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iii.
Abstract |

An experiment was performed investigating the effect of two fac-
toriaily designed manipulations on the developmental course (cross-
sectionally) of conceptual behavior. The task examined at three grade
levels (grade two, seven and twelve) was the solution of an exclusive
disjunctive rule problem. The two experimental manipulations designed
to facilitate the solution of this task was a type of logical pretraining,
truth-table classification pretraining, and an artificial memory aid
which provided to the subject previously presented task information.

The results showed that both experimental manipulations improved
performance for all grade levels, with the larger effects occurring at
the lower grade levels. The combination of the two conditions improved
the performance of the grade two subjects to that of tﬁe grade twelve sub-
jects in terms of an overall measure of performance, trials to criterion.
However, in spite of such overt improvements for the lower grades due to
the experimental manipulations, there were qualitative differences in the
way the three grade levels solved the task regardless of experimental
condition.

The results were interpreted as supporting approaches that con-
sider conceptual development to be primarily influenced by learning, al-
though some limitations to such an interpretation were considered in view
of the observed qualitative grade differences in the solution of the task.
An additional conclusion concerned the developmental progression in the
manipulation of symbols, where a finding contrary to expectations from

Piagetian theory was obtained.
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Introduction

The present experiment is an attempt to exterd the understanding
of the normal development of conceptual behavior and to suggest some ways
in which this normal development can be manipulated. Specifically, the
study is concerned with the development of ore efficient strategy of sol-
ving conceptual problems and the increase with age in memory for relevant
information in concept learning.

Conceptual behavior can be definad (Kendler, 1964) as the c1as$ifi-
cation of objects or events into categories that have some set of proper-
ties or characteristics in common, which makes the objects 'similar' to
the subject. The similarity of these objects can best be characterized
as 'psychological® similarity that 'binds the members of one class to
another' (Elkind, 1969). This view of concepts is based on the idea of
common features or the intersection of common properties among the exem-
plars of a concept. When a subject learns a concept he is, according to
this view, seeking for invariant properties ameng the various exemplars.

One alterrative view of concepts is that they are not based on the
reductive process of seeking common properties among the exemplars, but
that it involves the abstraction from the exemplars of a set of rules
that specify the concept (Bransford, 1970). A concept in this alternate
view is conceived to be composed of a set of symbols, and a set of rules
for the specific combination of the symbols. This is a generative view
of concepts in the sense that given the symbols and the rules (intension
of the concept) all instances of a particular concept (extension of the

concept) can be generated. This latter genmerative view of concepts
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derives from Cassirer (1923) and has been recently utilized by Langer
(1970) and Furth et al. (1970). The essence of a concept in this view is
not the common features of the various exemplars of the concept but the
rule system that can generate these exemplars. The rule system can be
viewed analogously to the rule system used to generate a grammatical sen-
tence as proposed by Chomsky (1957).

The present study approaches conceptual behavior frow the 'inter-
section' approach to concepts as proposed by Bourne (1969b). This approach
has been criticized for lacking in the specification ofv'enabling' struc-
tures (Newell, 1969), and for ne.glecting the intentional properties of
concepts (Elkind, 1969; Furth et al., 1970). Bourne has stated his prefer-
ence for an analysis of conceptual behavic~ that reiies on descriptive
rules or regularities of behavior. Newell criticized this approach because
he felt that it is also important to consider the psychological structures
that enable the observed behavior to be produced. According to Newell,
the specification of such enabling structures adds insight to the under-
standing of the observed behavior. Bourne (1969b) has however pointed out
that the 'intersection' approach can provide a theoretical model of con-
ceptual behavior which is based on observed regularities or rules of be-
havior, but which does not necessarily imply intervening hypothetical
processes which control such behavior.

The study of the development of conceptual skills has to a large
extent been initiated through structural approaches to cognitive develop-
ment by Piaget and Werner (Langer, 1970), who have tended to minimize the
role of learning in conceptual behavior. The proponents of the inter-
section approach on the other hand consider learning to be a major process

in the development of conceptual skills (Bourne et al., 1971, p. 244), and
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the experimental paradigm of this approach to concept learning lends it-
self to a learning analysis of such development.

The development of concept learning ability normally proceeds over
several years. Large increases in performance have been found for the age
" interval of five to twelve yearé, with smaller increases for older subjects
(e.g., King, 1969; Snow and Rabinovitch, 1969; Eimas, 1969; Bourne and 0'>
Banion, 1971). Two factors that have been thought to underlie these per-
formance increments are: (1) age-related changes ih strategies of dealing
with information and (2) changes in memory processes. Since the theoretical
jdeas of the role of these two factors in concept learning have come from
studies using ggglg_subjects, these studies will be reviewed before con-
sidering developmental aspects of concept Tearning.

The type of task used in studying concept learning can best be under-
stood through a description of the experimental procedure involved. In
the typical concept learning experiment by Bourne the subject is cenfronted
with a set of stimuli which are divided arbitrarily by the experimenter
into two classes: instances and noninstances of the concept. The classi-
fication rule for dividing stimuli into instances and noninstances may
involve the dimensions of the stimulus set and rules of relating the attri-
butes of these dimensions. The subject's task is to discover the basis of
the scheme for classifying stimuli into instances and noninstances and to
place each stimulus into one of these two categories. This kind of con-
ceptual behavior is economical and efficient, since it allows one to code
many diverse things into fewer categories and thereby simplify the under-
standing of the environment to some degree.

Concept iearning can be divided into attribute and rule learning, or

the combined learning of both of these. Attributes are the points on the



dimensions of the concept, while the rules are the Togical connections
between various attributes. In attribute learning the subje;t's task 1is
to identify the relevant attributes, while in rule learning he has to
determine which particular rule is involved. Represéntative conceptual
rules are described in Table 1, and assignment of stimulus patterns to
response categories (posit{ve Or negative) for some of these rules are
Presented in Table 2.

Bourne (1967), in studying the rule learning aspect of concept learn-
ing, has found that adult subjects that solve sucﬁ problems efficiently,
Or practiced subjects, use what could be described analytically as a
truth-table strategy. This is a strategy of coding the entire stimulus
population into four classes depending on the presence (or truth-value) or
absence ‘or false-value) of the relevant attributes. So for example, the
truth-table classification of a set of stimuli involving the two relevant
attributes "red" and "square" would involve the following classifications:
items that are both “red" and "square", or "True and True", items that are
“red", but not “square", or "True and False", items that are not “red",
but "square", or “False and True", and items that are neither "red" nor
"square", or "False and False". For a subject to use this scheme properly
would mean that he is correctly attending to the two relevant attributes,
and that he is able to collapse over irrelevant variations of the stimuli.
Irrelevant variations of the stimuli have no effect on the truth value of
a stimulus or on the classification of a stimulus into instances or non-
instances.

Once the subject has conceptually reduced the stimuTus population

to these four classes, it is then only a matter of associating a particular
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class of stimuli with either a positive or a negative 1abel to respond
correctly on the conceptual task.

The evidence for the existence and effectiveness of the truth-table
strategy has come from inter-rule transfer experiments (Bourne, 1967), and
_ from experiments in which the subjects were actually instructed in truth-
table classifications (Dodd, et al., 1971), The kind of rules that are
typically employed are disjunctive, conjunctive, conditional, and biconQ
ditional rules. These rules determine the various ways in which the four
categories of the truth-table are assigned either as positive or negative
instances of the concept. Theoretically, if the subject is given the
relevant attributes, and if he understands these rules, he should require
at the most one error for the placement of each truth-table category, since
for any one rule the combination of positive and negative categories is
unique. Bourne has found that in the first few problems of the inter-rule
transfer experiments subjects often make more than one error for each of
these stimulus categories, but that after several such problems the subject
is able to solve the conceptual task with one or less errors per category.
In experiments where the subject receives instructions in the truth-table
strategy, subjects will often solve the task with a minimum number of errors.

Assuming a truth-table strategy, one variable that would be expected
to affect the performance on rule learning tasks would be memory for rele-
vant information. At the very least, the subject would be required to
remember the outcome of two to four classes of stimulus configurations
before he is able to solve the problem. While with practice the subject
can usually perform adequately in this situation, at earlier stages the
memory for previous instances seems to be poor. For this reason any con-

dition that aids the subject's memory should facilitate performance,
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especially in the early stages of learning. Some experiments have shown
that providing the subject with past instances as well as their outcomes
by a memory aid significantly raises their performance on concept learning
problems (Bourne, et al., 1969; Denny, 1969 and Pishkin, 1967).

An additional finding in these experiments was that the memory aid
decreased the differences in difficulty between easy and difficult rules,
which suggests that one reason why some rules are initially more difficuit
than others is that some stimuli and their outcomes for the harder rules
are more difficult to remember than in the easy rule situation. 1In other
words, certain stimulus-outcome configurations are more difficult to re-
tain than others.

These kinds of data seem to indicate that the efficient solution of
concept learning tasks requires the subject to code the stimulus popula-
tion into the four categories of the truth-table. With such a reduction,
solving the task can be considered a 4 - 2 item paired-associate task.
Chumbley (1972) has presented a theory of concept learning which simi-
Iarly divides concept learning into two component processes. In this
theory the learner is seen as initially determining the relevant attri-
butes which is foilowed by a paired-associate stage. According to the
theory the subject first attempts to determine which dimensions and attri-
butes are relevant, and then pairs the various stimulus classes (which may
be the categories of the truth-table) with the appropriate response cate-
gories. '

Prior to the efficient operation of the truth-table strategy there
are reliable differences in difficulty among conceptual problems based on

the various rules. Typically the order of difficulty goes from conjunctive,
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to disjunctive, to conditional, and to biconditional. The biconditional
rule is the hardest to master and usually requires about twice as many
trials to criterions as any other rule. A typical score in a biconditional
rule learning task involving four trinary dimensions might be about 60
trials to solution (Bourne, 1967). For a disjunctive task it could be
lTess than half of that. However, once the truth-table strategy has been
mastered, either by direct tutoring or through inter-rule transfer, these
initial differences among the rules are essentially eliminated. The be-
havior on conceptual problems at this stage appears to be directed by a
set of rules that lead to the minimum number of instances to solve a
particular problem.

Bourne has shown that the truth-table strategy that adults often
exhibit in the inter-rule transfer experiments and in the truth-table
pretraining experiments is less likely to be displayed by children. In a
study illustrating this trend Bourne (1969a) gave adults and children of
varying ages first several conceptual problems based on four basic rules,
and then a sorting task based on the four categories of the truth-table.
The results of the rule learning task showed the expected superiority of
the older subjects. The adults solved the conjunctive rule learning task
in fewer trials to criterion than tﬁe younger subjects. In the later
sorting task the subject was given the two relevant attributes, and asked
to sort the stimuli into four categories which were not specified. A
correction procedure was used allowing the subject to observe the correct
placements of stimuli. For the adults the previous rule learning
experience greatly affected the performance on the truth-table sorting

task, which can be taken as evidence that adult subjects evolved a
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truth-table approach through the multiple rule learning. For the chil-
dren, however, especially the younger ones, there were some transfer
effects from the prior rule learning, but the effect was not very strong.
Unlike the adults, the children made repeated errors in the placements of
stimuli in each of the four categories. ' This seems to indicate that the
younger subjects did not generally acquire the truth-table strategy in

the prior rule learning situation. The reason for this lack of transfer
effects could be that the rule learning task was not too well suited for
the acquisition of the truth-table strategy for these young children.

The younger subjects probably were deficient, at the end of rule Tlearning,
in some of the basic skills necessary for the truth-table strategy; in
addition to this deficit, there were high memory requirements in this task
which were probably too great for the younger children to function well.

These two ways which could have led to the poorer performance of
the younger subjects are inter-related in the sense that poor memory in
this case may be partially a function of the lack of the truth-table
strategy. Not only does a well-learned truth-table strategy facilitate
in the logical elimination of various alternate rules in the rule learning
task, but it should also facilitate the remembering of previous instances
and their outcomes.

The impositions of the truth-table strategy on the stimulus set
should facilitate the remembering of previous instances and their outcomes
because it allows the subject to partition the stimulus set into the four
categories of the truth table and to recall items by categories. This
means that while overall recall should be improved, the greatest value,

in terms of memory, of this strategy is that it focuses the subject's
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attention to the relevant aspects of the categories. In effect, recall
for relevant information should be improved.

This kind of selective memory has actually been reported by Tra-
basso and Bower (1964) who found that when adult subjects were asked to
recall previous items in a conceptual task, they typically réca11ed par-
tial stimulus specifications. The important thing, however, in this study
was that the partial information that was recalled was relevant to the
concept being used.

In general, categorized items are more easily remembered than dis-
crete and unrelated items. This effect holds for adults and to some extent
as well for children, and the increase in amount of recall for related
items is often several times larger than for unrelated items (Bousfield,
1953; Mandler, 1967). Subjects usually free-recall and produce related
items by the categories they have perceived during the learning (or also
the production) of the list. The recited 1ist in such a task contains
clusters of related items.

The performance of children in free-recall tasks has been shown to
differ from that of adult subjects in terms of the degree of clustering.
Children produce less clustering than adults, and for very young children

(below the age of five to six years) there is sometimes no clustering at

all (Neimark, et al., 1971; Rossi and Wittrock, 1971). Since the degree
of clustering is strongly related to amount recalled, it is on the basis !
of this factor alone that a Tlarge proportion of the differences in recall
associated with developmental level can be accounted for.

Related to this developmental trend in clustering is the finding

that if the memory process is separated into acquisitions, storage, and
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retrieval, differences in memory performance between adults and children
ar2 located primarily in the acquisition stage. Belmont and Butterfield
(1968) separated forgetting from acquisition and retrieval processes by
providing retention tests at several time intervals after the presenta-
tion of the stimulus material. Their rationale for this separation was
that a retention test immediately after the presentation of the stimulus
material provides measures for acquisition and retrieval processes, and
that later tests provide information about forgetting. Several studies
(Belmont, 1967; Belmont and Butterfield, 1968) have presented evidence
that for subjects aged 8 - 20 years, and for both verbal and perceptual
material, there are no differences in the slope of the forgetting curves
for the different age groups. If the level of acquisition of material is
controlled, then the different age groups forget the material at the same
rate over time. In further studies, Belmont and Butterfield (1968) have
shown that obtained age differences in memory may be primarily due to
differences in acquisition strategies. In one of their experiments the
subject's task was to memorize the serial position of items in a nine
item 1ist. Following the self-paced learning of the 1ist the subject had
to indicate the serial position of a test item. The apparatus was set up
to record several responses of the subject, including temporal variables
such as the se1f—pacing during learning, and the latency to respond to
items. On the basis of hesitation patterns (in the learning stage) and
corroboration by verbal reports it was found that college students learned
the 1ists usually in chunks of three items. Students younger than thir-

teen years however appeared to learn the items individually.

These data by Belmont suggest that a major cause for observed memory
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differences between children and adults is that the adults apply various
organizations, in the acquisition stage, on the material to be recalled.
Children, however, are more 1ikely to remember such material in terms of
discrete entities. Similar data has been reported by Flavell, Fredricks,
and Hoyt (1970) in a study characterizing developmental changes in memori- -
zation processes in young subjects ranging in age from the nursery school
to grade four level. In a serial recall task this study found that the
younger subjects differed from the older ones primarily in terms of the
level and kind of activities accompanying memorization: the younger sub-
Jects made fewer naming and anticipation responses, and also showed 1ess
active rehearsal. These studies show that a major difference in memory
processes between adults and children occurs during acquisition, where
adults (and older children) have learned to utilize strategies and tech-
niques to organize and simplify diverse information and to actively
rehearse the material. Such a view of adult remembering is consonant with
current studies of recalling verbal material over short term intervals.
For exampie, Waugh (1972) has identified selective rehearsal and reorgani-
zation of stimuli as some of the active processes of organizations occur-
ring in the remembering of a 1ist of words.

Of course, there are developmental differences in memory due to
other developmental factors, as can be seen by the fact that digit recall
on the Wechsler Intelligence Scale (Wechsler, 1949) is a reliable item for
the determination of mental age indices. But for the age range of 6 - 16
years, these differences are smaller than the kind of differences associ-
ated with the factors discussed above.

If there are demonstrable developmental differences in memory
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processes in verbal learning tasks, there may also be such differences

in concept learning tasks, which involve memory processes. When a subject
solves a concept learning problem he typically utilizes information from
previous stimuli. The solution of attribute and rule learning conceptual
problems could conceivably occur without memory for specific stﬁmu]us out-
come information. Early theories of concept learning (Bower and Trabasso,
1964a; Restle, 1962) assumed such a situation. These theories were char-
acterized as "no memory" theories of concept learning since they assumed
that a subject could solve a conceptual problem without remembering any
previous instance and its outcome. These theories stated that a subject
would randomly éuess (on the basis of the perceived dimensions of the
stimulus population) at a hypothesis and respond to stimuli according to
this hypothesis until he encountered an error. Following an error trial
the subject would again random]y select another possible hypothesis. This
process of hypothesis testing would continue until the subject selected
the corvrect hypothesis and thus would make no further errors.

Subsequent studies (e.g., Trabasso and Bower, 1964) however have
shown that subjects do remember and utilize previous stimulus-outcome
information when solving attribute learning tasks. Other studies testing
the "no memory" assumption have shown that misinformation feedback decreases
performance (e.g., Erickson, 1968), and that subjects perform poorer when
they have to solve several conceptual tasks simultaneously (e.g., Restle
and Emmerick, 1966). These kind of studies can be interpreted as indi-
cating that typically subjects use some limited information about previous
events in conceptual tasks, and that any manipulation to interfere (via

misinformation or multiple tasks) with the remembering of this information
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hampers concept learning. One reaction to these kind of data was a model
of concept learning by Trabasso and Bower (1968) in which the subject is
seen as remembering nothing but the most recent stimulus. Such a 'local
consistency' model still however does not account for data which show |
that subjects remember more about previous events than just the preceding
stimulus (e.g., Cahill and Hovland, 1960).

Most current theories of concept learning view the subject as sol-
ving a conceptual task through a hypothesis testing procedure, as proposed
by Bruner, Goodnow, and Austin (1956). According to such'hypothesis test-
ing theories (e.g., Restle, 1962; Hunt, 1962), the subject solves a con-
ceptual problem by evaluating various alternative guesses of the correct
categorization rule. Such guesses are guided by information contained in
previous stimulus and outcome events.

Hypothesis testing models of concept learning that assume some
1imited memory for preceding events appear more plausible than the "no
memory" models in view of studies that show the subject retaining and
utilizing prior instance information. These models differ in terms of how
much remembered information they ascribe to the subject. However, the
efficient adult subject remembers and utilizes more than simply the out-
come of a trial according to current theories of concept learning (e.g.,
Williams, 1971). In order to attain the solution of a conceptual task the
subject is assumed to make inferences about the solution from previously
presented instances. Such inferences are not likely to be random guesses,
but are based on the information contained in the preceding events. Of
course, memory for previous stimulus-outcome information is not considered

to be perfect, but even partially retained information can narrow down the
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number of likely solutions. Support for such a view of the role of memory
in concept learning derives from studies using artificial memories, where
preceding stimuli and their outcomes are kept within view of the subject
(e.g., Bourne, et al., 19693 Pishkin, 1967). In these studies the visual
availability of previously presented information (which obviated remem-
bering such information) improves performance on conceptual tasks.

Since the efficient solution of conceptual problems requires some
memory for preceding events, how do adults and younger subjects retain
such information? At present studies on the role of memory in concept
learning have not specifically examined how subjects remember such infor-
mation. One model with assumptions about memory processes in concept
learning has been proposed by Williams (1971). The model specifies that
selected stimulus information is retained in a buffer store of short dur-
ation, and that information about tested hypothesis is retained in a
separate store of longer duration. This model however fails to consider
and specify how stimulus and outcome information is retained and utilized
beyond the short interval of a buffer storage. Bourne has suggested that
further studies in this area are necessary: "We suspect that in the
future, investigators of concept Tearning will begin to turn their atten-
tion to the strategies and techniques that subjects possess or acquire
for retaining solution-relevant information over time" (Bourne, Ekstrand,
and Dominowski, 1971, p. 237).

One major purpose of the present study is to evaluate the utility
of one such strategy that subjects acquire developmentally that may be an
aid for retaining solution-relevant information in concept learning.

Studies on developmental changes in memory (e.g., Belmont and Butterfield,
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1968; Flavell, Fredricks, and Hoyt, 1970; Neimark, Slotnick, and Ulrick,
19713 Rossi and Wittrock, 1971) have pointed to organizational and re-
hearsal factors as major determiners of developmental differences in
memory. These studies have shown that older children and adults have
ready strategies for actively organizing material to be reca]]ed, while
young children often lack such strategies. One kind of strategy that
can conceivably provide an organizing structure for the remembering of
solution-relevant information in concept learning tasks is the truth-
table strategy. In the typical concept learning experiments the total
stimulus set often consists of up to 100 stimuli - the various combinations
of several binary or trinary stimulus dimensions. By partitioning these
various stimuli into four or fewer truth-table categories, subjects who
use this strategy shou]d'benefit in terms of facilitated recall of infor-
mation about previously presented stimuli and outcomes necessary to solve
the conceptual problem.

Studies on developmental changes in memory have shown that young
children's recall is considerably poorer than older subjects primarily
because of a deficit in organizational strategies. Such developmental

recall differences, while they have not specifically been shown there,

can reasonably be expected for the memory requirements involved in solving
conceptual tasks. Also, developmental studies by Bourne (1969a) have in-

dicated that young subject. generally lack the truth-table strategy when

solving conceptual rule learning problems, while older subjects often
exhibit the utilization of this strategy. Since these two component
activities, recall of solution-relevant information about previcusiy
presented items, and the truth-tabie strategy, have been shown to
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characterize the efficient solution by aduits of complex conceptual
tasks, it is proposed that the demonstrated deficit of these two compo-
nent activities in young children accounts for a large proportion of the
observed performance differences in complex conceptual behavior that are
associated with age.

The present study was designed to evaluate the proposed develop-
mental relationship between two component activities, truth-table classi-
fication and recall of solution-relevant information, and performance on
conceptual rule Tearning tasks. The main purposes of the study were to
determine: (1) the developmental changes that occur in the role of these
component activities in concept learning, and (2) the extent to which the
conceptual performance of the younger subjects could be improved to the
level of that of the adult subjects through manipulation of the component
activities.

The study was carried out with subjects at three developmental
levels; grade two, seven and twelve. Truth-table classification ability
was manipulated in this study by a short training program designed for the
acquisition of this strategy. Al1 subjects either received this pre-
training or 'dimensional’ pretraining which familiarized the subjects with
the dimensions of the stimulus set in order to provide perceptual exper-
ience with the stimuli equivalent to the truth-table pretraining. Memory
for previous events was manipulated by an artificial memory aid which
displayed the information of previous trials. With such an aid (in the
'memory aid’ condition) the subject has visual access to all previously
presented stimuli and their categorizations, and without this aid (in the

'no memory aid* condition) the subject had to rely on his own memory for
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such information. The conceptual task in the present experiment was a
rule Tearning task based on the exclusive-disjunctive rule. From this
design several general expectations about the outcome of the study were
derived on the basis of the results of prior experiments, Bourne et al.'s
(1971) model of concept learning, and the proposed developmental relation-
ship of two component activities of concept learning and performance on
conceptual tasks.

An exclusive-disjunctive rule learning task is of intermediate
difficulty (Denny, 1969), and consequently was expected to be of consider-
able difficulty for the youngest (grade two) subjects in the present study.
It was therefore expected that there would be an increase in performance
(as measured by trials to criterion) as the grade level of the subjects
increases. Such a developmental increase in performance is an obvious
expectation and has been reported for a variety of conceptual rule learning
tasks and ages (e.g., Bourne and 0'Banion, 1971).

Previous studies on the effect of truth-table pretraining have indi-
cated facilitory effects on conceptual performance for adults (Dodd et ai.,
1971) as well as for children (Bourne, 1969a). For young children (mean
age of 5.5 years) this effect is small or non-existent, but children aged
about 7.5 years benefit from such pretraining. On the basis of these
studies it was expected that the truth-table pretraining would increase
the performance of all subjects, including the lowest grade level group,
whose mean age was 7.8 years.

The effect of the artificial memory aid was expected to depend on an
interaction with grade level and type of pretraining. While for the grade

twelve subjects the memory aid was expected to faciliate performance, as
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has been indicated in previous studies (e.g., Bourne, Ekstrand, and
Montgomery, 1969), for the grade two students the memory aid alone was

not expected to significantly increase performance on the conceptual task.
The reason for this expected lack of facilitation of the memory aid is that
the grade two subjects are thought (on the basis of the present analysis)
to lack the kind of organizational skills necessary for the evaluation and
use of the displayed stimulus set. In other words, the various colors,
sizes, and shapes of the stimuli are likely to overwhelm and confuse, at
least initially, rather than aid in the solution of the problem. However,
the prior truth-table training should provide the child with the necessary
skills to impose some order on this multidimensional stimulus array and
enable him to utilize the memory aid efficiently.

Finally, it was expected that the joint effect of the truth-table
pretraining and the memory aid will increase the conceptual performance of
the younger children to that of the grade twelve subjects. If the con-
ceptual performance of the younger subjects who have had both the truth-
table pretraining and the memory aid approaches the level of performance
of the adult subjects in this condition, then it may be concluded that
these two variables are the ones primarily involved in the age-related
performance differences in conceptual rule learning.

These general expectations of the outcomes of the study make certain
assumptions about the nature of cognitive development, particularly in
the area of conceptual development. They imply that (1) this kind of
behavior can be conceptually separated into broad component activities,
(2) these component activities follow a determinable developmental course,

and (3) the developmental course of the component activities can be
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altered by experimental manipulations. Piaget (1953) has to a large
extent initiated the current interest in cognitive development, especially
in the area of conceptual development. His view on cognitive development
however is that the development of cognitive skills cannot be signifi-
cantly altered by special training procedufes. According to Piaget, while’
such training may lead to local improvements in the performance of a par-
ticular skill, gains are only short-term and do not generalize to other
related skills. Because of these different expectations about the effect
of special training on conceptual development,'the outcome of the present
study may have implications on the issue of the role of learning and

experience in conceptual development.



Method
Subjects

The subjects were 120 students from the Edmonton Public School
system. There were 40 grade two students ranging in age from 7.4 to 8.3
years (mean age: 7.8 years; SD = 0.3), 40 grade seven students ranging in
age from 12.0 to 13.9 years (mean age: 12.9 years; SD = 0.6), and 40 grade
twelve students ranging in age from 16.6 to 20.3 years (mean age: 17.9
years; SD = 0.8). The subjects were selected from three schools located
in lower middle class and middie class residential districts. The schools
were Avonmore and Parkview Elementary and Junior High Schools and Harry
Ainlay High Schogl. Since no attempt was made to equate the three schools’
in terms of the socio-economic level of its students other than the approxi-
mate designation 'lower middie to middle class', it is possible-that there
may bé some bias inherent in the results of the study. It may be that the
grade twelve students came from a higher socio-economic background than the
grade two and seven subjects, who came from two schools in different parts
of the city. The most Tikely source of the differences would be differences
in general intelligence, since high 1Q subjects have been shown to perform
better on conceptua1'tasks than low IQ subjects (Denny, 1966). However, if
differences in IQ as a result of differences in socio-economic levels were
present in the three schools, they are believed to be slight, since the
differences in socio-economic levels between the schools were not very great.

Within each grade, assignment to the four experimental conditions was
by random selection procedures with one restriction being that an equal
number of boys and girls were chosen for each experimental condition. All

the students in each grade level were numbered (the first person on the

class lists were assigned the number 1, the second person on the class list
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the number 2, etc.), and then with a table of random numbers 40 subjects
in each grade level were selected with the restriction that there were 20
boys and 20 girls. These randomly selected students were then divided into
the four experimental groups within each grade level by assigning the first
selected student to the first experimental group, the second student to the
second group, etc., according to the patterna - b -c-d-d=-c-b-a,
etc. Again the restrictions in this assignment was that there were an equal
number of boys and girls in each of the four experimental conditions. One
grade two subject was excluded because she was unable to complete the train-

ing condition.

Design and Procedure

<~ AL

esign of the study was a three-way factorial in which the in-
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depenident (and organismic) variables were memory load conditions (two
Tevels: memory-aid [M] and ‘no memory-aid' [N], pretraining (two levels:
truth-table pretraining [T] and dimensional pretraining (D], and grade
Tevel (three levels: grade two [2], seven [7], and twelve [12]). This
factorial design created twelve independent groups each with ten randomly
assigned subjects.

The twelve experimental groups can be mnemonically identified by the
Tetters and numbers presented above in brackets after each attribute name.
For example, the grade two subjects that were in the memory aid and dimen-
sional pretraining conditions are identified by the abbreviation 2MD, with
grade level being the first index, memory conditions being the second index,
and pretraining condition being the third index. Thus, the twelve groups
can be identified in the following manner: 2MT, 2MD, 2NT, 2ND; 7MT, 7MD,
INT, 7ND: 12MT, 12MD, 12NT, and 12ND.
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The experiment contained three consecutive tasks: a pretraining
task (i.e., truth-table or dimensional pretraining), the practice rule
learning task of a conceptual problem based on the conjunctive rule, and
the rule learning task of a conceptual problem based on the exclusive dis-
Junctive rule. Each of these tasks will be described separately and con-
secutively,

Each subject performed individually in the experiment. The time re-
quired for administration of the complete experimental procedure ranged
between 15 - 50 minuteé. The experiment was carried out at the three schools.
Every subject received general instructions about the task indicating that
it was a card sorting task, and describing the three values on each of the
four geometric dimensions. Subjects receiving dimensional pretraining were
given 60 cards and were asked to sort them into three categories correspond-
ing to the three attributes of the four stimulus dimensions. Subjects sorted
the stimulus cards according to only one dimension at a time. Each subject
sorted 15 cards for each dimension. Instructions for all tasks are presented
in the Appendix.

The remainder of the subjects received truth-table instructions. Each
subject in this condition solved two truth-table sorting problems. 1In the
first problem the two relevant attributes were “red" and “triangle", in
the second problem the two relevant attributes were "yellow" and “square".
The subjects were asked to sort a total of 60 cards for the two problems
into four boxes depending on the presence or absence of the two relevant
attributes. One box was designated by the joint presence of both relevant
attributes or joint truth value (T-T); two boxes were designated by the

Presence of only one or the other relevant attributes (T-F and F-T); and
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the fourth box was designated by the absence of both relevant attributes
(F-F). In the first truth-table task the four boxes were described ver-
bally and were also labeled pictorially; for the second problem the four
boxes were identified only verbally. To ensure that the subjects under-
stood the task they were asked, prior to sorting, to name the four cate-
gories and to describe the cards in these categories.

To provide the subjects, particularly the younger subjects, with some
familiarity with solving concept Tearning problems, following pretraining
all subjects were given the practice rule learning problem. In this problem
the subjects were given two relevant attributes "red" and "sguare", and
were asked to solve the problem which was based on the conjunctive rule.
Instances of the concept were called "winners: and noninstances were called
"losers”. Subjects were asked to predict the outcomes of one trial at a
time. Stimuli were presented one at a time to the subjects until they had
reached a criterion of 16 consecutive correct predictions. The stimuli
were presented to the subject manually by the experimenter on a table bet-
ween E and S. Feedback in terms of the proper categorization of a stimulus
and the correctness of the subject's prediction was given verbally by the
experimenter. After every nine trials the subjects were asked to describe
the winners.

The practice problem was given to provide all subjects with some
familiarity in the solutions of a conceptual rule Tearning task. Such fam-
iliarity is necessary to ensure that the task is approached as a rule
learning task rather than as a less specific problem solving task, in which
the subject may know neither the required rule nor other components of the

task, such as the type of problem and the type of solution required. The
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inclusion of the practice task was intended to ensure that the test task
involved primarily rule learning for all subjects.

Following the conjunctive rule learning task subjects in the truth-
table pretraining condition were instructed in the relevance of the truth-
table strategy in the solution of rule learning tasks. This was done by
showing how the conjunctive problem would be solved in terms of the four-
way truth-table classification, and indicating the possibility of other
instance-noninstance combinations.

To ensure that the subjects receiving truth-table pretraining were not
favored on the test task by instructions which may have produced a set to
expect a rule other than the conjunctive one, all subjects were told to ex-
pect some other rule. 1In spite of these instructions, the first time a
stimulus in the T-T category was presented during the test task, the majority
of subjects that had received truth-table pretraining (63.2%) and subjects
that had received dimensional pretraining (71.i%) gave an error response,
suggesting that they still retained a conjunctive hypothesis (some other
hypotheses are also not incompatible with such a response, but are unlikely).
These percentages of errors also indicate that the type of pretraining did
not appear to have any differential effect on the prevalence of the con-
Junctive hypothesis at the beginning of the test task. One additional
characteristic of the task further indicates that possible differences bet-
ween experimental conditions in the Presence of a conjunctive hypothesis at
the beginning of the test task would not be important. Since a T-T category
item was the second item Presented in the test task, the opportunity to dis-
card a conjunctive hypothesis was present from the onset of the task. This
means that whether or not the subject at the beginning of the test task

expected a conjunctive or a non-conjunctive rule would make 1ittle
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difference in terms of trials to criterion.

Next, all subjects were presented with the test problem. The two
relevant attributes, "blue" and "square" were specified and were displayed
on top of the board holding the stimulus cards. The rule in this task was
the exclusive disjunctive rule. As in the prior conjunctive task instances
of the concept were called winners but now had happy faces under the stim-
ulus cards, and noninstances were called lcsers and were matched with sad
faceﬁ. Subjects were asked to predict the outcome of one trial at a time.
Following a prediction the picture under the stimulus card was exposed.
This picture and verbal feedback from the experimenter provided the subject
with information about the categorization of the stimulus (whether it was
a winner or a loser) and also with information about the correctness of the
subject's judgment. A1l stimuli in the test problem were presented to the
subject on a board (described in the Stimulus Material section). Stimuli
were presented until the subject had successfully predicted the outcome of
15 out of 16 consecutive trials. After every row of nine stimuli the sub-
ject was asked to describe the winners. Subjects in the "No Memory-Aid"
condition were visually exposed to only one stimulus and one outcome at a
time. Subjects in the "Memory-Aid" condition were visually exposed to all
previously presented stimuli and outcomes.

The dependent measures collected in this study were trials to cri-
terion on the practice rule learning task, and, on the test rule Tearning
task, errors, trials to criterion, and the number of category solution des-
criptions. Category solution description refers to the way in which the
subject described the solution to the conceptual problem. Following every

nine trials on the concept learning tasks the subjects were asked to




28.
describe the solution of the task. If the verbal description of the solu-
tion contained categories of instances (e.g., "all blue shapes") it was
scored as a category solution description. If the verbal description of
the solution contained only references to specific instances (e.g., "blue

square") it was scored as a specific instance solution description.

Stimulus Material

The stimuii were geometric forms mounted on 3 x 5 inch cards. The
stimilus population consisted of all 81 possible patterns generated by four
three-valued dimensions: form (triangle, square, circie), color (blue, red,
yellow), size (small or height of 1 cm., medium or height of 2 cm., and
large or height of 3 cm.), and number (one, two or three forms). For the
pretraining task and the practice problem task these cards were sorted man-
ually by the subject and the experimenter. In the pretraining task the
subject ;orted the cards into a box divided into four compartments corres-
ponding to the four categories of the truth-table. In the practice problem
task the experimenter presented one card at a time to the subject on a table
in front of the subject.

For the test problem task cards were presented on a 4.5 x 4.5 foot
board. A11 81 stimuli were on this board. Under each card was a picture
of either a happy face which was colored green or a sad face colored white.
Instances of the concept were matched with happy faces, noninstances with
sad faces. Both the stimulus cards and the faces were covered by separate
aluminum covers which could be easily snapped on and off by the experimenter.
The subject was seated three to four feet in front of the board. The order

of stimuli presented to the subjects was constant for all subjects.



Results

The results are presented in terms of five dependent variables:
(1) trials to criterion on the practice problem; and for the test problem,
(2) trials to criterion, (3) total errors, (4) error types, and (5) type
of solution description. The second and third dependent variables are
considered the major indices of conceptual performance in this study. The
fourth and fifth dependent variables provide two ways of describing the
process through which subjects solved the conceptual task. The variances
of the first three of the five dependent variables were heterogeneous as
indicated by the F-Max test (Winer, 1971). The reason for this hetero-
geneity appeared to be that the means and standard deviations tended to be
proportional (the correlations between the means and standard deviations
were r = .95, r= .91, and r = .93 for these dependent variables. Homo-
geneity of these variances were obtained when an inverse transformation
was performed on the trials to criterion data on the practice task, and
logarithmic transformations on the trials to criterion and total error
data on the test task were performed as suggested by Edwards (1964, p. 130).
Analyses of variances were carried out on the transformed data. The raw
data, and the means and standard deviations of the transformed data are
presented in the Appendix.

An analysis of variance of the transformed trials to criterion on
the practice task indicated that both the grade level, F(2,108) = 6.22,
P < .01, and type of pretraining, F(1,108) = 18.54, p < .01, significantly
affected performance on the practice problem. The upper grade subjects

pervormed better on this task than the lower grade subjects, and subjects
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that had received the truth-table pretraining performed better than

those that had received dimensional pretraining. In addition there was

a significant interaction between grade level and type of pretraining,
F(2,108) = 5.38, p < .01, such that the effect of the truth-table pre-
training was more effective in improving performance for the lower grades
than for the upper grades. However, it should be pointed out that the
grade twelve subjects were performing near the maximum level possible. The
minimum number of trials to criterion was 16, and the data show that the
grade twelve subjects performed near that level. The focus of the study
was on the performance on the test task, but the results of the practice
task indicate the effect of two of the independent variablies even on a
relatively simple conceptual task. Group means for this anaiysis are pre-
sented in Table 3, and complete analysis of variance tables for all amal-
yses are presented in the Appendix.

The analyses of variance of trials to criterion and total errors on
the test task (the exclusive disjunctive rule 1earning.task) are presented
separately, although both analyses yielded the same resuits except for one
significant effect. Both of these measures are considered the major, and
equivalent indices of performance on the conceptual task. Figure 1 pre-
sents the mean number of trials to criterion indicating grade level and
type of experimental condition. A1l three independent variables affected
the trials to criterion performance on the test task. Subjects who were
in the upper level grades, the memory aid condition, and the truth-tabie
pretraining condition reached criterion in fewer trials than subjects in
Tower grades, F(2,108) = 12.85, p < .01, the 'no memory' condition, F(i,

108) = 13.82, p < .01, and the dimensional pretraining condition, F(1,108) =



Table 3

Mean number of trials to criterion on the practice task for the

twelve experimental groups (standard deviations are in brackets

below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D
17.0 20.3 16.9 21.8 17.1 18.3
M
(1.5) (3.9) (1.9) (8.1) (2.1) (3.0)
17.2 25.3 16.7 17.5 16.9 16.3
N

(2.3) (8.7) (1.6) (3.6) (1.4) (0.7)
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5.82, p < .05, respectively. In addition to these main effects there

was a significant interaction between grade level and memory aid condition
F(2,108) = 3.19, p < .05, such that the effect of the memory aid was
greater for the lower grade subjects than the higher grade subjects. These
results conform to the general expectations of the outcome of the study,
except for the results involving the memory aid conditions, where an inter-
action between all three independent variables was expected.

The analysis of variance of the total number of errors on the test
task similarly indicated main effects for grade level, F(2,108) = 9.43,

p < .01, memory aid condition, F(1,108) = 13.11, p < .01, pretraining con-
dition, F(1,108) = 4.96, p < .05; however the interaction between grade

and memory condition was nonsignificant. Table 5 presents the means of
the total number of errors. The analysis of total errors yielded equiva-
lent results to the trials to criterion data (i.e., conditions that reached
criterion in fewer trials made fewer errors) with the one noted difference
in results.

A further analysis of variance was carried out on the type of solu-
tion description the subjects reported on every nineth trial. It was
thought that the experimental groups would differ in these descriptions as
a result of the three independent variables. The solution descriptions by
the subjects were analyzed in terms of whether categorical responses were
given or whether descriptions of individual stimuli were used to verba-
lize the solution to the conceptual problem. For each subject the number
of category solutions and the number of specific stimuli solutions were
determined and from these numbers the percentage of category solutions

were calculated. An analysis of variance of the percentage scores



Table 4

Mean number of trials to criterion on the test task for

the twelve experimental groups (standard deviations are

in brackets below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D
30.4 41.6 24.7 33.5 28.1 25.4
M
(7.5) (11.9) (6.4) (11.9) (7.7) (5.1)
60.4 75.1 47.2 52.1 23.7 31.8
N .

(40.5) (58.1)

(38.2) (29.9)

(4.6) (12.6)
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Mean total errors on the test task for the twelve experimental

groups (standard deviations are in brackets below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D
6.0 10.9 4.7 7.3 4.5 4.4
M
(2.6) (5.7) (2.3) (5.3) (2.3) (2.0)
19.8 24.3 13.0 12.2 4.9 6.5
N
(17.0) (18.2) (2.1) (2.6)

(12.2) (8.8)
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indicated that higher grade subjects gave more categorized solutions,
F(2,108) = 10.85, p < .01, than lower grade subjects. Table 6 presents
the means of this analysis.
An additional analysis of the error data was suggested by the results
of an experiment by Furth, et al., (1970) in which performance on a con-
ceptual rule task was evaluated in terms of number of subjects correctly
responding to stimuli within each of the four categories of the truth-
table. This method of analysis gives more exact indications of the source
of difficulty on such a task (i.e., what kind of stimuli provide the grea-
test difficulty). In the present experiment this method of analysis was
modified‘by analyzing the number of errors within each category of the
truth-table. For each subject error responses were categorized according
to the four categories of the truth-table classification of the stimuli.
For example, an error response to a stimulus that contained both relevant
attributes (and therefore belongs in the first category of the four truth-
table categories) was designec as a Type 1 error. Every subject there-
fore had four dependent variable scores since there were four error re-
sponse categories. Table 7 presents the means for the four error types.
This data was analyzed by a multivariate analysis of variance.] The multi-
variate analysis of variance is analogous to a regular, univariate analysis !
of variance in that it performs tests of significance of difference be- i
tween means. However, whereas in the univariate amaiysis of variance
there is a single mean for every condition (since there is only one depen-
dent variable), in the multivariate analysis of variance there may be
several means in each condition (since there may be more than one depen-

dent variable). The aim of the multivariate analysis of variance is to



Table 6
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Mean percent of category solutions on test task for

the twelve experimental groups (standard deviations

are in brackets below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D
29.0 53.3 32.5 32.3 72.2 76.8
M
(41.7) (44.2) (47.2) (27.1) (40.9) (32.3)
38.7 40.6 33.7 60.7 72.3 86.0
N

(44.1) (44.3)

(43.8) (43.3)

(42.4) (31.7)
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determine if the string or vector of means within one condition differs
significantly from the vector of means of another condition. Individual
comparisons between means may then be carried out to determine the locus

of these differences. The analysis indicated that all three main effects
were significant. (F-ratios are in terms of Raos Approximate F-test'using
Wilks Lambda.) The vector of means of the four types of errors differed
for the three grade levels, F(8,210) = 4.27, p < .001, memory condition,
F(1,105) = 9.00, p < .001, and training condition, F(1,105) = 8.18, p <
.001. Figure 2 presents the four error type means of each grade level.
Figure 2 indicates that there is a general decrease in all errors as grades
increase, as was previously indicated in the analysis of total errors. In
addition however, Figure 2 indicates that the one error type that cnanges
drastically in difficulty across age is error Type 4. Type 4 instances are
most difficult for the grade 2 subjects and least difficult for the grade
12 subjects. Tables 8 and 9 present the mean error types for the two
memory conditions and the two pretraining conditions.

The multivariate analysis of variance of the four error type scores
indicated that the vector of four means differed significantly for the three
independent variables, grade level, memory condition, and pretraining con-
dition. However, this analysis does not indicate the locus or form of
these differences, particularly for the grade effect, since it could be
meaningfully interpreted. In order to gain more information about the
form or pattern of differences of means for the three grade levels, a
one-way profile analysis was carried out on the effect of grade level on
error type scores.2 This analysis provides a test of parallelism of the

four independent variables for the three values of the grade variable.
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category for the three grade levels.
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Table 8

Mean number of errors in each error category

for the two memory conditions.

Memory Aid Nc Memory Aid
Type of Error Type of Error
1 2 3 4 1 2 3 4
X 1.58 1.93 1.70 1.08 3.56 3.36 2.68 3.83
SD 1.3 1.11 1.44 1.53 2.83 3.14 3.59 5.84
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Table 9

Mean number of errors in each error category

for the two pretraining conditions.

Truth-table Pretraining

Dimensional Pretraining

Type of Error
1 2 3 4

Type of Error
1 2 3 4

X
sD

1.88 2.36 1.90 2.67
1.85 2.28 2.71 4.39

3.27 2.93 2.50 2.25
2.73 2.61 2.83 4.58
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The test for parallelism indicated a marginally significant deviation
from paralielism (Raos Approximate, F(6,230) = 2.05, p < .06). Reference
to Figure 2 shows that this effect is mostly due to the changes of the
number of Type 4 errors across the three grade levels (the other three
error types decrease parallel across the three grade levels).

No further tests were performed on the other two main effects,

memory and pretraining condition, since they could not be meaningfully

interpreted.



Discussion

The general aims of this study were to characterize cross-
sectionally the developmental progression of one type of conceptual be-
havior (conceptual rule learning),.and to attempt to modify this pro-
gression by experimental manipuiations.

The results indicate that for the particular conceptual behavior
observed there are regular developmental changes. On the practice task,
which involved the rule learning of a conjunctive concept, small but con-
sistent grade or age effects were found in terms of trials to criterion.

The differences between the grade levels were small probably because the
task was easy for most subjects, as is indicated by the means of the trials
to criterion scores. Even for the grade two subjects the mean trials to
criterion was just a few trials above the minimum value (16 trials).

Larger grade differences were found on the test task, which involved
the rule learning probiem of an exclusive disjunctive concept. This task
is moderately difficult even for grade twelve students, as is indicéted
by the mean number of trials to criterion for the grade twelve students
that received neither truth-table pretraining nor the memory aid. The
mean for this group was 31.8 trials to criterion and a mean of 6.5 errors.
These errors were distributed evenly across the four error categories
except for the first category which contained more than the others. Since
the conceptual problem could be solved with a minimum of 4 errors (one in
each error category) or less, the data indicate the difficulty of this
task and also that the subjects were less than optimally efficient in

their solution of this problem.
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The difficulty of the exclusive disjunctive rule is also indicated
by the results of other studies. In difficulty it 1ies between the
easier inclusive disjunctive rule and the more difficult conditional rule.
For example, Neisser and Weene (1962), using verbal material, found that
college students required a median of 68 trials to criterion on anvex-
clusive disjunctive rule learning task {21.0 for inclusive disjunctive,
more than 100 trials for conditional). In a study using materials and
procedures similar to the present study, Denny (1969) found that college
students required a mean of 53.4 trials to criterion in a high memory Toad
condition and 22.8 trials in a low memory load condition (i.e., with an
artificial memory aid). For the former condition the mean trials to cri-
terion is considerably higher than in the present study. The reason for
this discrepancy may be that in the present study all subjects first

'so1ved a practice problem, which facilitated performance on the test (ex-
clusive disjunctive) task by familiarizing the subjects with the general
solution procedure.

Both in terms of trials to criterion and in terms of total errors
grade two subjects in the control condition (no memory aid - no truth-
table training) required considerably more trials to reach solution on
the conceptual task than the grade seven or grade twelve subjects. The
mean trials to criterion for the three groups were 75.1 for grade two,
52.1 for grade seven and 31.8 for grade twelve. The grade two subjects
required more than twice as many trials to criterion than the grade twelve
subjects, indicating that this task was of high difficulty for the younger
subjects. Such age-related differences are obvious and expected and have

been previously found on conceptual tasks involving conjunctive and
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inclusive disjunctive rules (King, 1966; King and Holt, 1970; Snow and
Rabinovitch, 1969; and Guy, 1969), and conjunctive, inclusive disjunctive,
conditional and biconditional rules (Bourne and 0'Banion, 1971). The
typical finding in these studies is that subjects older than 12 years con-
siderably out-perform subjects at ages 6 - 8 years. For example, King and
Holt (1970) found that 6 year olds made six times as many errors as 12

year olds on a disjunctive rule conceptual task. King and Holt attributed
these differences to the poor encoding strategy of the younger subjects.
They found that the younger subjects tended to respond unidimensionally by
focussing on one dimension of fhe stimulus set at a time, while the older
subjects' encoding was characterized by the efficient bidimensional en-
coding strategy. Bourne and 0'Banion (1971) attributed such age differences
to the transition in children's thinking from concrete to formal operational
as theorized by Piaget (1957).

The present experiment also demonstrated such age-related differ-
ences in conceptual behavior, but in addition evaluated the effect of two
independent variables, type of pretraining and memory load, on these
differences. The results indicated that Tow memory load and truth-table
training facilitated performance on the conceptual tasks across all
three grades in terms of trials to criterion, and also in terms of the
total errors on the test task. In addition, the facilitative effect of
the memory aid was greater for the younger students than for the older
students. These results extend the results of previous studies (Bourne
et al., 1969; Pishkin, 1967; and Denny, 1969) that found facilitative
effects of a memory aid on conceptual performance for adult subjects to

the rule learning task in children. A similar finding has been reported
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by Eimas (1969) for the effect of a memory aid on the attribute Tearning
of grade two subjects. Eimas concluded that the poorer performance of
young children in attribute learning is due to their inability to remember
sufficient relevant information. However, Eimas employed only one grade
Tevel thereby precluding direct age comparisons. The fact that in the
present experiment the lower grades benefited more from the Tow memory
load condition than the higher grades could be interpreted as attesting

to the greater importance of this factor in the conceptual behavior of the
younger subjects. This then indicates that one of the important differences
in the conceptual behavior between younger (grade two) and older (grade
twelve) subjects is that the younger subjects are less successful in rem-
embering relevant information about the conceptual task than the older
subjects. With a memory aid the conceptual behavior of the younger sub-
jects becomes more like that of the older subjects in termsbof trials to
criterion and total errors.

The effect of truth-table training on performance in the test task
was significant in terms of trials to criterion and total errors, but the
effect was not very large when compared to the memory or grade effects.
One reason for these small effects in the present experiment may be that

the practice task decreased the advantage of the subjects in the truth-

table pretraining groups relative to the dimensional pretraining group by

providing all subjects with the opportunity to acquire some of the skills

necessary for solving the problem. Evidence for this conciusion is two-
fold: (1) the facilitative effect of truth-table training on performance
on the test task was, as expected, highly significant, and (2) previous

studies by Bourne (1969a; 1968) have shown that both for children and for
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adults practice in solving conceptual rule problems leads to increasing
competence in the truth-table strategy and also better performance in
terms of trials to criterion on rule learning problems. Together, these
two pieces of evidence suggest that truth-table pretraining was effective
in inducing the truth-table strategy both in the practice problem and
subsequently in the test task, but that the experience of the practice
task also yielded some of this effect and thereby equalized the initial
advantage of the truth-table pretraining groups. The expected greater
facilitory effect of the truth-table pretraining on the performance in the
test task for the younger subjects relative to the older subjects was non-
significant probably for the same reasons. Evidence for this explanation
is that the grade by training interaction was significant in the predicted
direction on the practice task. However, even taking into account the
effect of the practice task on the development of the truth-table strategy,
the effect of the truth-table training on the test task performance was
small. It may be that especially the younger subjects could benefit from
a more extensive truth-table training program.

The expected interaction between type of pretraining, type of memory
aid and age was nonsignificant. It was hypothesized that for the younger
subjects the memory aid would be of 1ittle value in solving the conceptual
probtem, since they would lack the efficient means of utilizing this in-
formation. With the truth-table classification training these younger
subjects should be able to code the diverse information available from the
memory aid into categories relevant to the solution of the conceptual task.
The results however indicate that the facilitative effect of memory aid is

significantly larger for the younger subjects than for the older subjects,
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regardless of pretraining conditions. This may mean that (a) these young
subjects are able to effectively categorize the visually available infor--
mation from the prior trials as the older subjects, or (b) that the sum of
the pretraining and practice tasks effects was sufficient to induce the
proper coding strategy in all subjects. Since Bourne (1969a) found that
children at the age of 6 - 7 years do lack in these coding strategies,
alternative (b) is probably more 1ikely. Further evidence for this con-
clusion comes from the fact that truth-table training did increase,
although nonsignificantly, performance on the test task for the grade two
subjects that had the memory aid conditions. The cumulative effect of
both the truth-table training and the memory aid was to equate the perfor-
mance of the grade two subjects with the performance of the grade twelve
control condition subjects (no memory aid - dimensional pretraining) both
in terms of mean trials to criterion (30.4 vs. 31.8 trials) and mean total
errors to criterion (6.0 vs. 6.5 errors).

These equivalences indicate that the combined effect of the two ex-
perimental variables makes the conceptual performance of the grade two sub-
jects indistinguishable from the grade twelve control subjects in terms of
two major indices of conceptual performance. However more detailed analyses
of the subject's responses indicated that there were qualitative differences
in the conceptual behavior of the three grade level groups, regardless of
experimental condition. The analysis of the subjects' reported hypotheses
showed that the grade twelve subjects significantly more often reported
category hypotheses than the grade two and seven subjects. This may be
interpreted as indicating that these older subjects more often attained
solution by categorizing diverse stimuli into common categories, wnereas

the younger subjects tended to persist in treating stimuli as separate and
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specific. These grade differences in categorization in hypotheses were
expected on the basis of experiments that have shown that categorizations
and clustering in recali of verbal and nonverbal material increases with
age (Bousfield, 1953; Belmont, 1968; Neimark, 1971). The data however
indicate that training in categorization (via truth-table classification‘
training) did not increase this behavior among the younger subjects.

The results of the analysis of the categorization data are complicated
by the fact that thvee of the grade seven groups (7MT, 7MD, 7NT) showed
numerically equivalent or lower mean number of categorization responses than
equivalent grade two subjects. Only the control condition (7ND) was higher
than the corresponding grade two group (2ND). On the basis of the fore-
going reasoning it was expected that the grade seven groups would be inter-
mediate between the grade two and grade tweive groups in terms of category
responses. The data indicate that this occurred for the control condition,
but not for conditions that had received either truth-table pretraining or
the memory aid. Assuming that these orderly changes in categorization do
occur, two interpretations of these discrepancies are possible: (1) in
some ways the experimental manipulations depressed these kinds of responses
at the grade seven level, or (2) that the measure chosen to describe the
underlying hypothesis selection behavior was not sensitive enough to ade-
quately represent it. The first alternative is simply supported by the
fact that the control condition (7ND) conformed to expectations in being
intermediate between grade two and grade seven groups. However, why truth-
table pretraining and memory aid should depress categorization responses is
not clear (in fact, the truth-table pretraining was expected to increase
such behavior). The second alternative seems more 1ikely. The criterion

chosen for deciding that a particular response was a categorization response
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might have been too strict; the criterion was that the hypothesis should
be phrases in terms of the categories of the truth-table. The problem with
this criterion is that other categories may have been used and that the
overt behavior did not reflect such underlying categories. A more direct
measure of such categorization behavior would have been available if a pro-
cedure were used in which the subject described the dimensions and attributes
of the hypothesis in terms of specified symbols (as in Furth et al., 1970).
Through such a procedure the form of hypothesis that a subject holds (i.e.,
whether they are categorical) could be more accurately specified without
relying on verbal descriptioiis.
The method of obtaining information about the subject's hypotheses
in the present experiment relied on the subject's verbalization of these
hypotheses. While such a procedure of obtaining knowledge about the sub-
Ject's covert states has been critized (Archer, 1964; Levine, 1969, 1970),
a recent comparison (Karpf and Levine, 1971) of an objective method (blank
trials method) and the present method of obtaining the subject's current
hypotheses indicates that both methods yield the same description of the
hypotheses underlying the subject's overt behavior. This indicates that the
method of verbal reports is a valid way of specifying these underlying states.
Another analysis of performance on the test task that yielded quali-
tative age differences was the analysis of error types. Each error was
categorized into one of the four categories of the truth-table. For example,
an error on an item that contained neither relevant positive attributes was
classified as a Type 4 error. This kind of analysis has been performed
previously on errors in conceptual rule Tearning tasks. The intent of
these analyses have been to identify sources of rule difficulty by locating

which particular category of stimuli presented the greatest difficulty for
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the various conceptual rules (e.g., Bourne and 0'Banion, 1971; Bourne
and Guy, 1968), or to document the presence of the truth-table strategy
(Bourne, 1969). The intent of the present error analysis however was to
present evidence for the developmental changes in the type of errors sub-
Jects made. Since with this method of error analyses there are four depen-
dent scores for each subject, a multivariate analysis of variance and a pro-
file analysis was performed on these error scores. All three main effects
were significant. The analysis indicated clearly that the three grades
differed in the kind of error they made. For the grade two subjects the
Type 4 error was the most common error, while for the grade twelve subjects
the Type 4 error was the least common error. This grade effect can be in-
terpreted as indicating that the grade twelve subjects were better able to
differentiate the Type 4 stimulus from other kinds of stimuli than the
younger subjects. The grade twelve students made on the average less than
one error in this category, indicating that they easily classified all items
in this category as negative stimuli. For the grade twelve students the
stimuli that contained one or both relevant attributes posed more difficuity
in assignment.

The grade two students on the other hand made considerably more Type
4 errors than other types of errors, possibly reflecting the composition
of the stimulus set: there were more Type 4 stimuli than any other type.
The fact that the grade two students made an average of 4.5 errors in this
category indicates that this type of stimulus was not treated as one easily
defined category. The error data provide further evidence for the increase

in the ability to categorize items into the four truth-table categories with

increases in age as hypothesized by Bourne (1969a).
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The findings of this study aiso have implications for Piaget's (1953)
theory of intellectual development. Piaget is primarily concerned with
describing the normal course of developmental changes in intellectual
functioning rather than with the effects of special training and experience
on developmental progressions. Piaget and Furth, et al. (1970), who have
applied Piaget's theory to conceptual rule learning, have specified the
kinds of changes in the understanding and use of concepts to be expected
for the age range and type of procedures used in the present study. The
youngest subjects (grade 2, age 7 years) should experience difficulties in
the proper understanding and use of logical connectives of the type used in
the present study.v Furth (1970) makes the more specific prediction that it
would be discordent truth value items (TF or FT items) rather than concor-
dent truth value items (TT or FF items) that would be difficult for children
of this age. These children are characterized as Tacking 'mobility' or the
ability to differentiate the truth value of items. They can properly apply
connectives to concordent truth value items, but in the case of discordent
truth value items they will tend to improperly classify an item as either
completely true (TT) or completely false (FF). The reason for this is that
for these children symbolic behavior is not yet 'interiorized' or dissociated
from external or personal constraints. Only when 'interiorized' symbolic
functioning has been attained (at about age 11 - 12 years) is their be-
havior characterized by propositional thinking. At this (propositional
thinking) level of symbol use, symbols and connectives can be manipulated
properly regardless of the content of the proposition.

On the basis of such reasoning the youngest children in the present

experiment should do poorly on the conceptual task involving a connective
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of intermediate difficulty for adults. This was found, but it was also
shown that special training and memory requirement reductions greatly im-
proved these children's performance. It is not clear whether this train-
ing and manipulation effect has implications for the theory, because
Piaget has not ruled out local improvements in conceptual performance as
a result of such special conditions. Early interpretations of Piaget
(Flavell, 1963), assumed that no improvement could be effected for conser-
vation concepts by special training. Piaget (1970) has essentially re-
tained this position. In analyzing an experiment designed to train child-
ren on a conservation concept, Piaget concludes that training is only
effective in strengthening existing development, and that “...learning is
subordinate to the subjects' levels of development. To summarize, learning
appears to depend on the mechanisms of development and to become stabie only
insofar as it utilizes certain aspects of these mechanisms, the instruments
of quantifications themselves, which would have evolved in the course of
spontaneous development" (Piaget, 1970, p. 716-717). However, a review
of the literature on training conservation concepts (Brainerd and Allen,
1971) concluded that such training can lead to specific transfer. A
similar conclusion has been made for the development of concept learning.
For example, Youniss and Furth (1964) found that transfer of learning of
logical connectives such as conjunction and disjunction from one task to
another could be increased by training for children aged nine to fourteen
years. But age, and therefore the level of intellectual development,
determined the amount of transfer. The older children gained more trans-

fer than the younger ones, suggesting that some aspects of the task were

not amenable to training at the lower ages.
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In another context Furth has made Piaget's position on the effect
of training on conceptual development more specific. Furth has stated

that specially training children on concepts cannot lead to a complete

mastery of concepts.

For Piaget, therefore, while some particular aspect
of conceptual behavior can be readily observed within
a paradigm of training or learning. the more general
and more vital aspects of conceptual skill develop
imperceptibly over yzars of gradual growth (Furth et
al., 1970, p. 56).

While the impiication of training effects in this study of Piaget's
theory are not definite, the analysis of error types does have implications
for Piagetian treatment of the development of propositional thinking. The
analysis of error types for the grade two subjects indicates that the cat-
egory of greatest difficulty was the "F F" category, which is a concordent
truth value category. In fact, the two discordent categories (FT and TF)
produced numerically fewer errors than either of the concordent categories.
This finding puts some doubt on Piaget's assertion regarding the manipu-
lation of symbols at this stage of development (as stated by Furth et al.,
1970). What may be more important in conceptual development than the
distinction between concordent and discordent categories is a clear com-
prehension of all of the possible items in a particular category (i.e.,
an extensive definition of a category). Such an understanding of a con-
cept has been thought (Bourne, 1965a) to be based on several component
abilities, such as the ability to learn stimulus equivalences, negations,
and at a higher level, the truth-table strategy. A similar view of cog-
nitive behavior has been propesed by Berzensky (1971) for the problem

solving and conceptual behavior of children. By factor analyzing & number
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of diverse tasks (causal reasoning, conservation and problem solving
tasks) Berzonsky found several underl ying component abilities, which were
more important in determining the performance on these tasks than a single
factor of 'logical understanding'.

So far, grade differences in error types distributions have been
considered apart from the effect that a particular conceptual rule may
have on such distributions. Bourne and Guy (1968) have shown that the dis-
tribution of errors for the four types of stimuli (of the truth-table cat-
egories) depends on the particular rule employed, at least on an initial
rule learning problem. Bourne and Guy found. that for the conjunctive and
disjunctive rule problems the discordent truth value items (TF and FT
items) produces more errors than concordent truth vaiue items (TT and FF
items) for adult subjects. A similar finding has been reported by Furth
et al., (1970) for grade one to six students. On the basis of their find-
ings (and Piagetian theory) Furth suggests that the difficulty of these
children with the discordent truth value items is a developmental phenom-
enon, indicating a general lack of ‘mobility® of the thinking of children
of this age. The present study however has shown that for exclusive dis-
junctive rule the most difficult kinds of items for grade two subjects
are those with concordent truth values, especially 'F F* category items,
while for the grade twelve students these items were of least difficulty
(although not statistically significantly). This clearly indicates a
developmenta® change in the distribution of types of errors, which can be
accounted for in terms of the present analysis of the developmental pro-
gression of conceptual development. A lack of an efficient way of cate-

gorizing the large diversity of the 'F F* category items into a single
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overall category based on the truth-table schema may be the 11ke1y reason
why these stimuli proved difficult to the youngest subjects. With the
experimental manipulations the difficulty of this category of stimuli was
no longer present.

| One aspect of the results of the present experiment that is consonent
with Piaget's theory is the age-related difference in the extent of cate-
gorical verbalization of the concept. Furth et al., (1970) have made the
point that the understanding of a concept implies the ability to verbally
describe that concept. The extent to which the grade two subjects phrased
the concept in categorical form»was Tow, compared to the two higher grades.
This may indicate a level of intellectual functioning that fails to invo]Ve
a complete understanding of the concept.

The problem of training effects on conceptual development are of
course broader than to decide whether a specific training procedure can .
produce increases in performance at a given age to reach the level of per-
formance of some later age on a specific task. It wbu]d be more desirable
to show that such training effects are not specific and 1imited but are
general and applicable to many different situations. The truth-table
strategy employed in the present study may contain such generality for a
variety of conceptual behaviors. Bourne's (1969a) and the present study,
have provided some evidence for the generality of the truth-table strategy
across age levels. However, the large memory load effect differences
between grades, regardiess of training conditions, may indicate a major
Timitation of the conceptual behavior of young children. Yet it may be
that such memory limitations of the younger subjects could be reduced by
more extensive classification training, especially since the data of this

study indicate a deficiency of proper categorization at the lower grades.
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Footnotes

1The multivariate analysis of variance was carried out by a

computer program from the Division of Educational Research at the
University of Alberta.
2The profile analysis was carried out by a computer program from

the Division of Educational Research at the University of Alberta.
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Appendix I. Instructions Used in This Experiment

1. General Introduction to Tasks.

Have you ever played cards before? We are going to play a game of
cards here, and let me show you how we play this game. First I will show
you what the cards look 1ike. (Demonstrate). The shape of the figure on
the card can be a triangle, a square, or a circle. The color can be blue,
yellow, or red. The size can be small, medium, or large, and the number
of figures on the cards can be one, two, or three. (Grade two subjects
were asked to name the last two attributes of each dimension after the

first attribute was identified.)

2. Trutthab]e Pretraining Instructions.

The first thing we will do is to divide the cards into four piles
depending on two important things. The two important things are "red"
and "triangle". (Demonstrate). If a card is red and a triangle - that
is a red triangle - then it will go into this box (T-T category). If a
card is red, but not a triangle, such as a red circle or a red square, it
will go into this box (T-F). If a card is a triangle, but not a red tri-
angle, but a blue triangle or a yellow triangle, it will go into this box
(F-T). And if a card is not red and not triangle, for example a blue
circle, it will go into this box (F-F). The names of the four boxes are
"red triangles”, "reds", "triangles", and "nothings", the last box s
called "nothings" because the cards in it do not have any of the important
things in it, i.e., red or triangle.

Can you remember the four names of the boxes? Can you name them?

Now sort these cards into the four boxes. (During sortings the S was
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corrected for misnaming a category and for placing a card in a wrong
category. After completion of the first sorting problem, the subject
was given a new set of relevant attributes and asked to sort with these
values.)

In the next sorting we will do the same thing as before, éxcept
that the two important things are "yellow" and "square". Can you think

of the four names for the four boxes?

3. Dimension-pretraining Instructions.

The first_thing we will do is to divide the cards into three piles
depending on the shape of the figures on the card, such that there will
be one pile foé triangles, one for squares and one for circles. (The
same instructions are given for the other dimensions, i.e., color, size,

and number of figures.)

4. Instructions for Conjunctive Rule Learning Task (Practice Problem).

Now that you've got to know the cards a little better we can start
playing the first game. In this gaﬁe there are two important things:
the first important thing is "red" and the second important thing is
"square". I am going to show you one card at a time, and you see if you

can figure out which cards are called winners and which cards are called §

Tosers.

5. Instructions to the Groups Receiving Truth-table Pretraining Follow-
ing the Conjunctive Task.

If you think about "red" and “"square" in terms of these four boxes
(from the truth-table pretraining task), which ones were the winners?

You can see that in other games we could have other boxes winners,
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whichever ones we wanted to. For example, we could have the "squares"
as winners, or the "squares" and "red squares" as winners. This is a
good way to think about the cards if you try to figure out winners and
Tosers in such a game.

6. Instructions for the Exclusive Disjunctive Rule Learning Task (Test
Problem). _

In our next game we are going to play with the cards on this board.
Under each card will be one of these faces. (Demonstrate). If a card is
a winner there will be a happy face under it, and if a card is a loser
there will be a sad face under it.

The two important things in the next game are "blue" and "circle".
Now this game will not be the same as the "red-squares" game we just
played. The two important things are different, i.e., they are blue and
circle now, and the kinds of winners will also be different. Let's try
the first one.

(Subjects in the truth-table pretraining condition are asked prior
to the first trial): Can you think of the names of the four boxes with
"blue" and "circle" as the important things?

(After each row of nine cards): Now remember the two important
things in this game are "blue" and "circle", and which ones do you think

are always the winners?



Appendix II.

Analysis of variance of trials to criterion on the practice task.

Table A

Analysis of Variance Tables

67.

Source SS df MS F P
Grade (G) 7.62 2 3.81 6.22 .01
Memory (M) .38 1 .38 .62 -
Training (T) 11.36 1 11.35 18.54 .01
GxM 4.30 2 2.15 3.51 .05
GxT 6.59 2 3.29 5.38 .01
MxT .25 1 .25 .40 -
GxMxT 3.52 2 1.76 2.87 -
S(GMT) 66.16 108 .61 - -




Table B

Analysis of variance of trials to criterion on

the test task.
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Source SS df MS F P
Grade (G) .96 2 .48 12.85 .01
Memory (M) .50 1 .50 13.38 .01
Training (T) .22 1 .22 5.82 .05
GxM .24 2 12 3.19 .05
GxT .05 2 .03 .61 -
MxT .01 1 .01 12 -
GXxMxT .06 2 .03 .76 -
S(GMT) 4.04 108 .037 - -




Analysis of variance of total errors on test task.

Table C
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Source SS df MS F )
Grade (G) 2.12 2 1.05 9.44 .01
Memory (M) 1.47 1 1.47 13.11 .01
Training (T) .56 1 .56 4.96 .05
GxM .15 2 .08 .68 -
GxT .16 2 .08 .73 -
MxT 0 1 0 .02 -
GxMxT 1 2 .05 .46 -
S(GMT) 12.12 108 1 - -




Table D
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Analysis of variance of percent of category solutions on test task.

Source

SS

df

MS F P
Grade (G) 35973.22. 2 17986.61 10.95 .07
Memory (M) 1074.01 1 1074.01 0.65 =
Training (T) 4236.40 1 4236.40 2.56 -
GxM 1355.13 2 677.56 0.41 -
GxT 122.56 2 56.28 0.03 -
MxT 161.00 1 161.00 0.10 -
GxMxT 3149.96 1574.98 0.95 -
s(eMT) 178972.90 108 1657.16 - -




Appendix III: Raw Data
Table E

Trials to Criterion on Practice Task for the

Twelve Experimental Groups.

2MT 2MD 2NT 2ND 7MT 7MD 7NT 7ND  12MT 12MD 12NT 12ND
16 20 16 24 16 16 16 16 16 16 19 16
16 16 23 19 16 16 16 16 16 16 16 16
18 25 16 34 16 16 16 16 17 16 16 16
19 18 18 21 20 16 16 16 16 21 16 16
16 16 16 16 16 18 21 16 21 16 16 17
20 25 19 23 16 23 16 16 16 25 16 16
16 23 16 25 16 28 16 20 16 20 19 18
16 19 16 25 21 22 16 16 21 19 19 16
17 16 16 46 16 42 18 16 16 18 16 16
16 25 16 20 16 21 16 27 16 16 16 16



72.

Table F

Trials to Criterion on Test Task for the

Twelve Experimental Groups.

Memory No Memory Memory No Memory Memory No Memory

2MT  2MD 2NT  2ND 7MT  7MD JNT  7ND 12MT 12MD  12NT 12ND

33 43 16 71 25 31 53 45 38 25 19 18
33 25 36 88 16 61 18 25 25 25 18 30
39 61 37 59 25 33 22 76 26 25 .18 54
32 45 119 75 38 25 33 88 31 33 25 33
38 54 16 16 25 25 25 25 25 18 26 20
25 35 75 114 25 25 125 25 44 25 25 25
16 34 125 33 25 43 33 33 17 18 25 33
25 43 82 125 19 25 33 86 25 33 33 50
25 25 25 45 31 25 40 25 25 28 22 18

38 51 73 125 18 42 90 93 25 24 26 37



Table G

Total Errors on Test Task for the

Twelve Experimental Groups.

2MT  2MD 2NT 2ND 7MT 7MD 7NT . 7ND 12MT 12MD 12NT 12ND

1 4 1 2 1 4 3 6 2 2 3 &
5 3 1 6 3 5 2 6 2 6 3 4
6 9 2 1 3 3 6 3 5 2 2 5
4 9 % 12 5 5 6 5 3 5 3 5
4 13 16 28 5 7 10 7 2 4 6 6

M 7 29 24 3 7 8 9 & 2 71 7
8 12 23 21 6 4 13 19 5 5 5
9 15 21 3% 6 6 19 28 7 4 8 7
7 15 38 6 6 11 20 20 7 6 7 1
6 20 53 43 9 21 43 15 8 8 5 1



Appendix IV:

Transformation of Data

Table H
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Means of the logarithmic transformation of total errors on

the test task for the twelve experimental groups (standard

deviations are in brackets below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D
.716 .972 .612 791 .597 .596

(.286) (.269)

1.01 1.23
(.655) (.444)

(.268) (.244)

.956 .981
(.399) (.323)

(.239) (.222)

.650 .785

(.204) (.159)




Table I
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Means of the inverse times 100 transformation of trials

to criterion on the practice task (standard deviations)

are in brackets below the means).

Grade
2 7 12

Pretraining Pretraining Pretraining

Memory T D T D T D
5.92 5.09 5.98 5.02 5.92 5.58
M (.48) (.97) (.58) (1.34) (.62) (.81)
5.89 4.29 6.03 5.87 5.95 6.14
" (.65) (1.15) (.49) (.86) (.48) (.24)
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Table d

Means of the logarithmic transformations of trials

to criterion on the test task (standard deviations

are in brackets below the means).

Grade
2 7 12
Pretraining Pretraining Pretraining
Memory T D T D T D

1.47 1.60 1.38 1.50 1.43 1.40
M

(.12)  (.13) (.11)  (.18) (.11)  (.09)

1.68 1.81 1.59 1.65 1.37 1.47
N

(.34) (.28) (.26) (.25) (.08) (.17}




