training and testing performance. Several staff conferences were held
in which the letter and spirvit of the procedures were detailed,
ambiguities resolved, and difficult problems discussed. In additionm,
each E had a ten-page manual giving an overviev of the experiment and
summarizing training procedures, and a seven-page manual setting
forth the procedures for administering test problems.

Each child was trained and tested by a single E. One-third of
the Ss under each treatment in the experiment were run by each E.
Training and testing sessions were scheduted to be 20 min. in length.
Unless the child was sick or some other circumstances such as a
special school program intervened, the child received three sessions
a wg:i until he completed the training and the testing. Most sessions
were conducted at three widely separated stations in a large general
purpose room in the cooperating elementary school.

For both part-task training and whole-task training there was
a mimeographed copy of the program for each child. The child did not
read the program. Rather, the program was a script that guided the
behavior of E. Except as otherwise indicated, E adheved closely to
the program, which described the stimulus $ was to see, contained the
verbatum language E was to use, and indicated the response or respunses

S was to give.
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Under both training methods E made generous use of social
reinforcement. The frequency and contingencies of reinforcement were
not expressly indicated within the programs, but instead were under
the extemporaneous control of E. Particularly with respect to the
whole~training procedure, which was quite aversive for some Ss (at
the beginning of training, especially) E was coached to maintain a
pleasant, nonjudgmental posture in the face of poor performance, and
to find every opportunity to reinforce. Overall, E probably g.ve
supplementary social reinforcement (in addition to feedback) for about
every third correct response or chain of correct responses, except
when 8 was doing poorly, in which case every correct response was
reinforced.

Presentation and scoring of test problems. The procedure was
described in detail in Chapter 2 and will not be repeated here.

An S solved a problem when he selected a series of instances and

stated a conclusion such that the instances implied the conclusion and
no other. Performance on terminal problems was scored on a three point
scale as follows: a) S solves the problem and neither makes any
logically inappropriate choices of instances nor states any incorrect
conclusions (2 points); b) S solves the problem but makes one or

more inappropriate cheoices or states one or more incorrect cenclusions

(1 point); ¢) 3 fails to solve the problem (0 points;. The teat protocols

wera punched oa cards and then scored on an IBM 1620 computer using
a program written for this purpose. The terminal problems included

within the training prozrams were scored on the same three point scale
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as the test problems. However, problems presented during training

were scored on the spot by E and only an abbreviated protocol was
written. The measure reported is percent of possible score. For ¥
example if an S solved a problem but made one or more inappropriate
choices of instances his score would be 50% on that problem.

Design and subjects. There were three treatment conditions. One

group (P) received part-task training. Another group (W) received whole- g
task training. A control group (C) received no treatment. Every S in
the former two groups received training with two sets of materials.

One-sixth of the Ss in each of the training groups was assigned to one of

the six pessible permutations of the three sets of training materials
taken two at a time. About 48 hours after completing training, Ss in
the training groups received eight test problems to assess retention. The
retention problems involved the second set of materials with which S

received training. Each control S received the retention problems during

his first experimental session. One-third of the control Ss received
problems involving each of the three .sets of materials.

About 48 hours.after receiving the reteation problems Ss received
a series of eight test problems to assess -transfer of training. The
transfer problems entailed the set of materials which. S had not
encountered during training. One~third of the control Ss recelved transfer
L problems involving each of the three sets. of materials, a different set
than was encountered during the retention problems.

With respect to both the retention and transfer problems, § received

two O-dimensional problems, two l-dimensional problems, two 2-dimensional
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problems, and two 3-dimensional problems. The order of presentation
of problems was randomized for each S independently of other Ss.

The Ss were 53 second-semester first graders from a predominantly
middle-class school located in a new housing development on the outskirts
of a Midwestern city of 30,000. These 3s were randomly selected from
among all of the first graders in the school and randomly assigned to
experimental conditions. Since the study was conducted over a three month
period, the experimental conditions were scheduled in a predetermined
random order. There were 18 Ss in Group W and in Group C but only 17
in Group P. There was to have been an eighteenth § in this group; however,
the last S to be run (who appeared to be making normal progress) had to
be dropped because of the impending end of the school year. He was
replaced by a dummy case at the céll mean to balance the design for
statistical purposes.

Classroom teachers administered the California Test of iHental
Maturity (Long Form, 1963 Revision). Unfortunately one teacher found it
necessary to terminate the examination in the middle of a subtest
because of inattention and disorderly behavior, so it is not possible
to report IQs or MAs. Raw score (not including Delayed Hemory subtest
score) means and ctandard deviations were 64.6 and 8.2 for Group P,

69.3 and 7.4 for Group W, and 66.4 and 7.0 for Group C (F = 1.77,

df = 2/52, p > .05).
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Results

Acquisition. Table 1 contains mean trainiog times. Table 2

contains mean percent of possible score on the last i2 training problems.
Table 3 presents the aralyses of variance for these nearures. Az car

be seen, Group P perfcrmed better on the problemns whercas Grsup W
completed training in a shorter period of time. Based on the estimates
of number of responses made during training, <hich were described
earlier, and the training times that appear in Table 1, it is estimated
that during training Group P made relevant, overt responses at the rate
of about 3.7 per min. The rate for Group W is estimated to have been
about 7.9 per min.

The mean training times for Group P were considerably higher than
the times obtained during preexperimental development of the programs.
Part of the discrepancy was no doubt due to the fact that second iraders
were used in most of the developmental work while £irst graders were
employed in the experiment. Also at twe poiats in the versions of
program used in the experiment S had to reach a criterion before pro-
ceeding. These criteria were not part of the preexperimental procedure.

It might be argued that if Group W had been allowed as much
training time as Group P it would have performed as well on the terminal
problems. Fig. 1 pictures performance over blocks of 12 problems for
Group W. MNotice that performance reaches an asymptote by the sixth or
seventh block on the first task. Consequently, it seems highly

improbable that further practice would have improved the performance

of Group W very much.
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Table 6.1

Mean Training Time in Minutes

First Task Second Task
Part Whole Part Whole
Materials Training Training Training Training
| a
L Cards 96.4 76.3 96.2 53.0 5
f Cowboys 144.9 93.2 81.7 65.2
f Pencils 135.9 98,2 107.7 85.2
All materials 125.7 89.2 95.2 67.8

Note.~-The SDs (estimated from }S error terms) were 25.9 for

the first task and 24.4 for the second tack.
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Table ¢.2
Mean Percent of Possible Score on the
Last Twelve Training Problems
First Task Second Task
Part Whole Part Whole

Materials Training Training Training Training
Cards 88.9% 56.9% 63.9% 57.6%
Cowboys 49.3 54,2 85.4 42.4
Pencils 84,0 43.7 81.2 63.2
All materials 74,1 51.6 76.9 54.4

Note.--The SDs (estimated from iIS error terms) were 17.3 for

the first task and 18.0 for the second task.
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There were significant differences betweea materials on the first
training task due in large part to the relatively poor performance with
the cowboys. We have observed that the story line employed with the
cowboys tends to interfere with the problem-solving of some children,
who insist that the “friends of the sheriff" must have rifles or must
ride horses. Other investigators have made similar observations
(Bruner, et al, 1956, p. 111). Evidently by the time he reached the
second task S had learned enough so that he was not distracted by the
story line.

There were significant materials effects on training time due to
the pencils. The pencils were handled by 8 and shuffled by E after each

problem. These manipulations took time.

Retention and transfer. Table 4 presents the analyses of variance
for the retention and transfer problems while Table 5 contains the means
for the two kinds of problems. In both cases there were insignificant
differences among treatments. Comparisons (@ = .01) using the Newman-
Keuls procedure indicated that on retention problems Group P was superior
to both the other groups and Group W was superior to Group C. On the
transfer problems Groups P and W were not significantly different but
both were superior to Group C.

There were significant differences in the difficulty of the transfer
problems according to the number of relevant stimulus dimensions the

problems entailed. The means were 44,9%, 49.1%, 42.6% and 32.9% for the

0-, 1-, 2-, and 3-dimensional problems, respectively. There was also
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Table 6.4

Analysis of Variance for Retention and Transfer Data

Retention Problems Transfer Problems
Source df S F MS F
Between Ss
, , R , , ek
Treatment (T) 2 103.39 €0.55 26.54 11.80
Materials (i) 2 1.01 .59, 2.06 91
TXU 4 5.42 3.18 3.10 1.38
Ss w. greouws 45 1.71 2.25
Within Js

Dimensions (D)
TXD

MXD
TXMXD

$s w. groups X D

%
p < .05

ek
o < .01
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Table 6.5

Mean Percent of Possible Score on Retention and Transfer Problems

o TS
Loy ST W,
s Y St 2

Part Training Whole Training No Training

Retention problems

i Cards 62.5% 57.3% 10.4%
Cowboys 86.5 35.4 18.8
¥ Pencils 76.1 55.2 16.7
B All materials 75.0 49.3 15.3
. Transfer problems
Cards 44.8 58.3 30.2
Cowboys 49.0 41.7 21.9
Pencils 65.6 46.9 22.9
All materials 53.1 49.0 25.0

Note.~--The 8Ds (estimated from MS error terms) were 16.3 for
the retention problems and 18.8 for the transfer problems when

scores were pooled across dimensions.
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a significant Materials X Dimensions interaction for the transfer problems,

due primarily, for reasons vwhich are not clear to the author, to the

relatively grear difficulty of the O~dimensional card problems.

Discussion

The results indicate some limits to the generality of the rule
proposed by Naylor and Briggs that whole training will be superior to
part training for "highly organized" tasks. Of course it may be that
there are characteristics of tasks, such as the amount and nature of its
organization, which systematically interact with the length and complexity
of the responses required from the subject at various stages during
training, but this is evidently a matter about which there is much to
be learned. The present author is pessimistic about the liklihood
that broad generalizations concerning method-tagk interactions will
emerge in the near future. Too much depends upon the specific features
of the methods and the details of implementation of these features.

Both informal observation and the objective data suggest that in
the present study Ss who received whole training did not acquire a
systematic instance-selection skill, or, at least, that they did not
acquire the same skill as was acquired by most Ss who received part
training. The whole group made a mean of 1.88 logically inappropriate

: choices of instances per retention problem, wbereas the mean was 1.08
for the part group (t = 3.19, df = 33, p < .01l). Furthermore, there is

reason to believe that there were qualitative differences in the

conclusion~drawing behavior of the two groups. Most Ss in the part group
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learued to draw conclusions based on a restricted set of instances
containing only the minimal information logically necessary to solve
the problem. £ in the whole group seldom gave conclusions until they
had selected a larger-than-logically-necessary set of instances. The
typical S iun Group W rapidly and, seemingly, haphazardly selected
instances until a conclusion occurred to him. Host Ss ia Group P, on
the cther hand, selected instances slowly and their behavior usually
conformed to the method of varying each factor in succession while
holding all other factors ccunstant. At the point at which just enough
information was available logically to solve the problem, the typical S
who received part training usually offered a conclusion. The marked
differences between Groups P and W in rate of response during training
can be traced to the contrasting patterns of behavior typical of Ss in
the two groups.

It seemed possible that children who received part training would
be able to solve a high percent of the problems created with a new set
of materials. Obviously this did not happen, indicating the need for a
more refined method of producing generalized stimulus centrol (Anderson,
1965).

Group P did not do as well as would be expected on the basis of the
preexperimenctal data, probably because of the fact that first graders

participated in the experiment whereas second graders were employed

during program development. Actually the part procedure was successful

with the majority of the first graders. Of the 17 Ss who completed

part training, 11 scored 807 or better on the retention problems and




Anderson 152

only three scored below 50%Z. The latter three fell at the bottom of

the distribution of aptitude test scores.

Unnecessarily smzll and redundant steps and failure to provide for
integration of subskills and concepts may be shortcomings of any
particular lesson employing a small-step procedure. The guidelines for
lesson development which have emerged from the programed instruction
movement have not been demonstrated to guard against these shortcomings;
indeed, it is possible that such deficiencies, particularly unnecessary
redundancy, are endemic in currently available small-step, programed

lessons. In the present instance, a small-step procedure worked

relatively well. Whether a small-step, programed procedure would con-

sistently prove best in other instances remains to be seen.
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CHAPTER 7

Summary

A classical strategy of experimental science is to vary, manipulate,
or study each of the potentially relevant variables in succession
while holding all other variables constant. This strategy, in simple
or complex form, is the optimum method for solving a large aud socially
important class of problems, including problems in scientific inquiry,
medical diagnosis, and the‘troﬁble shooting of cquipment malfunctions.
One easy-to-study representative of this class of problems is the
concept attainment problem. The subject (S) is shown a positive
instance (i.e. an example) of a concept called the "focus instance.”
He then chooses instances. At each choice he is informed as to whether
the instance is positive or negative. As soon as he is sure he knows,
the S names the concept. This report contains a theoretical and
experimental analysis of children's behavior on concept attainment
problems.

A standardized procedure was developed for administering concept
attainment problems to children in the six to ten year age range. In
all cases an experimenter (E) worked with a single § at a time in
sessions that were usually about 20 min. in length. The E read
directions, indicated the focus instance, gave feedback as to whether
the instances the S chose were positive or negative, gave one or
another of a series of standardized prompts necessary to keep S
performing, and decided when the problem should be terminated. The E

wrote a protocol indicating in coded form the instances S selected,

e v

gl
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the conclusions S stated, and the behavior of E in the sequence in
which these events occurred. The protocols were content analyzed using
a computer program prepared for this purpose. Three basic weasures

of problem solving performance were employed. The first was number of
problem solutions. An § solved a problem if he selected a series of
instances and stated a conclusion such that the instances logically
implied the conclusion and no other. The sacond measure wias number of
logically inappropriate choices of instances while the third was number
of logically inappropriate conclusions. A summary measure represented
problem sclving performance with a single score: a) the S svlved the
problem and neither made inappropriate choices nor stated inappropriate
conclusions, b) the S solved the problem but made one or more
iuappropriate choices or conclusions, c) the S failed to solve the
problem.

The first experiment investigated both task factors and aptitude
facters. A sample of 144 fourth graders completed nine concepr attainment
problems and also a battery of 24 aptitude tests. The task factors
investigated were order of presentation, type of materials, and number
of stimulus dimensions defining the concept to be attained. Also
investigated were the difficulty of specific concepts,given the

aterials,and number of relevant stimulus dimensions. Experimeanter
and school were replication factors. The chief results and conclusions
of this study were as follows.

1. Given a specified set of materials and a specified number of

relevant stimulus dimensions, the particular concept to be attained
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evidently has little effect on children's problem solving behavior.
There were only three significant (a = .05) effects in 27 one-way
analyses of variance. EFEach analysis involved six groups,each of which
received a different concept. There was no apparent pattern to the
three significant effects that were obtained.

2. Order of presentation of problem sets had a strong effect on
all four dependent variables. Problem solving performance improved
from the first to the third set of three problems.

3. One-dimensional problems were easier to solve than either 2-
or 3-dimensional problems.

4, Type of materials affected only number of logically inappropriate

choices of instances per problem. There were more such choices during

cowboy problems than during card or peuncil problems, perhaps because |
the “story line"” employed with the cowboys led to interfering associa- ;
l
tions. j
5. There were more inappropriate conclusions, indeed, more verbal i
behavior both appropriate and inappropriate, during 3-dimensional i
problems than during 1l- and Z-~dimensional problems. This was inter-
preted to mean that positive instances play a role in controlling
conclusion~drawing and conc}usion—stating behavior. Since none of the
instances, except the focus instance, which the child encounterd during

a 3-dimensioral problem was positive, verbal behavior was thercfore

inhibited.

6. Seven of the ten expected factors materialized in the components

analysis of the intercorrelations among the aptitude tests. The rotated
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factors were named as follows: I. Verbal Comprehension, II. Speed,
III. Peasoning, IV. Ideational Fluency, V. Spatial Orientation, VI.
Figural Adaptive Flexibility, VII. Originality.

7. Two aptitude factors--Spatial Orientation and Figural Adaptive
Flexibility-~showed modest correlations with problem solving performance.

Evidently skill in dealing with spatial configurations plays a role in

performance on concept attaimment problems.
A second experiment investigated the effects of concrete stimulus

objects on children's problem solving behavior. A Piagetian hypothesis

is that concrete stimulus objects are important for the problem solving
performance of children in the seven to eleven year age range .ccause

f children of this aje are unable to “conceive combinatorial possibilities.”
E Consequencly, if instances in the form of concrete stimulus objects

are not available the child will be unabl: to select or construct
instances logically appropriate to solve concept attainment problems.

An alternative hypothesis, based on the anazlysis and data of this

project, is that concrete stimulus objects are chiefly important as a
memory aid; the objects help the child to remember what he has already

learned. A sample of 24 third and fourth graders worked three pencil

problems either "om the board,” in which the pencils were arrayed
in front of the child, or "'in the head,"” in which the pencils were
concealed from the child's view. Undar each condition, half of the Ss

received Markers. That is, each pencil named by S was selected by E

and placed in view. The remainder receivéd the No Markers condition.

* Consistent with the memory hypothesis, but not the Piagetian hypothesis,
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the In the Head-No Markers group showed significantly more inappropriate

choices and significantly fewer solutions thau the In the Head-Markers
group, whereas the In the Head-Markers group was not different from the
two On the Board groups. A further, fine-grained analysis suggested

that the poor performance of the In the Head-MNo Markers group was
attributable to memory failure rather than logical failure. An incidental
result was that there were fewer inappropriate conclusions during 3-
dimensional problems than during l- and 2-dimensional problems,

confirming the result obtained in the preceding experiment.

A third experiment compared methods of teaching children to solve
concept attainment problems. Because of the programed instruction
movement, it is widely belisved that the optimum way tc teach a complex
skill is to analyze it into component skills and concepis zud then
teach each of these in turn. Put in other terms this is a ‘“part-task’
method to be contrasted with a “whole~task’ procedure in which the
learner attempts the total skill early in training. The literature
suggests that the whole-task procedures are better than part-task
procedures particularly when a highly organized skill is being taught.
Nonetheless, there is reason to believe that a programed part-task
procedure might lead to better performance than an appropriate whole-
task procedure even with respect to highly organized skills, provided
that the part method is based on an adequate analysis of the task that
takes account of the relationships among component skills. A part-task
program was developad in a lengthy process of tryout and revision.

The whole~task program included the same introductory and terminal
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frames as the part~task program but the middle portion contained 84
terminal problems. These problems could be solved with 256 task-relevant
responses whereas thosc who received the part-task program were led

to make a progression of 252 overt responscs designed to teach them a
conclusion-drawing skill, an instance-selection skill, and the integration
of the two into a total skill. Groups of 18 first graders received

either part-task or whole-task training with two sets of materials.

Later these two groups, and a third group which received no training,

got problems involving materials included during training to assess

retention and problems from matcrials not included during training to
assess transfer. On retention problems the part-task group did

significantly better than the whole-task group which was in turn

significantly better than the no-training group. The mean score on the

summary measure of problem solving was 75% for the part-task group,

indicating that the average child who received this form of training
could solve three out of four problems presented to him without making a

single logically inappropriatc choice of instances or a single logically

inappropriate conclusion. Those who received whole-task training showed
improvement but there was a rather low ceiling under this method. On

the fourth block of 12 training problems whole~task Ss averaged 49%

R TN e ST R

of the possible score while they averaged only 54% on the l4th block.

Both the part-task and whole-tack group performed significantly better
on the transfer problems than did the no-training group; however, there
was no difference between the former two groups. The results of this

experiment confirm Anderson's (1964, 1965) earlier finding that,
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contrary to prominent developmental theories, first graders can develop
a high level of skill at solving complex problems said to involve
hypothetico~deductive reasoning. The experiment further showed some

limits to the generalization that whole-task methods will be superior

to part-task methods for highly organized skills.

Q o B
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APPENDIX 1
CONTENT ANALYSIS PROGRAMNM
CARDS
DIMENSION 1TASK(2), J(61), ITRILI(6), 1TRIL2(6), ITRIL3(6),
1 VIRILE(6), 1TRILS(6), I1TRILG(6), ICCEP(S)
2 \FELD1(S), IFELD2(5), IFELD3(5); IFELDE(5Y,
3 ~ 1FELDS(5), IFELD6(5), IFELD7(5), A(6), AA(6), JJ(11)
c THE FIRST CARD MUST SAY PRINT OR PUNCH, STARTING IN COLUMN ONE

READ 9500, |

9500 FORMAT{1X, Al )
|F(1-5900)9501,9503 , 9504

9501 PRINT 9502

9502 ‘agRgﬁ%'gGZHTHE FIRST CARD MUST SAY PRINT OR PUNCH, STARTING IN COLU
GO TO 9999

9503 lPRlNT:‘
GO TO 9505

9504 (PRINT=2

9505 I1SKIP=1

4002 IFIELD=0

c o MAIN LOOP
DO 4100 LOOP=1,100 |
c FIELDS —— USE (IFELDN(IFIELD), |IFIELD=1,5)
ALOOP=L00P *

FLOOP=LOOP/5 |
IF((ALOOP/50)-FLOOP)3519,6005,6000
6000 IFIELD=1+IFIELD
" go 7o {56001,6002,5003,6004), IFIELD
6001 READ 1, A, J |
1 FORMAT{1X,A3,A1,A3,Al,A3,A3,1X,61A1)
1F(J(13)-7100)5058, 9549, 5060 |
5060 GO TO (9554,6001), ISKIP |
9545 IF(LOOP=-1)9551,9551,9550
9560 GO TO (9560,9562), | PRINT
9560 IF(1TRIAL-6)9561,9551,9551
9561 PRINT 1002
| GO TO 9551 | 3
p 9562 1F(1TRIAL-6)9563,9996,9396
@ 9563 | | TERM="! | TERM+1 J
| 9996 IUNNEC=| INEFF+IREDUN+IREPET
| INAPP= 1 CONB I+ } NCON+1 VM+1 VPR
EXBEH= | P14+1 P2+ P34 1M1 4 IM241M3+1E 141 E2+| P
PUNCH 9555, 7AA,(JJ('),|=‘,5),(JJ(|),':7,11),|EFF3€, - g
1 VINEFF . IREDUN, IREPET, ICONG, 1 INCON, | VM, IVPR, IP1,1P2,1P3, 1M1,
iM2, 143, 1E1, 162, I PW, IRC, | | TERM, ISOLVE,, IUNNEC, | INAPP,
|EXBEH
9555 ~FORMAT(1HS,A3,A1,A3,AL,A3,A3,1X 5A1,1X,5A1,1X,2211,12)
¢ THE FOLLOWING VARIABLES STORE TRIAL DIFFERENCES
9551 DO 4003 1=1,6
ICCEP(1)=0
1TRILL (1)=0
4003 1TRIL6(1)=0
ICCEP(7)=0

W N




9552
9564

9553
9554
9997
9990

6002

6003

ICCEP(8)=0
ICHANG=1
ICONC1=0
1CONC2=0
ICONC3=0
ICONCL=0
I TRIAL=0
IVERBL=0
IEFFI1C=0
I INEFF=0
IREDUR=0
IREFET=0
ICONBI=0
I iNCON=0
1 YM=0
| VPR=0
1P1=0
1P2=0
1P3=0
IM1=0
IM2=0
1M3=0
1E1=0

1E2=0

| PW=0

IRC=0

1§ TERM=0

ISOLVE=0

ILEFT2=8

GO TO (9552,9554), 1 PRINT
PRINT 9564

FORMAT(///)

FRINT 9553,A(3),A(6),(J(1),1=1
FORMAT(SX, 10H1D  NUMBER ,A3, sx
19HFOCUS 1S ,5A1)

1SKI P=1

DO 9997 1=1,6

AA(! )=A(1)

DO 9998 1=1,11

JJ(i)wJ(l)
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C DECODE THE FIRST COLUMN OF THE CONCEPT FOR THE CARD TASK
g (COLUMN 20)
C

AND LET US CHECK TO SEE IF THE TRIAL SIGN WAS CORRECT WITH
* RESPECT TO THE CONCEPT
6006 1F(J(1)-4200)9099,3002,13
9099 I1CONCY=1

IWAS1=2

IWAS2=2

IWAS3=2

| GO TO 40

3002 1CONC3=1
| GO T0 33 |
| 13 IF(J(1)-4400)3501,3003, 14
| 3003 1CONC3=2
| GO TO 33
;‘ 14 IF(J{1)~4700)3501,3004,15
| 3004 1CONC2=1

It A e S e a2

| GO T0 20

- 15 IF(J(1)-5900)3501,3005, 10
3005 1CONC2=2

GO 70 20

10 1F(J(1)-7100)3501,3000,11

| 3000 IcoMCI=1

; GO TO 20 | |

| 1 IF(J(1)-7200)3501,3001, 350}
3001 1CONC1=2

C DECODE THE SECOND COLUMN OF THE CONCEPT FOR THE CARD TASK
» (CoLumMN 21)
20 I1F(J(2)-4700)21,201,202

| 201 ICONC2=1

F GO TO 30

| 202 ICONC2Z=2

: GO TO 30

; 21 1F(J(2)-4200)33,22,23
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402
L1
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412
421
L22
100
1000
1494

1495
1002

1496
1497
1498

1CONC3=1 166
GO 70 33
| CONC3=2
GO TO 33
DECCDE THE THIRD COLUMN OF THE CONCEPT FOR THE CARD TASK
(CoLuMN 22)
17(2(3)-4200)33,31,32
1CONC5=1
GO 70 33
ICONC3=2
GO 70 33 |
NOW THE CONCEPT (1-3 DIMENSIONS) 1S CODED IN ONES AND TWOS.
NOW CHECK TO SEE WHICH DIMENS1ONS WERE USED
WAS THE FIRST DIMENSION USED
IF(1CONC1)3502, 35,34
IWAS1=1
GO TO 36

IWAS1=2
 WAS THE SECOND DIMENSION USED
IF(1CONC2)3502, 38,37
IWAS 2=1
GO TO 39

IWAS2=2
~ WAS THE THIRD DIMENSION USED
LF(1CONC3)3502, 392,3S:
IWAS3=1
GO TO 40
IWAS3=2 f
DECODE THE FOCUS FOR THE CARD TASK (COLUMNS 26-28)
IF(J(7)-7100)3503, 401,402
|FOCS1=1
GO TO A1
[FOCS1=2 /
IF(J(8)-4700)3503.411,412
IFOCS2=1
GO TO 42
IFOCS2=2
IF(J(9)-4200)35C3,421,422
IFOCS3=1
GO TO 100
IFOCS3=2
GO 70 100 |
LOOK FOR A TRIAL NUMBER, BUT FIRST LOOK FOR A ELANK
IF(1FELD1 (IFIELD)Y)L102,1000,1499
ISKIP=2
GO TO (1494,1496),1PRINT
L F(1 TRIAL=6)1495, 5001, 4001
PRINT 1002 S
FORMAT(44HEXPERIMENTER TERMINATED THE PROBLEM TOO SOON)
GO T0 40O T
IF(1 TRIAL=671457,1493,1498
| | TERM=1 | TERM+1 |
IUNNEC=1 | NEFF+|REDUN+IREPET
| INAPP=1CONB I+ | NCON+1VM+1 VPR

IEXBEH=1P14|P2+1 P3+IM1< IM2+IM3+1ET+IEZ+I PW
PUNCH 9555,A, o (I1),1=1,5),(3(1),1=7,11), L EFFIC,
1 | INEFF, IREDUN, IREPET, ICONBI, | INCON, 1VM, IVP L IP1,1P2,1P3, 1M
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2 IM2, IM3,1E1,1E2, IPW, IRC, | | TERM, I SOLVE, IUNNEC, | INAPP, I
3 |EXBEH
GO TO L4001
c DECODE A FIELD FOR THE CARD TASK
1499 IF(IFELDI(IFIELD)-7100)106,101,1500
1500 iF(lFELDi(iFlELD)a?ZOD)#iOZ 101 1501
1501 IF(lFCLDl(iFlELD)-?BOO)uioz 101 1502
1502 |F(|FEL01(lFlELD)—?hoo)hioz 101 1503
1503 lF(lFELDi(IFIELD)=7500)Q102 101 1504
1504 lF(leLDi(IFIELD)~7600)4102 101 4102
C TRANSFER TO 101 INDICATES THIS WAS A TRIAL
101 1 TRIAL=1TRIAL+1
IF(IFLLDZ(IFIELD)a7l00)35Oh 1011,1012
1011 ITRILT £1TRIAL)=1
GO TO 102
1012 ITRILT (ITRIAL)=2
102 IF(lFELDg(IFIELD)—h?OO)JSOh 1021,1022
1021 ITRILZ (ITRIAL)=1
GO TO 103
1622 1TRIL2 (ITRIAL)=2 |
103  IF(IFELD4(IFIELD)-4200)3504,1031,1032
1031 ITRIL3 (ITRIAL)=1
GO TO 104
132 1TRIL3 (ITRIAL)=2
104 IF(IFELDS(IFIELD)-1000)3504, 1041, 1042
1041 1TRILY (ITRIAL)=1
GO TO 3007
1042 1TRILY (ITRIAL)=2
C NOW SET AN INDICATOR -~ ONE FOR PLUS, TWG FOR MINUS.
3007 ICHECK=1
3008 GO TO (3009,6007), IWAST
3009 IF(ICONC1eITRIL1(ITRIAL))3010 6007,3010
3010 ICHECK=2
6007 GO TO (3011,6008), IWAS2
3011 IF(ICONCZ-ITRILZ(ITRIAL))3012 5008,3012
3012 ICHECK=2
6008 GO TO (3013,3015), IWAS3
3013 IF(ICONCB—ITRIL3(ITRIAL))301h 3015,3014
3014  ICHECK=2
c NOW CHECK THE SIGN
3015 IF (ICHECK - ITRILL (ITRIAL)) 3016, 1050, 3016
| C IF CONTROL REACHES 3016 THEN THE TRIAL WAS MISCODED.
| 3016 PRINT 3017, ITRIAL | | | |
r, 3017 FORMAT (6HTRIAL ,11,51H WAS MISCODED BY THE EXPERIMENTER OR THE K
| 1EYPUNCHER)
| PRINT 1,A,J
ISKIP=2
. GO TO 4001 |
| C TRIAL EVALUATION
C THE CONCEPT TABLE IS AS FOLLOWS |
c ICCEP(1) CONTAINS NONE OF THE ATTRIBUTES (1.E. ALL ELEMENTS)
c ICCEP(2) CONTAINS ONLY THE FIRST ATTRIBUTE
C ICCEP(3) CONTAINS ONLY THE SECOND ATTRIBUTE
C ICCEP(L) CONTAINS ONLY THE THIRD ATTRIBUTE |
c ICCEP(5) CONTAINS THE FIRST AND SECOND ATTRIBUTES
C ICCEP(6) CONTAINS THE FIRST AND THIRD ATTRIBUTES
c ICCEP{7) CONTAINS THE SECOND AND THIRD ATTRIBUTES
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4273
4274

C

4275
4277
4278
L4279
4280

4276
1101

1102

ICCEP(8) CONTAINS ALL THREE ATTRIBUTES 163
HOW MANY CONCEPTS ARE ON THE TABLE

ILEFT1=0

D0 4006 1=1,8 7
ICCEP(1)=0 FOR ON THE TABLE, AND ICCEP(1)=2 FOR OFF THE TABLE
IF (ICCEP(1)) 3513, 4005, 4006

JLEFT1=ILEFT14+1

CONT I NUE |
NOW ILEFT1 CONTAINS THE NUMBER OF CONCEPTS REMAINING ON THE TABLE
WHICH ATTRIBUTES WERE CHANGED IN GOING FROM THE FOCUS

TO THE TRIAL

IF(IFOCST1-ITRILT(ITRIAL))1122,1121,1122

IATBT1=1

GO TO 1123

IATBT1=2

IF (1FOCS2 - ITRIL2 (ITRIAL)) 1125, 112k, 1125

IATBT2=1

GO TO 6036

IATBT2=2 -

iF (1FOCS3 - 1TRIL3 (ITRIAL)) 1127, 1126, 1.27

IATBT3=1

GO TO 1128

1ATBT3=2

NOW WE KNOW WHICH ATTRIBUTES WERE CHANGED IN GOING FROM THE FOCUS
TO THE TRIAL

LOOK TO SEE IF THE TRIAL WAS POSITIVE OR NEGATIVE
IFCITRILL(ITRIAL)=-1)3517,1129,1100

TRANSFER TO 1100 INDICATES THE TRIAL WAS NEGATIVE.

WE MUST NOW DELETE ALL CONCEPTS IN THE TABLE THAT DO NOT CONTAIN
AT LEAST ONE (OR SOME OR ALL) OF THE ATTRIBUTES CHANGED

DEVELOP BRANCHING FOR TWO AND THREE VALUE CHANGES

JOFRNC=0

GO TO (4271,4270),1ATBT!

JDFRNC=JDFRNC+1

GO TO (L4273,4272),IATBT2

JDFRNC=JDFRNC+2

GO TO (4275,4274),1ATBT3

JOFRNC=JDFRNC+4

NOW BRANCH - | |

Go 70 (L276,4276,4277,4276,4278,4279,4280),JDFRNC

ICCEP(1)=2
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0 1129 INDICATES THE TRIAL WAS POSITIVE. |
W DELETE ALL CONCEPTS IN THE TABLE THAT CONTAIN THE !
S) CHANGED. |
1, 1130), IATBTI

WE MUST
ATTRIBU
GO TO (
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HOW MAN ONCEPTS REMAIN ON THE TABLE

ILEFT2 A

DO 4008 1=1,8

IF (1CCEP(1)) 3513, 4007, 4008

ILEFT2=ILEFT2+1

CONT!NUE

NOW ILEFT2 CONTAINS THE NUMBER OF CONCEPTS REMAINING ON THE TABLE |
AFTER THE LATEST DELETION

NOW WERE ANY CONCEPTS ELIMINATED BY THE TRIAL

\F (ILEFTI-ILEFT2) 4043, 4009, L4022

IF CONTROL REACHES 4009 NG CONCEPTS WERE ELIMINATED

NOW WAS I T REDUNDANT OR REPETITIOUS (WAS THERE A DUPLICATION)
IT WILL HAVE DUPLICATED THE FOCUS IF 1ATBT 1,2, AND 3 ARE
IF (1ATBT1-1) Lok, 4LO1O, LO1L

IF (1ATBT2-1) nouu LO11, LO14

IF (IATBT3-1) uouu u012 Loty

(THEY ARE ALL ONE IF WE REACH 4012)

GO TO (9507,9508), IPRINT

PRINT L4013, 1 TRIAL |

FORMAT (6HTRIAL ,11, 16H WAS REPETITIOUS)

I RE PE T= | REPE T+1

GO TO L0OO

(1T DID NOT DUPLICATE THE FOCUS, SO CHECK 1T AGAINST THE
PRECEDING TRIALS)

DO 4018 i=1, 1TRIAL

ARE WE COMPARING THE TRIAL TO ITSELF

IF (1-1TRIAL) LO15, 4018, 4015

NO
IFCITRILT(1)=1TRILT (I TRIAL ) )4018,4016,4018

it =< \-ﬂ—rvv b Y N Y —luvv




4016
4017
C

¢
4018

9509
4019
9510

¢
4020
9511
4021
9512

C
C
L022

L4023
LO2L
L025
4026
L0z7

c
4028

C
4029
9513
4030
9514
¢

c
4031
4053
c
4032
4033
4031
4035
4036
4037
C
4038
c
4039
9515
04O
9516
Lok
c

C
C

ST e W e Ay et e T

IF (1TRIL2(1) - ITRIL2(ITRIAL)) 4018, 4017, LO18 170
IFCITRIL3 (1) -1 TRIL3 (1 TRIAL ))4018,4020, 4018

IF CONTROL REACHES 4018 THEN A DUPLICATION DID NOT OCCUR
THEREFORE THE TRIAL WAS REDUNDANT

CONTINUE

GO TO (9509,9510), IPRINT

PRINT 4019,1TRIAL

FORMAT(GHTRIAL , 11,144 WAS REDUNDANT)

| REDUN= | REDUN+1

GO TO 4000 |

IF CONTROL REACHES 4020 THEN A DUPLICATION DID OCCUR
GO T0 (9511,9512), IPRINT

PRINT 4021,1TRIAL

FORMAT(6HTRIAL ,11,16H WAS REPETITIOUS)

| RE PE T= | RE PE T+1

GO TO 4000

AT LEAST ONE CONCEPT WAS ELIMIMATED IF CONTROL REACHES 4022
COMPARE WITH THE FOCUS

IDIFFR=0

IF(1ATBT1-2)k024, 4023 ,4023

IDIFFR=1DIFFR+1 o

IF(1ATBT2-2)4026,4025,L4026

IDIFFR=1DIFFR+1

tF(YATBT3-2)4028,4027,4028

1DIFFR=1D1FFR+}

DID MORE THAN ONE VALUE CHANGE
IF(1D1FFR-1)40O45, 4029, 4031

ONLY ONE VALUE CHANGED

GO TO (9513,9514), i PRINT

PRINT L4030, | TRIAL |

FORMAT(GHTRIAL ,i1,14H WAS EFFICIENT)
IEFFIC=IEFFIC+1

GO TO 4000

f
x e e

B e———.
« s oy

MORE THAN ONE VALUE CH2NGED, SO CHECK AGAINST SUCCESSIVE POSITIVE |

TRIALS

DO 4041 =1, 1 TRIAL

PO TRILL() ) =1 Y5054, 4053, 4041

ID1 FFR=0

0O NOT COMPARE A TRAIL TO ITSELF
F(I-1TRIAL)A032, 4041 ,4032
FOITRILT(1)-1TRILT( 1 TRIAL))4033,4034,4033
DIFFR=1DIFFR+1 ‘ .
FOITRIL2(1) =1 TRIL2{1 TRIAL))4035,4036,4035
DIFFR=1DIFFR+1 | N
FOITRIL3(1)-1TRIL3(ITRIAL))L037,4038,4057
IDIFFR=IDIFFR+1

NOW CHECK TO SEE IF ONLY ONE VALUE CHANGED
i F(1DYFFR=1)4046, 4039, 40L1

ONLY ONE VALUE CHANGED

GO V0 (9515, 9516),iPRINT

PRINT 4040, 1TRIAL |

FORMAT(GHTRIAL ,11,144 WAS EFFICIENT)
IEFFIC=1EFFIC+1

GO TO 4000

CONT i NUE

iF CONTROL REACHES HERE ALL TRiALS DIFFERED BY MORE THAN ONE VALUEN

OR ALL PRECEDING TRIALS WERE NEGATIVE
(THEREFORE THE TRIAL WAS INEFFICIENT)




GO TO (9517,9518), IPRINT 171
PRINT L4OL2, I TRIAL

FORMAT(GHTRIAL ,11,16H WAS INEFFICIENT)

| INEFF=1 I NEFF+1

GO TO 4000

wviowm
—s,p.—s
QO I~

NON-TRIAL EVALUATION
TRANSFER TO 106 INDICATES THIS WAS NOT A TRIAL,
1.E. IT IS EXPERIMENTER RESPONSES, RC, VERBAL
o BEHAVIOR, VM, OR VPR.
\F(IFELD1(1FIELD)-5900)108,6037,110
7 GO 7O (9519, 9520),1PRINT
9 PRINT 6033
6038 FORMAT(27HSUBJECT REFUSES TO CONTINUE)
GO TO 4001
9520 IRC=1RC+1
JUNNEC=1 | NEFF+i REDUN+{REPET
| INAPP=1CONB1 -+ | NCON+1 VM+ | VPR
IEXBEH=i P141P241P3+ 1M1+ 1M2+ IM3+1E 141 E2+41 PW

PUNCH 9555,A, | (J(1),1=1,5),(J(1),1=7,11), IEFFIC,
1 | {NEFF, IREDUN, IREPET, ICONBI, | INCON, VM, VPR, IP1,1P2,1P3, M1,
2 IM2,1M3,1E1,1E2, 1 PW, IRC, | | TERM, I SOLVE, IUNNEC, | INAPP,
3 \EXBEH
GO TO L4001
C TRANSFER TO 108 INDICATES THIS WAS AN EXPERIMENTER
C RESPONSE
108  IF(IFELDV(IFIELE)-5400)130,131,132
C TRANSFER TO 110 iNDICATES THIS WAS VERBAL BEHAVIOR,
¢ VM, OR VPR
110 IVERB1=0
| VERB2=0
| VERB3=0 |
IF(IFELD2(I1FIELD)-7100)112,4400, 4401
4400 |VERB1=1
GO TO 120
4401  IVERB1=2
GC TO 120 |
C TRANSFER TO 112 INDICATES THIS WAS VM OR VERBAL BEHAVIOR (BUT NOT
C ONE OR TWO) :

112 {F(IFELB2(IFIELD)-5700)114,4302,4304

4302 GO TO (9521, 9522), IPRINT

9521 PRINT 4303 f . o
4,303 FORMAT(LOHSUBJECT GIVES A VERBAL POINTING RESPONSE)

G522 |VPR=|VPR+1

GO TO 4000
4304 |VERB2=2 ,

GO TO 120 | ¥
C TRANSFER TO 114 INDICATES THIS WAS VM OR VERBAL BEHAVIOR (BUT NOT
C RED, ONE, OR TWO OR V.P.R.) :

114  IF(IFELD2(IFIELD)~L700)115,4305,4306
4305 |VERB2=1

GO TO 120
4306 GO TO (9523,9524), | PRINT
9523 PRINT 4307 -
L307 FORMAT(33HSUBJECT GIVES IRREGULAR STATEMENT)
9524 | VM=|VM+1

GO TO 4000 2

C TRANSFER TO 115 INDICATES THIS WAS EITHER BOXES OR CIAMONDS OR ALLR
115  IF(IFELD2(IFIELD)-4200)9101,4308,4309




9101
C

4308
4309
c

120
L4207

4208

4209
L210

L4211

L4212
L4213

21k
C
125
4215
k216

4217
4218

L4219

4220
4221

4222
c

4250
L2561
4252

C
4253
L4256

9525
4257

9526

172

| VERB4=1

'S THIS VERBAL BEHAVIOR--ALL-~-THE SAME AS THE CONCEPT

| F( | VERB4~1CONCL) 4260, 4253, 4260

I VERB3=1

GO TO 120

| VERB3=2

LOOK FOR SECOND DIMENSION IN VERBAL BEHAVIOR

IF(IFELD3 (IFIELD)-7100)4209, 4207, 4208

IVERB1=1

GO TO 125

IVERB1=2

GO TO 125 |

IF(IFELD3(IFIELD)-4700)4212,4210,4211

| VERB2=1

GO TO 125

| VERB2=2

GO TO 125 o ,

IF(|FEL03(|FtELD)-uZOO)uzso,uzia,uzih

| VERB3=1

GO TO 125

| VERB3=2

GO TO 125

LOOK FOR THIRD DIMENSION IN VERBAL BEHAVIOR

iF(iFELDS{IFIELD)--7150)4217,L215 U216

IVERB1=1

GO TO L4250

|VERB1=2

GO TO 4250 B |

iF(IFELDE( 1 FIELD)-4700)4220,4218,4219

| VERB2=1

GO TO 4250

\VERB2=2

GO TO 4250 o

IF (I FELDR(IFIELD)-4200)4250,4221,4222

I VERB3=1

GO TO 4250

I VERB3=2

GO TO 4250 |

IS THE VERBAL BEHAVIOR THE SAME AS THE CONCEPT

IF( 1 VERB1-1CONC1)4260,4251,4260

{F( 1 VERB2-1CONC2)4260,4252,4260

|F () VERB3~1CONC3 )4260,4253 , 4260 B |

YES IF WE REACH 4253-~SO HOW MANY CONCEPTS REMAIN ON THE TABLE

IF{ILEFT2-1)4300,4256,4258

ISKIP=2 | |

GO TO (9525,9526), I PRINT

PRINT 4257 | |

FORMAT(3OHTHE SUBJECT SOLVED THE PROBLEM)

GO TO 4001

| SOLVE=1SOLVE+1

JUNNEC=1 INEFF+IREDUN+IREPET

| | NAPP= | CONB I +1 | NCON+ 1 VM+1 VPR

IEXBEH=|P1+IP2+IP3+|Ml+|M2+IM3+IEl+IE2+IPw

PUNCH 9555.A, | (J(1),1=1,5),(3(1),1=7,11) ,1EFFIC,
1 |INEFF,|REDUN,IREPET,ICONBI,IINCON,IVM,IVPR,IPi,IPZ,IPB,IMI,'
2 IMZ,lM3,IEl,IEZ,IPW,IRC,EITERM,lSOLVE,IUNNEC,IINAPP, :
3 1EXBEH

GO 70 4001




L4258
9527
5259

9528

4260
9529
4261
9530

130

6046
9531
6047
9532

6048
9533
6049
9534

131

6050
9535
6051
9536

6052
9537
6053
9538

6054
9539
6055
9540

132

6056
9130
9541
9131
9542

9132
9543
6057
9544

6058
9545
6059
9546

6060

GO TO (9237 ,9528), IPRINT 173

PRINT &
FORMAT{LAHSUBJECT GIVES CONSISTENT=-BUT-iNVALID STATEMENT)
1CONBI="CONBI+1

GO TO 4000

GO TO (9529,9530), IPRINT

PRINT 4261 |

FORMAT(36HSUBJECT GIVES INCONSISTENT STATEMENT)

| INCON=1 | NCON+1

GO TO L4000

TRANSFER TO 120 INDICATES THIS WAS AN ELICIT
IF(IFELD2(IFIELD)~7100)3518,6046,6043
GG TO (9531,9532), | PRINT

PRINT 6047 |
FORMAT(30HEXPERIMENTER ELICITS STATEMENT)
IE1=1E1+1 ‘
GO TO 4000 |
GO TO (9533, 9534), IPRINT :
PRINT 6049 j
FORMAT(30HEXPERIMENTER ELICITS STATEMENT)
IE2=I1E 2+1
GO TO 4000

TRANSFER TO 131 INDICATES THIS WAS A MOTiVVATE |
iF(IFELDZ(IFIELD)~7200)6050,6052,6054 -
GO TO (9535, 9536), IPRINT
PRINT 6051
FORMAT(31HEXPERIMENTER MOTIVATES SLIGHTLY)
IMI=IMi+1 i
GO TO 4000
GO TO (9537,9538),1PRINT
PRINT 6053 -
FORMAT(33HEXPERIMENTER MOTIVATES MODERATELY)
IM2=1M24+1
GO TO 4000
GO TO (9539,9540), IPRINT
PRINT 6055
FORMAT(31HEXPERIMENTER MOTIVATES STRONGLY)
IM3=1M3+1
GO TO 4000 |
TRANSFER TO 132 INDICATES THIS WAS A PROMPT OR A PUT IN WORDS--PW
IF(IFELD2(IFIELD)-7200)6056,6053 6060 -
IF(IFELD2(IFIELD)-6600)4102,9130,9132

GO TO (9541, 9542), IPRINT

PRINT 9131

FORMAT(12HPUT~IN-WORDS)

| PW=1 PW+1

GO TO 4000

GO TO (9543,95L4), IPRINT

PRINT 6057 ) f
FORMAT(32HEXPERIMENTER GIVES SLIGHT PROMPT)
IPI=1P141

GO TO LOOO

GO TO (9545,9546), I PRINT

PRINT 6059 | B o
FORMAT(3LHEX PERIMENTER GIVES MODERATE PROMPT)
| P2=| P2+1

GO TO L00O |

GO TO (9547,9548), IPRINT




9547
6061

9548
C

4000
4099

L4100

3500
6062

3501
6063

PRINT 6061 174
FgRMA;(B%HEXPERIMENTER GIVES STRONG PROMPT)

IP3=1P3+

THE FOLLOWING FEW STATEMENTS TAKE CARE OF FIELD CHANGING
Go TO (4100,4099), |CHANG

IFIELD=0

| CHANG=1

CONTINUE

GO TO 9992

PRINT 6062 o

FORMAT(38HTHE TASK (COLUMNS 10-12) IS M1 SPUNCHED)

PRINT i,A,J

ISKIP=2

GO TO 4001

PRINT 6063 |

FORMAT(S7HTHE FIRST COLUMi! OF THE CONCEPT (COLUMN 20) 1S MISPUMCHE

P e
ST =

1D)

PRINT 1,A,J

I1SKIP=2

GO TO 4001

PRINT 6064 | | ,
fg&TgT£h7HPROGRAM ERROR IN COUNTINC DIMENSIONS IN CONCEPT)
GO TO 4001

PRINT 6065 | |
FORMAT(39HTHE FOCUS (COLUMNS 26-28) 1S MISPUNCHED)
PRINT 1,A,J

ISKIP=2

GO To 40OV

PRINT 6066, | TRIAL

FORMAT(6HTRIAL ,11,15H WAS MISPUNCHED)

PRINT 1,A,J

I SK I P=2

GO TO L4001

PRINT 6075 | | o

FORMAT(21HERROR ONE BEFORE 40C5)

I1SK | P=2

GO TO L4001

PRINT 6076 h |

FORMAT( 12HERROR AT 115)

ISK|P=2

GO TO 4001

PRINT 6077 o

FgRMAT%hIHERROR THREE BEFORE 1282, OR 1283, OR 1286)
ISKIP=2

GO TO 4001

PRINT 6078 - |

FORMAT(2THERROR AT 1305 OR 1306)

ISKIP=2

GO TO 4001

PRINT 6079

FORMAT(2LHA TRIAL SIGN WAS MISSING)

PRINT 1,A,J

1SKIP=2

GO TO L40O1

PRINT 6080 | |

FORMAT(2LHAN ELICIT WAS MISPUNCHED)
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PRINT 1,A,J
ISKIP=2

GO TO 4001

PRINT 6081

FORMAT(21HERROR ONE BEFORE 5000)
I1SK1P=2

GO TO 4001

PRINT 3521 |
FORMAT(13HERROR AT 1273)

1SKIP=2

GO T0O 4001

PRINT 4047 |
FORMAT(21HERROR FOUR AFTER 4008)
ISKIP=2

GO TO 4001

PRINT 4048 |
FORMAT(23HERROR AROUND OR AT 4010)
ISKIP=2

GO TO 4001

PRINT 4049

FORMAT(13HERROR AT L4028)

ISKIP=2

GO TO L0Ot

PRINT 4050

FORMAT(13HERROR AT 4038)

1SKIP=2

GO TO L4001

PRINT 4055

FORMAT{20HERROR ONE AFTER 4031)
ISK1P=2

GO TO 4001

PRINT 4103, IFIELD

FORMAT(6HF IELD , 11,154 WAS MISPUNCHED)
PRINT 1,A,J

ISKIP=2

GO TO 4001

PRINT 4301

FORMAT(13HERROR AT 4253)

15K P=2

GC TO 4001

PRINT 5059 |
FORMAT(23HCOLUMN 32 1S MISPUNCHED)
PRINT 1,A,J

ISK1P=2

GO TO 4001

GO TO 4002

CONTINUE

END
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Appendix 11

Intercorrelations Among Aptitude Tests

1 2 3 4 5 6 i
i
2 4873 ——— |
5 4185 5232 — §
4 2816 2421 3634 —— '
5 3501 2929 3246 1166 J—
6 2868 6343 5129 2253 3264 —
7 2419 3518 2847 3038 0924 5559
! 8 3116 3883 5845 3174 1692 5250
g 9 2772 3277 5414 2488 3172 3761
10 5214 3004 3415 4098 1620 2780
11 1877 3259 4367 2603 1481 4003
12 3529 5696 5803 3124 3040 6142
13 3501 4365 5322 3026 2860 4284
14
15
16
17
18
19
20
21
22
23

L
K-
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Intercorrelations Among Aptitude Tests (continued)
7 8 9 10 11 12

1

2

3

4

5

6

7 ——

8 3968 ————

9 3271 4882 ——

10 3799 3494 3631 e

11 2577 4751 2433 3124 ————

12 3912 5706 4338 3300 4726 e
13 3324 4686 40438 3520 4293 4542
14 3591 5325 3738 3115 4199 5477
15 1937 2410 3844 0746 1319 3313
16 1173 2319 1784 1263 2511 2365
17 1968 2811 3312 3005 2251 2832
18 1621 1992 0601 2027 1394 0546
19 3543 3584 2912 2222 2469 4581
20 2248 3903 2990 1733 2447 4433
21 1619 2070 2417 2090 2480 2184
22 2048 3374 2602 2090 1783 3126
23 1030 2293 2115 1439 0985 1812
24 1912 2456 2568 1710 1621 1809
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Intercorrelations Among Aptitude Tescs (continued)
i3 14 15 16 17 1s

1 .

3

4

5

6

7

8

9
10
11
12
13 —
14 4968 ——-
15 3317 4478 —-—————
16 1054 1869 2738 ——
17 3660 3637 5075 2625 ——
18 0610 1774 1380 1859 1941 ———
19 3429 4455 2820 1159 2936 0437
20 3695 3497 4339 2824 2077 2239
21 2431 3722 1994 0255 1517 -0280
22 3127 3818 2325 1638 2678 1492
23 2383 2998 3913 1505 4780 2215

1992 2293 2178 1554 2235 2913
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Intecorrelations Among Aptitude Tests (continued)
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19

20

21

22

23

24

W N O DW=

19

Sl
e}

12
13
14
15
16
17
18
19
20
21
22
23

1895
2277
3436
1970
0392

= T L

0526
2667
2065
2882

1151
1045
-0168

1621
3368

2628

NOTE:~~Decimal points omitted.
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Publications, progiams, tcchnical reports and theses
prepared in whole or in part under Contract OE 5-10-299

Anderson, Richard C. Individual differences and problem solving. In
Robert M. Gagne”, Editor, Learning and Individual Differences.
Columbus, Ohio: ilerrill Books, 1967. pp. 66-89. (Aiso Chapter 3).

Anderson, Richard C. !anual for presenting problems. Ilimeo. 1965.
7 pp.

Anderson, Richard C. Note on an experiment to teach first graders a
problem solving skill., Mimeo. 1965. 14 pp.

Anderson, Richard C. Part vs.whole task procedures for teaching children
a problem solving skill. Journal of Educational Psychology. In
press. (Also Chapter 6).

Anderson, Richard C., Boone, Julianne, Daniel, Jessica. Common elements
‘ program for the card array task. University of Illinois Training
} Research Laboratory Monograph, 1965, 1, 1-200.

Anderson, Richard C., Yavin, Rivka, and Daniel, Jessica. Common elements
~ program for the pencil task. University of I1llinois Training
) Research Laboratory Monograph, 1965, 3, 1-200.

E Anderson, Richard C., and Yavin, Rivka. Common elements program for
the cowboy task. Uuiversity of Illinois Training Research Laboratory

Monograph, 1965, &, 1-200.

Anderson, Richard C., and Yavin, Rivka. Whole~training program for the
cowboy task. University of Illinois Training Research Laboratory
Monograph, 1965, 5, 1-112.

Anderson, Richard C., and Yavin, Rivka. Whole~training program for the
pencil task. University of Illinois Training Research Labszatory

Menopraph, 1965, 6, 1-112,

Anderson, Richard C., and Yavin, Rivka. Whole~training program for the
card array task. University of Illinois Training Research Laboratory
Monograph, 1965, 7, 1-112,

Guthrie, John T. The function of rules in learning, retention, and
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Rubovits, James J. Expositery versus discovery methods in acquisition
and transfer of principles. Iiaster's thesis. University of
Illinois, 19¢8.

Willis, Richard C., and Anderson, Richard C. Dimensions of ability .
among HMattuon, Illinois fourth grade students. ‘'limeo, 1965. 9 pp. :
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