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Current rule-utilization research indicated that 

subjects successively tested multiple conceptual rules, 

available from natural preexperimental experience, to solve 

a sorting task. Prior results suggested that older sub-

jects were more efficient in utilizing rules and shifting 

to unused rules, possibly due to the availability of more 

conceptual rules at higher age levels. The experimental 

groups consisted of third, fourth, sixth, ninth graders, 

and college students. Each of the five groups contained 

16 subjects. The rule-utilization procedure was applied 

to each group. The procedure contained a multitrial, 

card sorting task. The feedback given at the end of each 

trial was limited to the correctness of the entire card 

sort and did not provide information on the correctness of 

the sorting for any individual card. All subjects in each 

group were run until they used both bidimensional rules 

(the conjunctive and the inclusive-disjunctive rule), or 

until a limit of 30 trials was reached. Older subjects 

(sixth/ninth graders and college students) utilized a 



bidimensional rule in significantly fewer trials than 

fourth graders. In turn, fourth graders utilized a Tridi-

mensional rule in significantly fewer trials than third 

graders. Adults shifted from one disconfirmed bidimensional 

rule (whether conjunctive or inclusive-disjunctive used 

first) to the other bidimensional rule in significantly 

fewer trials than fourth graders.The efficiency of older 

subjects in solving the sorting task was attributed to 

differences in number of bidimensional rules available at 

each age level. The majority of sixth/ninth graders and 

adults used both the conjunctive sort and the inclusive-

disjunctive sort. Fourth graders were largely limited to 

conjunctive sorts, and third graders were largely limited 

to affirmative sorts. A significant interaction was found 

between rule (conjunctive, inclusive-disjunctive) and grade 

level. Fourth graders utilized the conjunctive sort in 

significantly fewer trials than the inclusive-disjunctive 

sort. There were no significant differences in the number 

of trials to the use of the conjunctive and inclusive-

disjunctive rules for sixth/ninth graders and adults. It 

was concluded that older subjects (sixth/ninth graders and 

adults) were more efficient in solving a card sorting task 

with a bidimensional rule, because they had both the con-

junctive and inclusive-disjunctive rules available. Fourth 

graders were less efficient than the older subjects but 



more efficient than the third graders, because they had 

the conjunctive rule available. The general hypothesis of 

rule utilization research was supported that subjects 

successively test multiple conceptual rules, which were 

assumed to be available from natural preexperimental 

experience. Findings were extended to state that older 

subjects were more efficient due to the availability of 

a larger number of rules. Further research was suggested 

relative to the reliability of the rule utilization pro-

cedure, effect of other factors, generalizability of the 

findings, and application to rule-learning experiments. 
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RULE UTILIZATION AND RULE SHIFT: 

A DEVELOPMENTAL STUDY 

There has been general agreement that the more concepts 

we could learn, the more our adaptive behavior was enhanced 

(Hulse, Deese, & Egeth, 1 9 7 5 ) . Dominowski ( 1 9 7 4 ) noted 

that there was a wide variety of concepts, such as probabil-

istic, relational, quantitative, and linguistic concepts. 

Therefore, much experimental work has been done on the 

learning of concepts, the most extensive of which was on 

categorical, nominal, or class concepts by Bourne and his 

associates (Bourne, 1970, 1974; Bourne & O'Banion, 1971; 

Haygood 6 c Bourne, 1 9 6 5 ) . However, Horton & Turnage ( 1 9 7 6 ) 

observed that, in addition to the learning of concepts, the 

utilization of concepts which have been previously acquired 

was also an important aspect of conceptual behavior, since 

much of our everyday problem solving required the use of 

previously learned concepts. They noted a need for research 

on conceptual rule utilization. 

Several authors have made a distinction between concept 

utilization and concept learning (Blount, 1968; Crager & 

Spriggs, 1969; Gagne, 1970). Concept utilization referred 

to the utilization of concepts previously formed outside the 

immediate experimental situation to solve the experimental 



problem. The experimenter's task was to tap the subject's 

repertory of previously learned concepts and/or study them 

in use. Concept learning, in contrast, referred to situa-

tions in which subjects formed, acquired, or attained a new 

concept during the experiment. However, prior concept-

utilization studies dealt only with color or form preference 

and relational concepts. Little was available on utiliza-

tion of nominal concepts. Bourne (1974) inferred that 

subjects were using prior-learned conceptual rules if trials 

to criterion decreased on subsequent rule learning tasks 

in which the relevant attributes were changed. However, 

no provision was made in that experiment to determine what 

rules the subject already knew from preexperimental exper-

ience. A considerable amount of research was available on 

the learning of nominal concepts. 

A nominal concept, as studied by Bourne (1974), consisted 

of two components: a set of relevant attributes and a rule 

which connected those attributes. For example, a baseball 

was an object which was circular, of a certain weight, 

composition, size, and used in a particular game. The rule 

connecting the attributes was one of conjunction, "and." 

For the concept of strike in baseball, the rule connecting 

the attributes was one of disjunction, "or." A strike was 

a pitched ball passing through the strike zone over home 

plate, a pitched ball swung at and missed, or a fouled ball. 



The five primary rules and their complements are des-

cribed in Table 1. The primary rules were bidimensional, 

except the affirmative which was unidimensional. An example 

of an affirmative rule was all red objects in a set of 

obj ects. 

Table 1 

Five Primary Rules and Their Complements 

Primary Rule Complementary Rule 

Name Description Name Description 

Affirmative 

Conjunctive 

Indus ive-
disjunctive 

Conditional 

Bicondi-
tional 

All red objects 

All objects which 
are both red and 
square 

Negation 

Alternative 

All objects which Joint 
are red or square Denial 
or both 

All objects Exclusion 
except if an ob-
ject is red, then 
it must be square 

All objects except Exclusive-
if an object is disjunctive 
red it must be 
square and if 
square, then red 

All nonred 
objects 

All objects 
which are not 
red and square 

All objects 
which are 
not red or not 
square or not both 

All objects 
which are red 
and not square 

All objects 
which are 
square or red 
but not both 

Note: This table was adapted from Bourne (1970). 



In all there were 16 logical rules within the calculus 

of propositions. All of the rules could be reduced to the 

5 primary rules: affirmative, conjunctive (and), inclusive-

disjunctive (and/or), conditional (if, then), and bicondi-

tional (if and only if). 

In rule learning, the subject knew the relevant attri-

butes and learned a new rule for connecting those attributes. 

It was assumed that the subject did not have previous 

knowledge of that rule. 

Regarding procedure for the rule learning paradigm, 

the subject was told what the relevant attributes were (for 

example, the shape square, the color red). Then a set of 

objects of various shapes and colors was presented, either 

using a reception mode or a selection mode. If the recep-

tion mode was used, each object was presented one at a time. 

The subject's task was to label each object as either a 

positive (true) or a negative (false) instance of the 

concept, and the experimenter said correct or incorrect after 

each response. If the selection mode was used, the subject 

chose from among a display of objects, and the experimenter 

said correct or incorrect after each choice. In the rule 

learning task, the subject continued to respond until all 

of the objects were being consistently labeled correctly, 

according to the rule the experimenter had in mind. If the 

rule to be learned was the conjunctive, then all objects 



which had both attributes, red and square, were positive 

instances. If the rule was the inclusive-disjunctive, then 

all objects which were red or square or both were positive 

instances. 

Bruner, Goodnow, and Austin (1956) were the first to 

observe that adult subjects had a strong, seemingly natural 

tendency to sort objects in a conjunctive fashion. This 

tendency was called the conjunctive bias (Bourne, 1974; 

Sawyer & Johnson, 1970). It accounted for the consistent 

finding over several rule-learning studies (Salatas & Bourne, 

1974) which showed the order of difficulty with regard to 

rule learning from least to most difficult as conjunctive, 

inclusive-disjunctive, conditional, and biconditional. 

Bourne and O'Banion (1971) found with a rule-learning 

task that the inclusive-disjunctive rule was more difficult 

than the conjunctive rule at ages 9, 11, 13, and 15, but the 

rules were equivalent in difficulty at age 19. King (1966) 

found that conjunctive rules were significantly easier than 

inclusive-disjunctive rules at ages 6, 9, 12, and adult. 

King observed that children 6 years of age tended to perse-

verate with unidimensional hypotheses (affirmative rules) in 

trying to solve conjunctive and inclusive-disjunctive rule-

learning tasks. 

An inference model was developed to account for the 

observed differences in difficulty among rules with the 



conjtinetive bias as the cornerstone (Bourne, 1974; Sawyer & 

Johnson, 1970). According to this model, the conjunctive 

rule was easiest because it did not violate the naive sub-

ject's initial conjunctive bias. 

In a truth-table format, the conjunctive bias (or four 

inference operations with which the subject was assumed to 

begin the task) were as follows: 

(1) True, True (TT) instances were positive. The sub-

ject expected an object having both named attributes to be 

a positive instance. For example, when red and square were 

the relevant attributes, a red square was a positive instance, 

(2) False, False (FF) instances were negative. The 

subject expected an object not having both named attributes 

to be a negative instance. For example, a blue triangle or 

a yellow triangle was a negative instance. 

(3) True, False (TF) and False, True (FT) instances 

were negative. The subject expected an object having one, 

but not both, named attributes to be a negative instance. 

For example, a red circle and a blue square were both nega-

tive instances. 

(4) TT instances belonged in a different category 

from FF instances. 

Bourne (1974) calculated a numerical value for each 

rule. The difficulty value for a conjunctive rule was zero, 

because it violated none of the subject's initial biases. 



The difficulty value for the other rules was determined by 

counting the number of objects whose classification violated 

operations 1, 2, and 3. For example, in a two-dimension task 

(color, shape) containing three values on each dimension 

(red, blue, yellow and square, circle, and triangle), there 

were nine possible objects. Under an inclusive-disjunctive 

rule, there were four objects (red circle, red triangle, 

blue square, and yellow square) which violated operation 3. 

Therefore, the difficulty value was four. Bourne assumed 

that each object which violated operations 1, 2, and 3 

added a constant increment of difficulty. For more diffi-

cult rules, Bourne arbitrarily assumed that the value of 

the violations of operation 1, 2, and 3 should be doubled, 

whenever operation 4 was violated (Dominowski & Wetherick, 

1976). Bourne (1974) presented data to show reasonable 

correspondence between the scale of predicted rule diffi-

culty and actual performance in terms of mean trials and 

mean errors to solution. 

Dominowski and Wetherick (1976) tested the basic 

assumption of the inference model, that adults have an 

initial conjunctive bias, by providing no feedback during 

or after the first trial of a rule-learning task. The 

proportion of "yes" responses by truth-table class were 

TT, .99; FF, .03; TF, .75; and FT, .73; thus, providing 

strong support for inference operation 1 and inference 



operation 2 of the inference model, but no support for 

operation 3. The initial conjunctive bias predicted by the 

model was used by only 15.6% of the subjects, and the 

inclusive-disjunctive bias was used by the majority (58.5%) 

of the subjects. Reznick and Richman's (1976) results also 

showed individual differences in initial biases, which in 

turn were reflected in trials to criterion. They recommended 

a multibiased inference model. 

No provision was made in Bourne's (1970) experiment to 

test for rules the subjects already knew from preexperi-

mental experience, except to make the assumption that 

subjects have only a conjunctive bias. Gagne (1970) 

observed from a theoretical standpoint that, in concept-

learning studies, it was not clear to what extent subjects 

were using prior-learned concepts to solve the task, and to 

what extent they were genuinely learning a truly new concept. 

At the other extreme, Piagetian research stressed the 

emergence of more complex, conceptual rules at certain 

stages of the subject's mental development (Inhelder & 

Piaget, 1964). They relegated the learning of conceptual 

rules to a minor role. Piagetian researchers used a dis-

covery method, wherein the subject categorized objects 

several times, until the subject discovered the conceptual 

rule. The Piagetian researchers assumed that the subject 

knew the conceptual rule for categorizing the objects 



properly from prior experience and was applying it to a 

new set of objects. Or they theorized that the knowledge 

of the conceptual rule was emerging in the subject's mental 

development, and it was stimulated into full development by 

the subject's discovery of the solution to the problem. 

Inhelder and Piaget (1964) found in studies of the 

intersection of two classes (conjunction) that only 15% of 

subjects ages 5-6 years made a choice which took two attri-

butes into account. A larger proportion of older subjects 

took more than one attribute into account. It was 57% at 

ages 7-8 and 82.5% at 9-10 years. They explained that the 

younger subjects who managed to solve an item did so in 

terms of a more primitive process called graphic imagery. 

They did not really understand the importance of multiplica-

tive intersections (conjunctions). Conversely, the older 

subjects started from the multiplication of properties. 

The problem solving ability of subjects passed with age 

from the stage of using one attribute at a time (affirmative 

strategy) to using two attributes at a time (conjunctive 

strategy). Then, there appeared to be a transitional stage 

during which subjects solved disjunctive problems (A or B) 

with conjunctive strategies (A and B, A and not-B, and not-A 

and B). For example, the subjects below high school age 

would explain their solutions of a disjunctive problem with 

the word "and" instead of the word "or." 
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Neimark (1970) explained this sequence in Piagetian 

terminology as follows: 

Identification of properties is a development of 

early childhood (and is probably intimately re-

lated to language development); classification with 

respect to properties and even intersection of 

property classes is a concrete operation that is 

perfected during the 7-10 age range. Thus, it is 

not surprising that identification of sets appears 

first, followed by ability to deal with intersec-

tion of sets. When confronted with more complex 

tasks, such as dealing with disjunction, or set 

union, the child should employ operations already 

in his repertoire (such as constructing intersects 

of sets and set intersects). Ability to deal with 

more complex structures implies an ability to deal 

with all 16 binary combinations of classes; this 

is a formal operation and an attainment of adoles-

cence. Thus, it is not surprising to find that 

(1) understanding of "or" develops over the high 

school age range and (2) errors in dealing with 

"or" are largely attributable to application of 

concrete operations which, in turn, are inadequate 

for set unions. (p. 219) 

In the transitional state, the behavior of subjects 

might not look much different from that of older subjects, 
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except in terms of trials to criterion and possibly latency 

of response. However, verbalizations during and after the 

experiment might provide much insight into why older subjects 

were more efficient in solving disjunctive problems. 

Youniss and Furth (1964) found clear superiority of 

sixth and seventh graders over fourth and fifth graders in 

transfer of learning of conjunctive (A and B) and exclusive-

disjunctive (A or B) concepts. Also, the older subjects were 

far better able to verbalize the concepts, thus indicating 

that they learned the symbols as content-free associations. 

This allowed the older subjects to manipulate the response 

symbols independently of the context within which they were 

attained, when new instances had to be categorized. The 

percentages of subjects verbafLizing correctly the exclusive-

disjunctive (ED) and conjunctive (C) concepts were respec-

tively as follows: Fourth grade, ED - 23%, C - 58%; fifth 

grade, ED - 18%, C - 59%; sixth grade, ED - 75%, C - 88%; 

seventh grade, ED - 67?0, C - 7 2 7 o . Several investigators 

(Ciborowski & Cole, 1972; Greer, 1979; Hatano & Suga, 1977; 

Neimark, 1970) have provided results and observations 

concerning the relative diffi 

over conjunctive concepts (Greer's results were opposite) 

and the more cumbersome explanations used by younger sub-

jects in explaining their sol 

culty of disjunctive concepts 

utions. In Greer's study, the 
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crude but objective measure of number of words utilized in 

the explanation was found to correlate very highly with rule 

difficulty. 

The verbal explanation a subject provided during and 

after a task was an essential part of the Inhelder and 

Piaget (1964) procedure, and it gave considerable insight 

into the inferences made by the subject. American investi-

gators of concept learning have preferred performance, 

rather than explanations from the subject, as a criterion 

for solution (Hulse et al., 1975). Dominowski (1974) 

stated that analysis of response sequence has been tried by 

a number of investigators in attempting to describe sub-

ject's selection strategies (e.g., Bruner et al., 1956; 

Byers, 1963; Giambra, 1971). He also stated that subjects 

required to hypothesize after each trial solved the problem 

more efficiently than control-subjects (Byers & Davidson, 

1967; Dominowski, 1973). Dominowski (1974) stated that 

subjects were forced to process information differently 

when required to hypothesize. However, he believed that if 

our objective was to understand how subjects discovered 

concepts, ample opportunity should be provided to let them 

tell us how they did it. He suggested such techniques as 

thinking aloud during the task, requiring reports of 

hypotheses used during the task, or posttask reports. 
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A posttask report was least likely to change the way a 

subject processed information, although it might provide 

less information because it was dependent on memory. King 

(1966) used a postexperiment interview in his developmental 

concept-learning study. He found that the 6-year-olds, who 

were erroneously using an affirmative hypothesis in trying 

to solve conjunctive and disjunctive problems, were even-

tually able to solve the problem and to show transfer to 

subsequent problems but were not able (57%) to explain the 

solution. 

In summary, Bourne and his associates (Bourne, 1970, 

1974; Bourne & O'Banion, 1971; Haygood & Bourne, 1965; King, 

1966; Salatas & Bourne, 1974; Sawyer & Johnson, 1970) found 

the conjunctive rule easier than the inclusive-disjunctive 

rule on rule-learning tasks across age. The relative ease 

of the conjunctive rule was explained by the inference 

model based on the conjunctive bias. 

Relying heavily on the discovery method and on subject 

verbalizations, Inhelder and Piaget (1964) found that the 

use of the affirmative rule occured earliest in development, 

followed by the conjunctive, and then later the inclusive-

disjunctive during adolescence. According to Neimark (1970), 

the inclusive-disjunctive rule developed over the high school 

years. There was a transitional period in preadolescence 

during which the conjunctive strategy was used to solve 

inclusive-disjunctive problems. 
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The simplicity of Bourne's model was brought into 

question by the performance of adult subjects on the first 

trial of rule-learning tasks (Dominowski & Wetherick, 1976; 

Reznick & Richman, 1976). Not all adult subjects had a 

conjunctive bias, but instead the majority had an inclusive-

disjunctive bias. 

Rakowitz, Kennelly, and Jolly (1979) hypothesized that 

subjects had available from natural experience multiple 

conceptual rules, or hypothesis domains as described by 

hypothesis theory (Levine, 1974), which they successively 

tested on a rule-learning task. In a rule-learning experi-

ment where red and square were the relevant attributes, the 

set of all single attributes (e.g., all red items, all 

square items) constituted one domain. The conjunctive 

domain constituted another domain with just one class of 

item (all items that were both red and square). The sub-

ject might also have available the domains of other nominal 

rules (inclusive-disjunctive, conditional, etc.) from which 

to sample. The subject might also sample from open ended 

domains, which have an infinite or very large number of 

solutions involving such considerations as sequence, or 

from a miscellaneous domain of idiosyncratic hypotheses. 

According to Levine's (1974) transfer hypothesis, the 

subject eliminated those hypotheses which were disconfirmed 
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by feedback, thereby reducing the size of the set of hypo-

theses sampled. When the subject exhausted that set, the 

subject sampled from a new domain or resampled from the old 

domain. If the subject was sampling from an incorrect set 

which was infinitely large, the problem might go unsolved. 

Levine has limited his work to hypothesis testing within 

the domain of the affirmative hypothesis. Also, concept 

usage studies referenced by Crager and Spriggs (1969) have 

been limited to affirmative hypotheses such as preference 

for shape or color. Lane, McDaniel, Bleichfeld, and Rabino-

witz (1976) found that subjects with prior training on 

conjunctive and affirmative solutions sampled from the two 

domains on subsequent problems. 

The rule-learning task used by Bourne and his associates 

provided feedback as to correctness after each object was 

assigned to the positive or to the negative category by the 

subject. Therefore, the effects of the subject's rule 

testing, according to Rakowitz et al. (1979), might have 

been obscured by what the subject was learning about each 

object and the influence this might have had on his/her 

subsequent behavior. In contrast, the rule-utilization 

procedure developed by Rakowitz et al. provided feedback 

only after the subject sorted all of the objects. The 

feedback referred to the correctness of the whole sort and 

gave no information about the correctness of the sort of 
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any one object in the set of objects. The posttrial feed-

back continued on subsequent trials until the subject 

solved the problem. A similar procedure was used by other 

investigators (Dominowski & Wetherick, 1976; Reznick & 

Richman, 1976), but not on all subsequent trials. Thus, 

only one opportunity was available to observe sorts consis-

tent with rules. Also, any subsequent rule testing on 

trials following Trial 1 might have been confounded with 

information learned about each object. 

The rule-utilization procedure was similar to the 

rule-learning procedure, except that the experimenter did 

not provide feedback after the subject's sort of each 

card. Instead, the experimenter gave feedback, such as 

"not right, try again," after the subject sorted all of 

the cards. This feedback continued until the task was 

solved. It was assumed that when the experimenter said 

"wrong" after the whole set of cards were sorted, the 

subject rejected the hypothesis and selected a new one. 

This assumption was based on Levine's (1963, 1966) results 

with adult subjects on simple unidimensional learning 

tasks. Adults switched to a new hypothesis following 

negative feedback. Even children as young as 7 years of 

age rejected a disconfirmed hypothesis, following negative 

feedback (Gholson, Levine, & Phillips, 1972; Phillips & 

Levine, 1975). 
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The rule-utilization procedure was developed to provide 

an opportunity to observe not only what rule the subject 

used on the first trial, but also what rules the subject 

used on subsequent trials. In the first experiment, the 

rule-utilization procedure was used with a reception mode 

of presentation for the cards. Subjects consisted of adults, 

but also children, making the experiment the first investi-

gation of first-trial biases at different age levels. 

Kindergartners were primarily nonrule users (81%) on the 

first trial. However, 64% of the third graders, 70% of 

the seventh graders, and 40% of the adults used a sort 

consistent with an inclusive-disjunctive rule. The inclu-

sive-disjunctive rule group also solved in significantly 

fewer trials than the conjunctive rule group. The results 

constituted a puzzling reversal of the "conjunctive easier 

than inclusive-disjunctive" findings in rule-learning and 

Piagetian research. 

It was hypothesized that the first-trial results of 

their study, as well as the first-trial results of prior 

studies (Dominowski & Wetherick, 1976; Reznick & Richman, 

1976), might have been due to experimental bias. Preexperi-

ment instructions regarding the plus and minus category 

and the reception mode of presentation of the cards might 

have been the biasing factors. The biased subjects might 



18 

have adopted a strategy of sorting which appeared to be the 

usage of an hypothesis consistent with an inclusive'disjunc-

tive sort but was not. 

The subjects were told that in order to find a good 

card, red was important, square was important. It was 

thought that the subjects might have translated "important" 

as the plus (good) category, and thus the subjects produced 

what appeared to be an inclusive-disjunctive sort. 

Regarding the procedural bias, subjects had no know-

ledge of the composition of the card set until, on the first 

trial, each card was exposed one at a time, according to 

the reception mode of presentation. Therefore, the subjects 

might have compared each card, as it was presented, with 

the two attribute cards and called it "good" if it had an 

attribute that matched one of the attribute cards and "bad" 

if it did not. 

In a second experiment with third, fourth, seventh, and 

eighth graders, a rule-utilization procedure with a selec-

tion mode of card presentation was used. The plus category 

was not designated. The subjects were given the two 

attribute cards and told that some of the cards belonged 

to Sam and some to Larry. The result was substantially less 

usage of a sort consistent with an inclusive-disjunctive 

solution on the first trial, indicating biasing factors 

due to instructions and procedure in the first experiment. 
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A conjunctive sort on the first trial was demonstrated 

by the majority of subjects only under one condition. A 

conjunctive sort was given when the card set contained a 

large number of cards representing the TT class (five red 

squares where red and square were the relevant attributes), 

relative to the number in the combined TF and FT classes 

(one red circle and one blue square). The conjunctive sort 

under these conditions was attributed to the perceptual 

"go together" characteristics of five red squares relative 

to a disordant assortment of five other cards, rather than 

to a cognitive set, or subject bias, for a conjunctive 

solution. It was concluded that the perceptual character-

istics of the card set could determine the choice of rule 

which most subjects tested first. The ratio of cards within 

each truth-table class could have had an effect on subjects' 

performance. 

Reznick and Richman (1976) also demonstrated that 

class complexity and class frequency had an effect on sub-

jects' performance. Also, they demonstrated that performance 

on the first trial differed significantly, depending on 

the specific relevant attributes used, such as the attri-

butes blue and square or one and large. However, these 

factors were not an important consideration in the present 

study, since the focus was on rule utilization. The 

relevant attributes, blue and square, were chosen. Eight 
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cards were used, and the class frequency of the cards was 

reduced to the simplest form as follows: 2 blue squares 

(2TT); blue triangle, blue circle (2TF); red square, 

yellow square (2FT); and red triangle, yellow circle (2FF). 

Further followup studies should be undertaken to test 

the reliability of the rule-utilization procedure, when 

different attributes are used as the relevant attributes. 

The Rakowitz et al. experiment produced a procedure 

which provided an opportunity to observe not only what 

rule the subject used on the first trial, but also what 

rule the subject used on subsequent trials. They assigned 

subjects to one of two groups, the conjunctive group or 

the inclusive-disjunctive group. Trials were terminated 

when subjects solved with the rule of the group to which 

they were assigned. Therefore, data on rule shifts were 

available on only some of the subjects. However, it was 

observed that older subjects shifted from one bidimensional 

rule to another bidimensional in fewer trials. In the first 

experiment, adult subjects shifted from an inclusive-dis-

junctive solution to a conjunctive solution within only an 

average of 2.3 trials, seventh graders within 3.5 trials, 

and third graders within 7.5 trials. Data from their 

second experiment showed that 12 eighth graders shifted 

from a disconfirmed conjunctive (or disjunctive) solution 
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to a correct disjunctive (or conjunctive) solution in an 

average of 4.5 trials, 6 seventh graders within 7 trials, 

6 fourth graders within 8.5 trials, and 4 third graders 

within 14.5 trials. These data prompted in part the present 

study, which allowed all subjects to continue responding 

until both the conjunctive and inclusive-disjunctive rules 

were produced. 

Rakowitz et al. found that seventh/eighth graders in 

the conjunctive and inclusive-disjunctive groups performed 

significantly better than fourth graders. The fourth 

graders, in turn, were significantly superior to third 

graders. 

In conclusion, it generally appeared that subjects 

came to the rule-utilization task with multiple conceptual 

rules which were available from natural experience, and 

which they successively tested. Older subjects (teenagers 

and adults) solved the sorting task more efficiently than 

younger subjects, since older subjects had available both 

bidimensional rules, the conjunctive and the inclusive-

disjunctive. Their greater efficiency was suggested by 

fewer trials to criterion, fewer trials shifting from a 

disconfirmed bidimensional rule to the other bidimensional 

rule, and greater usage of a bidimensional rule on the 

first trial. The superiority of older subjects in produ-

cing a bidimensional rule was presumed to be due to the 
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availability of the inclusive-disjunctive rule in addition 

to the conjunctive rule. Piagetian research indicated that 

third graders had available the affirmative rule, and some 

also had the conjunctive rule. The number of subjects with 

the conjunctive rule available was greater at each age level 

over the 7-10 year (second to fifth grade) age range. On 

the rule utilization task, it appeared that the majority of 

children within the 7-10 age range should produce a conjunc-

tive solution. On disconfirmation, the majority of 7-10 

year olds should not produce an inclusive-disjunctive 

solution on subsequent trials. However, older subjects 

beyond 10 years should be able to produce the inclusive-

disjunctive rule, as well. According to Neimark (1970), 

the inclusive-disjunctive rule was an attainment of adoles-

cence, but the inclusive-disjunctive rule could be produced 

by preadolescents. The difference was that preadolescents 

used a conjunctive strategy in solving the task, as indi-

cated by their use of the connective "and" when explaining 

their solutions. Therefore, sixth graders should use the 

connective "and," while an increasingly larger number of 

subjects at higher grade levels should use "or." 

In the present study, the subjects were third, fourth, 

sixth, and ninth graders, and college students. Based on 

the conclusions and hypotheses derived from prior research, 

the following specific hypotheses were tested. 
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(1) Older subjects (sixth graders, ninth graders, and 

college students) should solve the sorting task more effi-

ciently than third and fourth graders. Greater efficiency 

would be indicated by the following: fewer trials until 

usage of the first bidimensional rule, fewer trials between 

use of the first bidimensional rule (whether conjunctive or 

inclusive-disjunctive) and the other bidemensional rule, and 

a greater proportion of subjects at the higher grade levels 

using a bidimensional rule on the first trial. 

(2) Efficiency in solving the sorting task would be 

due to differences in rule availability at each age. Over 

5 0 7 o of the third graders would use the conjunctive rule and 

fewer than 50% would be able to use the inclusive-disjunctive 

rule. The majority of the sixth graders would be able to 

use both the conjunctive and the inclusive-disjunctive 

rules. However, their verbalizations of the inclusive-

disjunctive would reflect a conjunctive strategy. The major-

ity of ninth graders and adults would be capable of utilizing 

both rules and verbalizing their solutions adequately, but 

adults would more often have adequate verbal explanations, 

utilizing the connective "or" in their verbalizations for 

the inclusive-disjunctive rule. 

Method 

Subj ects 

A total of 80 volunteers (40 males and 40 females) served 

as subjects. Groups were balanced in terms of representation 
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of males and females, but sex was not a major consideration 

in the analysis. 

Elementary level children were obtained from St. 

Elizabeth's parochial school located in a middle class area 

of Dallas, Texas. Sixteen subjects were obtained from each 

of the following grade levels: third grade (mean age 8 

years, 10 months; mean IQ score of 108 on the Science Re-

search Associates (SRA) Assessment Survey), fourth grade 

(mean age 10 years, 0 months; mean IQ score 111 on the SRA 

Assessment Survey), and sixth grade (mean age 11 years, 8 

months; mean IQ score 115 on the SRA Assessment Survey). 

Sixteen ninth-grade subjects were obtained from Bishop Dunne 

High School located in the same neighborhood. Only subjects 

who previously had attended St. Elizabeth's school and were 

not involved in previous rule-utilization studies, or stu-

dents from comparable socioeconomic areas, were included in 

the study. The high school students' mean age was 14 years, 

10 months, and their mean IQ score was 110 on the Scholastic 

High School Placement Record. No subject with an IQ below 

90 was included in the random sample. Sixteen college sub-

jects (mean age 19 years, 6 months; mean Scholastic Aptitude 

Test score 1212) were obtained from the University of Dallas. 

From their natural experience, subjects were assumed to 

bring conceptual rules to solve the rule-utilization sorting 

task. Therefore, middle class subjects were obtained in 

order to control for background. 
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Materials 

The cards consisted of eight 7.6 X 12,7 cm standard 

index cards displaying the following: 2 blue squares, 

blue triangle, blue circle, yellow circle, red triangle, 

red square, and yellow square. Two 7.6 X 12.7 cm attribute 

cards, one containing blue crayola scribbles and the other 

a drawing of a 6.5 cm square, were used to demonstrate the 

relevant attributes to the subject. 

Procedure 

Informed-consent forms (see Appendix A) were distri-

buted to all third, fourth, and sixth graders at St. 

Elizabeth's School. 

Consent forms were given to only those ninth graders 

at Bishop Dunne High School who had not participated in 

previous rule-utilization studies in prior years at St. 

Elizabeth's School. Also, the ninth graders were from 

the St. Elizabeth's parish or comparable middle-class 

socioeconomic area. College students at University of 

Dallas were recruited on a random basis as they left the 

cafeteria in the evening. 

When the consents were obtained, sixteen subjects 

were randomly chosen from each grade level and formed into 

five experimental groups. The groups formed were third-

grade, fourth-grade, sixth-grade, ninth-grade, and a 

college group. 
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Those subjects were eliminated who had IQ scores below 

90, or its SAT equivalent (868), and they were randomly 

replaced by other subjects. Intelligence scores on ele-

mentary and secondary students were obtained from the 

school's records of group test scores. The college students 

gave the examiner their SAT scores. 

Each student was seen individually in a quiet, distrac-

tion-free room at the school. Following rapport building, 

the student was presented the task and given verbal instruc-

tions (see Appendix B for the verbatim instructions). 

Essentially, the eight cards were randomly laid out in 

two rows of four, horizontal to the subject and closest to 

the edge of the table nearest the examiner. The two attri-

bute cards were placed directly in front of the subject, 

one above the other, at the edge of the table nearest the 

subject. 

The subject was asked to separate the eight cards into 

those belonging to Sam and those belonging to Larry. They 

were told that to be right, he/she had to pick every card 

that belonged to Sam and every card that belonged to Larry. 

If there was any doubt expressed, instructions were repeated. 

A typed version of the instructions (see Appendix CJ 

was placed in front of the subject, below the attribute 

cards, for easy reference during the task. Then the subject 

was asked to say when he/she was ready to begin. 
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After each trial, the placement of the cards was 

recorded. Subjects were encouraged to place the cards in 

vertical rows for ease of recording (see Appendix D for an 

example of the recording sheet). Then the subject was 

asked, "How did you figure out which were Sam's and which 

were Larry's?" When the answer was recorded, then the 

experimenter said, "Not right, try again." Trials con-

tinued until the trial on which the last of either the 

conjunctive or the inclusive-disjunctive rule was used, or 

until a limit of thirty trials was reached. 

Subjects not solving within 30 trials were briefed 

on their use of good solutions, and were told during and 

after the task of how difficult the task was for their age 

level. All subjects were debriefed and asked to say, "can't 

tell you" to anyone who asked anything about the task 

except their parents. 

Results 

For efficiency in solving a sorting task requiring a 

bidimensional rule, several analyses were performed. 

Analyses were made on trials till usage of the first bidi-

mensional rule, trials between bidimensional rules, and 

proportions of subjects using a bidimensional rule on the 

first trial. 

The analysis of variance on number of trials till 

usage of the first bidimensional rule yielded a significant 
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grade effect, computed F (4,75) = 20.99, £ < .01. Table 2 

contains the mean trials and standard deviations. 

Table 2 

Means and Standard Deviations of Trials 
to Use of a Bidimensional Rule 

Grade : Levela 

3rd 4th 6 th 9th Adult 

X 

SD 

22.00 

11.30 

10.06 

9.21 

3.38 

2.36 

4.00 

5.05 

2.87 

2.58 

n = 16 for each grade level 

Newman-Keuls pairwise comparisons on the grade effect 

indicated that fourth graders produced a sort consistent 

with a bidimensional rule in significantly fewer trials 

than the third graders. The computed difference between 

the means for the third and fourth graders was 11.94, 

which surpassed the critical value of 4.99 at the .05 level 

for these two means. Subjects older than fourth graders 

produced a bidimensional rule in significantly fewer trials 

than the fourth graders. Between fourth graders and sixth 

graders, the computed mean difference was 6.68 and the 

critical mean difference at the .05 level was 6.59; between 

fourth and ninth graders, 6.06 and 6.00; and between 
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fourth graders and adults, 7.19 and 7.02. There was no 

significant difference between the performance of sixth/ 

ninth graders and college adults. 

Table 3 contains the means and standard deviations 

for mean number of trials between use of the first bidimen-

sional rule (whether conjunctive or inclusive-disjunctive) 

and the use of the other bidimensional rule. Excluded from 

the analysis were subjects who failed to use the initial 

bidimensional rule before 15 trials. Seven of the 12 

fourth graders did not produce a second bidimensional rule, 

and attainment of their second bidimensional rule was 

artificially set at 30 trials. 

Table 3 

Means and Standard Deviations of Trials 
Between Bidimensional Rules 

Grade Level 

4th 6th 9 th Adult 

n 12 16 15 15 

X 15.17 11.00 7.53 4.00 

SD 10.88 10.53 9.42 5.04 

The analysis of variance with unequal n indicated a 

significant grade effect, computed F (3,54) = 3.87, £ < .05. 

Newman-Keuls pairwise comparisons revealed a significant 
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difference at the 0.5 level only between the fourth graders 

and adults. The computed difference between the two means 

was 11.17 and the critical value was 9.96. 

Additional analyses were performed on the data. The 

subjects at the sixth-grade, ninth-grade, and adult levels 

were divided into those who used the conjunctive rule first 

and shifted to the inclusive-disjunctive rule second, and 

those who did the opposite. At the sixth-grade level, 11 

subjects shifted from the conjunctive sort to the inclusive-

disjunctive sort, and 5 subjects shifted from an inclusive-

disjunctive sort to the conjunctive sort. The conjunctive 

inclusive-disjunctive shift was made by 7 ninth graders 

and 6 adults. The inclusive-disjunctive to conjunctive 

shift was made by 8 ninth graders and 9 adults. A computed 
2 

x =4.87 was not significant at the .05 level, indicating 

that first rule used and grade level were not related. 

The number of trials required for the conjunctive to inclu-

sive-disjunctive shift versus the inclusive-disjunctive to 

conjunctive shift was analyzed with a least squares analysis 

of variance for unequal n. Table 4 presents the cell means 

and Table 5 provides the least squares analysis of variance 

summary. No significant difference was found for the 

shift effect, the grade effect, or the interaction. 
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Table 4 

Cell Means for Least Squares 
Analysis of Variance 

Rule Shift 6 th 9 th Adult 

Conjunctive to Inclusive-
disjunctive 

Inclusive-disjunctive to 
Conjunctive 

12.2 

8.4 

8.6 

6 .6 

2 .8 

4.8 

Table 5 

Analysis of Variance 
(Least Squares) 

Source df MS F 

Rule Shifts 1 68.97 .87 

Grade Levels 2 187.78 2.36 

Shifts X Levels 2 3.96 .05 

Error 40 79.62 

Table 6 presents the proportions of the 16 subjects 

within each grade level who, on the first trial, provided a 

sort consistent with the affirmative, conjunctive, inclu-

sive- disjunctive, other, or nonrule. The proportions of 

subjects using a bidimensional rule, conjunctive or inclu-

sive-disjunctive, on the first trial were as follows: 

third graders (.06), fourth graders (.00), sixth graders 
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(.31), ninth graders (.44), and adults (.50). For rela-

tionship between use of a tridimensional rule on the first 
o 

trial and grade level, a x =15.97 was computed and found 

to be significant at the .05 level. Post hoc comparisons 

(Marascuilo & McSweeney, 1977) indicated that a signifi-

cantly larger proportion of adults (.50) used a bidimensional 

rule than third graders (.06), and a significantly larger 

proportion of ninth graders (.44) and adults (.50) used a 

bidimensional rule than fourth graders (.00). 

Table 6 

Proportions of Sorts Consistent with 
Rules on the First Trial 

Grade3 

Rule 3rd 4th 6th 9th Adult 

Affirmative .56 .81 .50 .50 .25 

Conjunctive .06 .00 .25 .19 .06 

Inclusive-Disjunctive .00 .00 .06 .25 .44 

Other^ .00 .00 .00 .00 .00 

Nonrule .38 .19 .19 .06 .25 

an = 16 for each group 

This category includes the thirteen other rules within 
the calculus of propositions (see Appendix E for a listing 
of all sixteen rules). 



33 

Examination of Table 2 revealed two orderly trends as 

to proportion of subjects at each grade level using one or 

the other of the two bidimensional rules, conjunctive or 

inclusive-disjunctive, on the first trial. The proportion 

of subjects using the conjunctive rule rose to .25 at the 

sixth-grade level and tapered off to .06 at the adult level. 

The proportion of subjects using the inclusive-disjunctive, 

the more difficult of the two bidimensional rules, was .00 

at the third grade level and .44 at the adult level. The 

comparatively greater proportion (.25) of subjects using 

the conjunctive rule at the sixth-grade level was not signi-

ficant at the .05 level, computed =! 6.75. However, the 

greater proportion of adults (.44) who used an inclusive-

disjunctive rule on the first trial was significant at the 
o 

.05 level, computed x =18.24. Post hoc comparisons 

indicated that a significantly larger proportion of adults 

(.44) used the inclusive-disjunctive rule on the first 

trial than third graders (.00) and fourth graders (.00). 

The majority of third graders used the affirmative 

rule, and a greater number of fourth graders used the affir-

mative rule. For the relationship between use of an 

affirmative rule and grade level, a computed = 10.32 

was significant at the .05 level. Post hoc comparisons 

indicated that a significantly higher proportion of fourth 

graders than adults used the relatively simpler affirmative 

rule on the first trial. 
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For rule availability, the number of subjects at each 

grade level using the conjunctive and inclusive-disjunctive 

rules was analyzed. As predicted, 81% of the third graders 

did not use an inclusive-disjunctive rule over trials. 

Trials were limited to 30. Only 31% of third graders used 

a sort consistent with a conjunctive rule over trials. Of 

the fourth graders, 81% used a conjunctive sort, but only 

37^ of the fourth graders used an inclusive-disjunctive 

sort. A conjunctive sort was used by 94% of the sixth 

graders, 94% of the ninth graders, and 87% of the college 

adults. An inclusive-disjunctive sort was used by 81% of 

the sixth graders, 94% of the ninth graders, and 100% of 

the college adults. 

Rule availability was further analyzed with a repeated 

measures analysis of variance with repetition over rule on 

number of trials to use of the conjunctive and inclusive-

disjunctive rules by fourth, sixth, ninth graders and 

adults. The results for the third graders were not included, 

since only 31% used the conjunctive sort, and only 19% used 

the inclusive-disjunctive sort. Table 7 presents the cell 

means and standard deviations. Table 8 presents the 4 

(grade levels) by 2 (rules) repeated measures analysis of 

variance summary. 
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Table 7 

Cell Means and Standard Deviations for Grade 
Levels by Rules Analysis 

Grade Levela 

R u l e 3rd 4th 6th 9th Adult 

Indus ive-dis j unctive 

X 27. 06 21. 75 11. 75 8. 44 5. 75 

SD 7. 39 10. 92 10. 33 9. 51 5. 28 

Conjunctive 

X 23. 31 11. 25 6. 00 7. 31 8. 25 

SD 11. 38 10. 23 7. 42 8. 77 9. 23 

3. 
n = 16 for each grade level 

Table 8 

Repeated Measures Analysis 
of Variance 

Source df MS F 

Rules 1 442.53 6.48* 

Grade Levels 3 608.17 6.19* 

Rules X Levels 3 254.70 3.73* 

Subj ects 60 98.32 

Rules X Subjects 60 68.26 

'p < .05 



36 

Newman-Keuls pairwise comparisons on the significant 

interaction indicated that fourth graders used the conjunc-

tive sort in significantly fewer trials than the inclusive-

disjunctive sort. The computed difference between these 

two means was 10.50, and the critical value at the .05 level 

for these means (which differed by two ranks) was 7.02. Of 

the 16 fourth graders, 10 did not use an inclusive-disjunc-

tive sort, and their scores were set at a ceiling of 30 

trials. Sixth graders used the inclusive-disjunctive rule 

in significantly fewer trials than the fourth graders. Few 

fourth graders provided the inclusive-disjunctive sort 

within 30 trials. The computed difference between these 

two means was 10.00, and the critical value at the .05 

level for these two means (which differed by one rank) was 

5.84. There was no significant difference in rule use by 

the sixth graders (computed value = 5.75, critical value = 

8.59), ninth graders (computed value = 1.11, critical value = 

7.02), and college adults (computed value = 2.50, critical 

value = 7.72). See Figure 1 for a plot of the significant 

rules by grade levels interaction. 

Posttrial verbalizations were sorted according to 

descriptions that were exact, nonexact, not correct, and 

indeterminate. An exact description of the inclusive-dis-

junctive rule included the word "or," such as "blue or 

square or 'blue or square or both." A nonexact description 
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of the inclusive-disjunctive rule was an expression indica-

ting that the subject was using a conjunctive strategy to 

solve it, such as "the blues and the squares," "all the 

(whenever, any if) blue and all (whenever, any, if) square," 

or simply "blue and square." Indeterminate disjunctive 

solutions were expressions which described individual 

stimuli, such as "the blue triangle, the yellow square, etc." 

Exact conjunctive descriptions were such expressions as 

"blue combined with square," "both for correct," or simply 

"blue and square." A nonexact description was "blue square" 

or "square colored blue." 

• Inclusive-disjunctive 

° Conjunctive 

28 
a 
o 
•H 24 
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4J 20 
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Figure 1. Plot of rules by grade levels interaction. 
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Table 9 presents the percentage of subjects verbalizing 

a description of the rule used. A second independent judge 

categorized 95% of the postsolution remarks the same as 

the experimenter. When the conjunctive sort was used, sub-

jects at all but the third grade-level consistently included 

the connective "and" in their verbal explanations. When 

the inclusive-disjunctive sort was used, subjects from the 

fourth through the ninth grade used the connective "and," 

rather than "or" in their explanations. At the adult level 

as well, only 25% of the subjects used the connective "or." 

In explaining how they made the inclusive-disjunctive 

sort, 81%, of the sixth graders and 88% of the ninth graders 

used the connective "and" in explaining their inclusive-

disjunctive sort. More adults (25%) than ninth graders 

(6%) used the connective, "or." As expected, the majority 

of sixth/ninth graders and adults explained the conjunctive 

sort adequately with the conjunctive "and." The majority 

of fourth graders also explained the conjunctive sort 

with the connective "and." 

There were no significant Pearson r correlations between 

IQ and number of trials to use of the first bidimensional 

rule. For IQ and number of trials shifting between bidi-

mensional rules, no correlations were significant (see 

Appendix F for a table of the correlations). 



39 

Table 9 

Percentage of Subjects Verbalizing 
a Description of the Rule Used 

Correct 

Grade Rule Non- Not Inde- Un-
Exact exact Correct terminate solved 

3rd 
Conjunctive 19 0 0 12 69 

Disjunctive 0 13 0 6 81 

4 th 
Conjunctive 75 0 0 6 19 

Disjunctive 0 25 6 0 69 

6 th 
Conjunctive 81 13 0 0 6 

Disjunctive 0 81 6 0 13 

9 th 
Conjunctive 94 0 0 0 6 

Disjunctive 6 88 0 0 6 

Adult 
Conjunctive 81 0 6 0 13 

Disjunctive 25 62 13 0 0 

Discussion 

The results of several analyses supported the hypo-

thesis that older subjects (sixth/ninth graders and adults) 

are more efficient than younger subjects (third/fourth 

graders) in solving the sorting task with a bidimensional 

rule. A significant difference also might have resulted 

between sixth/ninth graders and fourth graders in shifting 

between bidimensional rules, except for a ceiling effect. 
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Attainment of the second bidimensional rule by 7 of the 12 

fourth graders was artificially set at 30 trials. Fourth 

graders are also superior to third graders in solving the 

task by utilizing a bidimensional rule. 

The results also supported the hypothesis that the 

greater efficiency of older subjects (sixth/ninth graders 

and adults) is due to the greater availability of bidimen-

sional rules from natural experience for utilization in 

solving the task. Third graders are largely limited in 

hypotheses to sorts consistent with only a unidimensional 

rule, the affirmative. Fourth graders use sorts consistent 

with the affirmative and conjunctive rules, and they tend 

to use the affirmative rule first. In agreement with 

Piagetian research, the conjunctive rule appears to develop 

during the 7-10 year age period, so that it is established 

in the majority of children by 10 years of age (fourth 

grade). The fourth graders' advantage over third graders 

in solving a problem requiring a bidimensional rule sort is 

due to the availability of the conjunctive rule hypothesis 

at that grade level. However, the inclusive-disjunctive 

rule is not yet available at the fourth-grade level for 

most children. 

Sixth graders use sorts consistent with the affirma-

tive and conjunctive rules but also use sorts consistent 

with the inclusive-disjunctive rule. Piagetian research 



41 

also indicates that the inclusive-disjunctive rule emerges 

at approximately the 12-year age level. The availability 

of the inclusive-disjunctive rule gives the sixth graders an 

advantage over the fourth graders in solving a problem re-

quiring a bidimensional rule sort. Sixth/ninth graders and 

college adults use sorts consistent with the affirmative, 

conjunctive, and inclusive-disjunctive rules. 

A very small number of sixth and ninth graders are 

able to provide a verbal explanation utilizing the connec-

tive "or" for their inclusive-disjunctive sort. Instead, 

the majority of sixth and ninth graders (and even a large 

percentage of adults) use the connective "and" to explain 

the inclusive-disjunctive sort. If one assumes that subjects 

solve the sorting task, which is a visual one, with verbal 

cognitive processes only and that verbal explanations tap 

those processes, then one must assume that older subjects 

are providing inclusive-disjunctive solutions (A or B or 

both) using conjunctive strategies (A and B, A and not-B, 

and not-A and B). Therefore, in that sense and to some 

extent, the assumption on which the inference model is 

based is correct. Future studies should include adults 

older than college adults to determine if a higher percen-

tage use the connective "or" in their explanations. If 

higher percentages are obtained, then the inclusive-

disjunctive hypothesis may not be fully established in the 
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majority of adults until a later age. On the other hand, 

the nature of the task may pull conjunctive explanations 

more readily than inclusive-disjunctive explanations. For 

example, in Rakowitz et al.'s (1979) first experiment, which 

used a positive and negative category for sorting, 80% of 

the seventh graders and 80% of the college age adults used 

the connective "or" in their explanations of the inclusive-

disjunctive sort. 

The results of the present study do not support the 

basic assumption of the inference model, which states that 

relative difficulty in learning conceptual rules is a 

function of a preexperimental conjunctive bias. A large 

number of adults use an inclusive-disjunctive sort on the 

first trial, a finding in agreement with results obtained 

by Dominowski and Wetherick (1976). However, an inference 

model based on the assumption that adult subjects have a 

preexperimental inclusive-disjunctive bias is too simplistic. 

Also, a multibiased model based on the assumption that 

subjects differ individually in initial biases, as suggested 

by Reznick and Richman (1976), is also too naive. The data 

better fit the Rakowitz et al. (1979) hypothesis, which 

states that a subject successively tests multiple conceptual 

rules available from natural experience. Additionally, 

there are developmental differences in availability of 

rules for testing on a sorting task. 
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It was observed during the present study that some 

subjects tended to group the cards into the truth-table 

classes before they sorted the cards, or as they brought 

the cards down and lined them up in the two categories. 

Such behavior suggests that some subjects are capable of 

using a truth-table strategy to solve the problem. The 

rule-utilization procedure provides an excellent means for 

observation of such behavior. Future studies should con-

centrate on correlations between truth-table groupings 

and number of sorts which are consistent with rules within 

a specified number of trials, as well as the type and 

variety of rules tried. 

This experiment eliminated the biasing aspects of 

designating the positive category, limited the amount of 

feedback from the experimenter to posttrial feedback, and 

reduced class frequency of the stimulus cards to the 

simplest form, 2TT: 2TF: 2FT: 2FF. Under these conditions 

it was possible to observe at various grade levels what 

hypotheses subjects have available from their natural 

experience. Further reliability studies on the rule-utili-

zation procedure are needed, using cards representing 

different relevant attributes. Also, the generalizability 

of the results of this study needs to be tested by using 

subjects from backgrounds other than middle class. Also, 

such factors as levels of IQ and real versus abstract ob-

jects should be studied. 
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Future rule-learning studies should consider using 

the rule-utilization task prior to assignment of subjects 

to rule-learning tasks. Prior rule-utilization testing 

indicates those subjects who, from their natural preexperi-

mental experience, do not have rules available for testing 

during the task. Thus, learning of rules can be differen-

tiated from solving with rules already learned. Based on 

the present study, investigations of rule learning appear 

to be appropriate at the third grade level for the conjunc-

tive rule, and at the fifth grade level for the inclusive-

disjunctive rule. Also, a series of future studies should 

systematically sort out the specific influence of each of 

the variables in concept-learning tasks, such as designation 

of the positive and negative category, poststimulus feedback 

and posttrial feedback, and characteristics of objects 

sorted. 
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Appendix A 

Informed-Consent Form 

Dear Parent, 

A study of concept learning is being conducted by-
Mr. Bert Rakowitz, a graduate student at North Texas State 
University. Because this is an interesting learning 
experience for the student and a contribution to research, 
we would appreciate your permission to allow your child 
(teenager) to participate. S/he will be absent from class 
for approximately 30 minutes. 

Please complete and sign the permission slip below 
if you wish him/her to participate. 

RETURN BY 

Thank you for your cooperation, 

Sincerely yours, 

(Signature of principal) 

Student's Name 

GRADE Section 

Date of Birth 

I give my permission for to participate in 
this study. 

Parent's Signature 



46 

Appendix B 

Verbatim Instructions 

The following verbal instructions were given. "This 

is a game. Here are some cards. (The cards were laid out 

in front of the subject in two rows of four.) Some of 

these cards belong to Sam (Sue for girls) and some of these 

cards belong to Larry (Mary). I want to see if you can 

figure it out. Here is a clue. (Place the attribute card 

with the blue scribbles above the other attribute card.) 

What is this clue? Yes, the shape square. What is this 

clue? Yes, the color blue. (Pause) Now I want you to 

put Sam's cards here (pointing to the table on the subject's 

left) and I want you to put Larry's cards here (pointing 

to the table on the subject's right). Sam does not have to 

have the same number of cards as Larry. Know what I mean? 

Yes, it could be three and five, six and two, one and seven, 

whatever you think. To be right, you have to pick every 

card that belongs to Sam and every card that belongs to 

Larry. If you pick some that do not belong, then I will 

tell you 'Not right, try again.' Let me repeat." Then 

the subject was asked if s/he understood. If there was 

any doubt expressed, the instructions were repeated again. 
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Appendix C 

Typed Instructions 

Some of these cards belong to Sam (Sue for girls) and 
some of these cards belong to Larry (Mary for girls). 

I want to see if you can figure it out. 

Here is a clue, the shape square. Here is a clue, 
the color blue. 

Sam does not have to have the same number of cards 
as Larry. 

To be right, you have to pick every card that belongs 
to Sam and every card that belongs to Larry. If you pick 
some that do not belong, then I will tell you, "Not right, 
try again." 

You will have lots of tries. 



48 

Appendix D 

Recording Sheet 

Yr Mo Day 
Name Date 

Grade D. 0. B. 

IQ (entered after experiment) Age 

Trial Sam Larry End of Trial Verbalization 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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Appendix E 

Table 10 

Sixteen Unique Bidimensional Partitions of a Set of Objects 
Forming the Calculus of Propositions 

Truth-table Class 

Partition 
Proposition 
or Rule 

True, 
True 

True, 
False 

False, 
True 

False, 
False 

1 Complete affir-
mation 

+ + + + 

2 Inclus ive-dis-
junctive 

+ + + -

3 Reciprocal Im-
plication 

+ + - + 

4 Conditional 
(Implication) 

+ - + + 

5 Incompatibility - + + + 

6 Affirmation of X + + - -

7 Affirmation of Y + - + -

8 Biconditional 
(Equivalence) 

+ - - + 

9 Denial (Negation) 
of X 

- - + + 

10 Exclusive-dis-
junctive (Recip-
rocal Exclusion) 

- + + -

11 Denial (Negation 
of Y) 

- + - + 

12 Conjunctive + 
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Truth-table Class 

Partition 
Proposition 
or Rule 

True, True, False, False, 
True False True False 

13 Nonimplication + - -

14 Negation of Re-
ciprocal Impli-
cation 

- + -

15 Joint Denial 
(Conjunctive 
Negation) 

- - + 

16 Complete Nega-
tion 

- - -

Note. This table was adapted from Bourne (1970) and 
Inhelder and Piaget (1958). 
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Appendix F 

Table 11 

Correlations Between IQa and Rule (First 
Bidimensional, Between Bidimensionals) 

Correlation 

Grade^ nc 
First 

Bidimensional 
Between 

Bidimensionals 

4th 16 .11 _d 

6th 16 .04 -.27 

9th 13 (12) -.03 .32 

Adult 13 (12) .18 -.20 

Note. None of the correlations were significant at 
the .U3 Tevel. The critical value is .50 for n = 16, .55 
for n = 13, and .58 for n = 12. ~~ 

3. 

Scholastic Aptitude Test scores were used for the 
college adults. 

No correlations were computed on third graders since 
9 of 16 did not use a bidimensional rule and 1 of 16 shifted 
to a second bidimensional rule. 

cNumbers in parentheses indicate the number of subjects 
on which the correlation was made for between bidimensionals. 

^No correlation was computed since 11 of 16 fourth 
graders did not shift to a second bidimensional rule. 
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Appendix G 

Table 12 

Raw Scores for Trials to Use of 
the Conjunctive Rule 

Grade 

abj ect 3rd 4th 6 th 9 th Adult 

1 30 6 2 4 4 

2 30 2 3 2 4 

3 30 9 8 21 2 

4 30 4 7 30 2 

5 2 30 1 1 12 

6 30 8 1 8 6 

7 30 30 2 1 3 

8 30 30 1 2 5 

9 1 10 9 4 5 

10 30 6 12 3 30 

11 30 9 30 3 3 

12 14 20 11 13 6 

13 3 2 3 1 1 

14 23 3 2 3 4 

15 30 4 3 2 15 

16 30 7 6 19 30 
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Appendix H 

Table 13 

Raw Scores for Trials to Use of 
the Inclusive-disjunctive Rule 

Grade 

Subject 3rd 4th 6th 9th Adult 

1 14 30 1 1 1 

2 30 4 12 1 1 

3 30 30 17 5 1 

4 30 14 19 4 1 

5 30 16 5 3 6 

6 30 5 11 9 7 

7 30 30 30 30 5 

8 30 30 2 8 1 

9 30 30 6 1 3 

10 25 30 6 1 9 

11 30 30 4 2 1 

12 30 30 5 12 10 

13 4 30 6 6 3 

14 30 30 30 5 11 

15 30 3 4 17 16 

16 30 6 30 30 16 
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Appendix I 

Table 14 

Raw Scores for Trials to Use of 
First Bidimensional Rule 

Grade 

3rd 4th 6 th 9 th Adult 

14 6 1 1 1 

30 2 3 1 1 

30 9 8 5 1 

30 4 7 4 1 

2 16 1 1 6 

30 5 1 8 6 

30 30 2 1 3 

30 30 1 2 1 

1 10 6 1 3 

25 6 6 1 9 

30 9 4 2 1 

14 20 5 12 6 

3 2 3 1 1 

23 3 2 3 4 

30 3 3 2 1 

30 6 1 19 1 
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Appendix J 

Table 15 

Raw Scores for Trials Between Use of the First 
Bidimensional Rule and the Other Bidimensional 

Grade 

4th 6 th 9 th Adult 

24 1 3 3 

2 9 1 3 

21 9 16 1 

10 12 26 1 

3 4 2 6 

20 10 1 1 

24 28 29 2 

21 1 6 4 

28 3 3 2 

27 6 2 21 

1 26 1 2 

1 6 1 4 

3 5 2 

28 2 7 

1 15 1 

29 
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Appendix K 

Table 16 

Raw Scores for Conjunctive to Inclusive-
disjunctive Shift 

Grade 

6th 9th Adult 

9 2 1 

9 1 2 

12 29 4 

4 6 2 

10 5 7 

28 2 1 

1 15 

3 

28 

1 

29 
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Appendix L 

Table 17 

Raw Scores for Indusive-disjunctive 
to Conjunctive Shift 

Grade 

6 th 9 th Adult 

1 3 3 

3 1 3 

6 16 1 

26 26 1 

6 3 6 

2 4 

1 2 

1 21 

2 
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