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ABSTRACT
The relationship between the complete learning concept

task and Piagetian tasks used to evaluate the presence and
extent of formal operations was investigated with adult
college students. The results of this study demonstrate
that both solving and nonsolving in concept tasks are a
subject related parameter and are stable over twenty-four
to thirty-six hour intervals. The generality of formal
operations in adult college students was found to be
significantly less than that predicted by Piaget. The
relationship between the concept task and the Piagetian
formal operations tasks was assessed using correlations and
was found to be significant. In addition, the type of con-
ceptual strategy used by the subjects was found to be pre-
dictive of performance on the formal operations tasks. The
results are discussed in terms of the cognitive skills used
by the solvers and the cognitive deficits present in the
nonsolvers. Theoretical implications of the analysis of
formal operations as a subset of concept formation are
discussed as are the educational implications. It is con-
cluded that the concept paradigm represents a significant

methodological improvement over the Piagetian tasks currently

used for formal operations assessment.
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INTRODUCTION

In the typical laboratory concept identification
task, a subject is instructed to respond to each of a
series of stimuli with one of two responses: example or
nonexample. In the presence of some stimuli, the response
"example" is reinforced, while in the presence of others
"nonexample" is reinforced. The well-known experimental
finding under many such circumstances is that the fre-
quency of correct stimulus classifications increases
until the subject has identified the concept and is said
to be in a criterion state. This phenomenon, however,
is not absolutely reliable. Data from concept identifi-
cation studies (e.g., Fink, 1972; Johnson & Toppino, 1974;
Rapoport, 1975), as well as other types of discrimination
learning tasks (e.g., reversal shift procedures, Lowenkron,
1969), indicates that some number of subjects are eliminated
from the sample after they fail to reach solution, even
after an inordinately large number of trials. Tradition-
ally, these data on failure to solve are relegated to
the subject subheading of method sections where it is
noted that "x" number of subjects were eliminated from
the experiment for failure to either solve the problem
or to understand the instructions. Although the proportion
of subjects eliminated varies from study to study and
from paradigm to paradigm, the fact remains that some
number of subjects do not solve the task. This finding

becomes all the more puzzling when one realizes that the



subjects demonstrating this nonsolving behavior are gen-
erally sampled from university classes and the solutions
to the problems are often quite elementary.

According to an extensive review of the pre-1966
literature on human problem solving (including concept
identification), Davis (1966) isolated but one type of
problem solving situation in which nonsolution was a
factor of interest. This type of problem has become known
as the Einstellung or water-jar problem after Luchins
(1942). The basic idea behind Einstellung type problems
is to present preliminary experiences to the subject which
render him functionally blind to a subsequent simple sol-
ution. For example, Ress and Levine (1966) were able to
demonstrate Einstellung during simple discrimination
learning in the following fashion: subjects were presented
with a series of 100 cards, each with two circles of dif-
ferent sizes. Subjects were given either zero, three,
or six pretraining problems in which a position sequence
was - the solution. ' After the pretraining, the subjects
were then given one more simultaneous discrimination in
which the larger of the two circles was always correct.
Results showed that subjects with zero pretraining solved
the problem with an average of three trials. Subjects
in the other two pretraining conditions solved with an
average of 63 trials and almost half of these subjects
failed to solve in 100 trials! Ress and Levine (1966)

interpreted these results as dramatic evidence for the



deleterious effects of preliminary tasks which cause the
subject to adopt a solution "set" inappropriate to sub-
sequent problems.

From a theoretical standpoint, the above interpre-
tation leaves a good deal to be desired as it amounts to
little more than a description of the results. Accordingly,
Levine (1971) has proposed a theory to account for non-
solution which is derived directly from vigorously devel-
oped hypothesis theory (for a review, see Levine, 1969).

The work in general hypothesis theory suggests that in
discrimination or concept identification laboratory tasks,
adult human behavior is the result of hypothesis testing.
Novel analyses (backward learning curves, Suppes & Ginsburg,
1963; blank trial probes, Levine, 1966; the Fink technique,
Rapoport, 1975) imply that a subject has a set of hypothe-
ses from which he repeatedly samples until he selects the
correct hypothesis. The theory of insoluble and unsolved
problems is as follows:

1. The basic assumption: The subject selects

an hypothesis from some universe and then
responds on the basis of that hypothesis.

2. The composition assumption: The universe
from which the subject samples contains
only those hypotheses corresponding to
stimulus levels.

3. Presolution responding: Prior to solution,
the subject samples neither the correct
hypothesis nor the other hypothesis on the
same dimension. This assumption deals with
the possibility that responding on the
relevant dimension, but the wrong value,
would lead to a string of incorrect
responses which would contain as much




solution information as a string of cor-
rect responses on the correct value. .

4., Affirmative feedback: If the subject's
response is followed by a positive out-
come, he retains his hypothesis for the
next Striaad..

5. Negative feedback: If the subject's
response is followed by a negative out-
come, he abandons his last hypothesis
and resamples.

6. Changing of sets (or subsets): The
reduction of a set to zero hypotheses
serves as a signal to select a new set.

Of course, Levine (1971) provides ample empirical
justification for each of these six assumptionsj; however,
in the case of the Einstellung problems, it is assumption
two which is the most important. Recall that the compo-
sition assumption states that the universe from which the
subject samples his hypotheses contains only those hypoth-
eses corresponding to stimulus levels. This assumption,
clearly, is a function of the experimenter's instructions,
or in the Einstellung case, of the preliminary practice
problems. In the Ress and Levine (1966) study, the pre-
liminary problems directed the subject to the universe
of hypotheses containing complex sequence position solu-
tions, such that as long as the subject was sampling from
such a universe the possibility of a size related hypothesis
would be overlooked. Furthermore, since complex position
sequences constitute a virtually limitless universe,
assumption six suggests that the subject, having never

reduced his universe to zero, will never resample a new

4



universe of hypotheses.

Since the publication of his theoretical paper,
Levine and his co-workers have further explicated many
of the theoretical assumptions. Glassman and Levine (1972)
have provided further evidence that subjects do in fact
fail to solve certain types of problems because the sol-
ution hypothesis is not in their subset, and that subjects
whose hypothesis set has been reduced to zero do in fact
resample. Fingerman and Levine (1974), using the method-
ology of the Glassman and Levine (1972) study, were able
to show dramatically that subjects learn nothing about
hypotheses not in their hypothesis set, even when the
nonsampled hypothesis is perfectly correlated with rein-
forcement and is later presented to the subject as a
possibly overlooked solution.

Unfortunately, Levine's interest in nonsolution has
been met with little enthusiasm by other investigators.
A notable exception to this lack of interest on failure
to solve has been the recent work of Scandura on the role
of higher order rules in problem solving. According to
Scandura (1974), "One of the most crucial questions in
problem solving research is why some problem solvers
succeed on problems for which they have all of the neces-
sary component skills, whereas others do not" (p. 984).
Although the details of Scandura's methodology for exam-
ining the role of higher order rules is beyond the scope

of this introduction, what is important is Scandura's



specification of the "crucial question." .Scandura is quite
specific about his interest in problem solvers who ". . .

have all of the necessary component skills. . ." An exam-

" ination of Levine's (1974) theory indicates that he too
assumes the presence of the necessary component skills,
as he never specifies how a subject comes to possess the
universe from which the subject allegedly samples.

In order to demonstrate that the assumption of the
possession of component skills may be presumptuous, one
need only scrutinize the subject subheading of the pre-
viously cited Fingerman and Levine (1974) study. Fully
22% of Fingerman and Levine's subjects were unable to
solve the six preliminary position sequence solution prob-
lems which the authors repeatedly describe as simple.
Furthermore, in order to research the role of higher order
rules and nonsolution, Scandura (1974) first intensively
and meticulously trains his subjects on these higher order
rules and then views nonsolution in terms of the failure
of the subject to correctly utilize the rules he has just
been taught.

When viewed from this perspective, the question of
interest changes from one of the conditions under which
nonsolution may be induced (Levine, 1971) to why an
apparently normal, well-motivated, college sophomore fails
to solve a problem virtually irreducible in its simplicity.
When the question is stated in such a fashion, a number

of possibilities arise. One possibility is that the
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subjects who fail to solve are deficient in test-measured
intelligence. The possibility of deficient intelligence
can most likely be ruled out; first, because the educational
system, and certainly college entrance requirements, would
certainly select out students of abnormally low measured
intelligence and, secondly, attempts to find consistent
relationships between measured intelligence and problem
solving have largely been unsuccessful (Raaheim & Kaufman,
1974). Another possibility involves a deficiency in the
development of the cognitive skills necessary to solve
such problems. In the light of Piaget's theory of cog-
nitive development, a possible deficiency of the pre-
requisite cognitive skills seems to be a very reasonable
approach to the question of nonsolving in normal adult
humans.

According to the stage dependent theory of the Geneva
School, the progression from the child to the adolescent/
adult stage involves the change from the use of "concrete"
operations to the use of "formal" operations (Inhelder
& Piaget, 1958). 1Inhelder and Piaget (1958) cite the
age of about 11 years as that at which concrete operations
are no longer adequate to the tasks faced by the child.

At that time, disequilibrium disrupts cognitive balance
and formal operations begin to emerge. This stage of
formal operations is said to develop fully by the ages

of 14 to 16 years and is characteristic of the years from

middle adolescence onward, including adulthood. 1In short,



the formal operations stage represents the final equilibrium
of cognitive development (for a detailed review of this
theory, see Flavell, 1963).

In order to understand the structures characteristic
of the formal stage, a brief discussion of the preceding
concrete operations stage is helpful. Thinking in the
concrete stage is limited almost exclusively to thinking
about things. The fundamental building blocks are the
logic of class and the logic of relations. The logic of
class refers to the child's capacity to handle problems
of classifications, such as whether something is, or is
not, a member of a given class. The logic of relations
refers to the child's capacity to relate things of dif-
fering size within the context of graded and ordered
series, such as problems of seriation or one-to-one cor-
respondence. By and large, however, the concrete stage
child is limited to thinking about actual concrete situ-
ations and things as they are presented to him in the
real world. To be sure, there is some limited capacity
in the concrete stage to think about some abstractions
(e.g., redness), but the degree is sufficiently limited
and the "abstractions" are usually sufficiently close to
concrete and perceptual realities to warrant the gener-
alization that thought about abstractions does not appear
until the formal stage.

In contrast to the concrete operations stage, the

formal stage has as its most distinctive feature the



possible being considered as including reality as a subset,
with the result that hypotheses may proceed from nonob-
served and nonexperienced phenomena (Flavell, 1963).

There are four basic characteristics of the formal stage:

l. .The changed rélation of the Teal to the
possible: This is perhaps the most impor-
tant hallmark of formal operations. New
combinations can be, and are, derived
from recombinations of the variables in-
herent in the problem without regard as to
whether they were ever previously realized
or experienced.

2. The potential for combinatorial analysis:
In the concrete stage, the child faced with
a multiple variable situation is limited
to trying one:many correspondences or to
testing unsystematically other possible
correspondences, but the formal operator,
able to employ combinatorial analysis, can
consider all possible combinations of var-
iables in a systematic fashion. This
ability is a necessary condition for gen-
erating all possibilities and so determines
the shift in orientation from the real to
the possible.

3. The hypothetico-deductive property: The
formal operator's reasoning is less "This
is true, therefore. . ." and more "If this
were true, then. . ." This kind of reason-
ing is essential if the possible is to
include the real in the set of hypotheses.
It also follows hand-in-hand with the
ability to check all possible combinations.
According to Piaget, the formal operator
seeks hypotheses which are general and
necessary, as he is not content with merely
sufficient hypotheses.

4. Propositional thinking: The elements man-
ipulated by the formal operator are prop-
ositions: statements containing raw data,
but not the raw data itself. In other
words, the formal operator may utilize
concrete operations of the earlier stage
by organizing reality into classes, but
he then proceeds to form propositions and
operate on these propositions via




conjunction, disjunction, implication,
negation, and equivalence. This type of
thinking is what Piaget calls second
degree thinking: operations which result
in propositions about propositions.

The publication in which Piaget first put forth the
properties of the formal stage (Inhelder & Piaget, 1958)
leaves the impression that formal stage thinking is the
rule in adolescence, since all adolescent protocols in-
cluded in their report are at the fully formal level and
because throughout their book they use adolescence and
formal stage almost interchangeably. However, a closer
look reveals that nowhere in the book do they make any
explicit claim that all adolescents (or even adults)
actually do function at the fully formal level, nor do they
make an explicit claim that they are reporting all cases
tested. Their presentation does, however, definitely
leave the impression that full formal stage thinking is
the rule in adolescence,

Remarkably little empirical work has been done to
verify or even establish the generality of the formal
stage. However, since according to Piaget's theory,
successive stages use prior stages as building blocks,
the literature on the generality of the concrete stage
should be highly relevant. Elkind (1961), using a pop-
ulation of normal high school students (mean age of 15
years), found that only 47% could conserve volume.

Repeating this experiment with college freshmen, Elkind

(1962) found the percent of volume conservers rising to
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only 58%. A more recent replication of Elkind's (1961,
1962) experiments, done by Towler and Wheatley (1971) shows
the percentage of volume conservers among college freshmen
to have risen to 61%. In a study of unschooled rural
adults presently enrolled in remedial education programs,
Graves (1972) found that only 24% of his subjects could
conserve volume. Thus, it seems possible, without recourse
to the formal operations literature, to predict on the
basis of the concrete operations studies alone, that formal
operations will not be nearly so general as Piaget has

led us to believe.

The prediction of formal operations generality sug-
gested by the concrete operations literature is, in fact,
quite accurate. Tomlinson-Keasey (1972), using five of
Piaget's formal operations assessment tasks, found that
only 67% of a female college student sample was formal
operational whereas this figure fell to 54% for a group
of adult women. In a far more detailed study of the gen-
erality of formal operations, Dulit (1972) tested groups
of average young adolescents, average older adolescents,
intellectually gifted older adolescents, and average
adults. These groups were tested on two formal operations
assessment tasks believed by Dulit to be the most char-
acteristic of formal operations. The results are dramatic:
none of the younger adolescents solved any of the problems;
of the older adolescents, from 25% to 33% (depending upon

laxity of the criteria) were formal operationalj; the
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intellectually gifted older adolescents were 60% fully
formal operational whereas the adults averaged from 25%
to 33% formal operational. Clearly, these studies cast
serious doubt on the generality of the formal stage as
intimated by Inhelder and Piaget (1958).

In order to reply to the issues raised by the pre-
ceding studies, Piaget (1972) has recently reported his
latest "reflections" on formal operations. Piaget feels
that the reason why formal operations are not as ubiquitous
as Inhelder and Piaget (1958) would lead us to believe
is because the original data was taken from adolescents
enrolled in the "better" schools in Geneva. Therefore,
Piaget was sampling from a particularly narrow socioeconomic
group, in short, a privileged population. What then should
we expect from less privileged populations? Piaget cites
the example of apprentices to trades persons whose formal
education is limited but whose aptitude for trades is
high. 1In this case, we would expect to find formal struc-
tures being applied to the area of the apprentice's spec-
ialty, but not in other settings where he might appear to
be only concrete operational. Similarly, law or graduate
students specializing in one particular narrow area would
also be expected to demonstrate formal operations in their
area of expertise but not necessarily in any other area.

". . .that involves notions they certainly once knew but
have long since forgotten" (Piaget, 1972, p. 10). However,

Piaget is quite unequivocal in his theorizing that
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adolescents still in school or, better yet, in college,
would certainly have attained the formal operations stage.
Unfortunately, little data exists which can either prove
or disprove Piaget's thesis. The previously cited study
by Tomlinson-Keasey (1972) used college freshmen, but
only women were sampled. Similarly, the Dulit (1972)
study jumped from high school students to a mixed group
of adults (educational level unspecified). However, both
of the above studies do provide sufficient reason for
suspecting that even amongst college students, formal
operations may not be so widespread. Even though
Tomlinson-Keasey (1972) tested only females, Piaget gives
us no cause to suspect sex differences and Dulit's (1972)
older gifted adolescents (mean IQ of 135+) were specifi-
cally chosen from an advanced science course. National
chauvinism aside, it seems unlikely that a group of priv-
ileged Swiss children would function at 100% formal
operational while a group of carefully selected gifted
American adolescents could do not better than 60% formal
operational. Obviously, further data are needed if
Piaget's theorizing vis-a-vis the frequency of formal
operations is to be adequately evaluated.

In Inhelder and Piaget's (1958) book on formal oper-
ations, a series of tests are presented which are designed
to assess the degree to which a given subject has mastered
or attained the four characteristics of the formal stage

that have been previously described. Although these tasks
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are often cumbersome to administer, the logic behind their
selection is usually quite obvious. Somewhat less obvious
is that a methodology already exists which should allow
for similar assessment; this methodology is a variation
of the concept identification paradigm and is presented
in detail in Rapoport (1975). Basically, Rapoport pre-
sented subjects with a reception paradigm complete learning
task. The strategies used by the subjects for solution
are objectively assessed by the use of the Fink (1972)
technique. Using this approach, Rapoport (1975) was able
to replicate previous findings relating solution speed
(in trials to criterion) to strategy type as well as
differentiate rote from conceptual solution modes (c.f.
Lowenkron, 1969).

In terms of formal operations, Rapoport's task can
be analyzed as follows: Rapoport found that the wholist
or focusing strategy was significantly superior to all
other strategy types. The wholist strategy necessitates
the ability to form all possible combinations of stimuli
or, in Piaget's terms, the subject must be able to use
combinatorial analysis. Furthermore, since in the Fink
technique, dimensions which are absent in the stimulus can
be as important as those which are present, the subject
must, in Piaget's terms, be able to deal with the possible
as well as the real. 1In addition, since the task is
complete learning, the subject must discern the combina-

torial rule which, according to Piaget, involves
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propositional thinking. And, finally, since the subject
must abstract both a combinatorial rule and the relevant
attributes, hypothetico-deductive thinking is implicated
in the orderly reduction of possible solutions. Various
forms of the concept identification paradigm have been
used in prior studies of formal operations (e.g., Furth,
Youniss, & Ross, 1970; Yudin, 1966); however, these
studies either lacked the precision for strategy assess-
ment, failed to establish a relationship between the
concept task and the formal operations tasks, or else
were concerned with other developmental questions (e.g.,
Elkind, Barocas, & Johnsen, 1969).

According to the above analysis, the optimal concept
identification solver in the Rapoport (1975) study would
have to be operating at the near maximal formal operations
level. Those subjects who utilize less efficient, but
still eventually successful strategies (e.g., partism or
scanning) are most likely operating at an incomplete formal
level characteristic of one of Piaget's lower levels prior
to complete formal operations. Subjects who either solve
by rote memorization, or else do not solve at all, are

most likely not operating at the formal operations stage.
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EXPERIMENT 1

The purpose of Experiment 1 was to assess the sta-
bility of solving and nonsolving behavior over time.
Specifically, it is essential to demonstrate that non-
solving is not the result of transitory motivational or
situational stresseslbut rather demonstrates the true
abilities of the subject. Similarly, it must be shown
that a subject who is able to solve a concept identifi-
cation problem on day one is able to solve a similar
problem on day two. Because nonsolvers never experience
a long string of correct responses (i.e., the criterion
run for solvers) the possibility exists that day two
performance could be adversely affected by a phenomenon
similar to that observed by Miller and Seligman (1974):
that is, learned helplessness. In order to control for
the possible contaminating effects of learned helplessness
in nonsolvers, spurious reinforcements simulating a sol-
ution criterion run were administered to some nonsolvers
while other nonsolvers experienced no such spurious cri-
terion run. 1In order to assess the possible effects of
learned helplessness, each subject was required to self-
rate his performance on the task.

In terms of stability of solving and nonsolving
behavior, there are two possible outcomes of such a dem-
onstration: either nonsolving on day one implies non-
solving on day two, or else no clear implications can be

drawn from day one performance as it relates to day two.
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If performance on day one is, in fact, unrelated to
performance on day two, then we would be forced to conclude
that solving and nonsolving are not stable behaviors and
are under the influence of variables not controlled in

this study. If, however, it is shown that solution or
nonsolution on day one implies solution or nonsolution

on day two, and if spurious reinforcements show no effect
on day two performance for nonsolvers, then it will be
possible to proceed with Experiment 2 confident that the
cognitive skills being assessed are not transitory or
situational, but, in fact, accurately reflect the subject's

concept problem solving abilities.
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METHOD

Subjects and Design

Subjects were 43 volunteers from the introductory
psychology classes at the University of New Mexico, who
earned extra class credit for experimental participation.
Subjects were randomly assigned to one of two groups
constituted to counterbalance the relevant attributes of
the concept task. A further reassignment of nonsolvers
'to either zero spurious reinforcements or ten spurious
reinforcements groups was carried out after receiving 92
trials without solution. Subjects were tested individually
and on day one were presented with one complete learning
problem. Subjects returned 24 to 36 hours later and were
presented with a second complete learning problem. The
relevant dimensions in the two problems were counter-
balanced across days.

Apparatus and Stimuli

Distributed stimuli were presented by illuminating
three of six lights behind a translucent screen. The
screen was divided into three columns and two rows with
each of the six cells in the resulting grid comprising
a 50 mm square. The columns represented dimensions and
the rows represented values on the dimensions. Each
cell was labeled by a letter (A, B, or C) corresponding
to its column and by a number (1 or 2) corresponding to
its rowe.

The current value of a dimension was indicated by
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backlighting one of the two squares in each column. A
dimension selection panel consisting of three buttons
was located directly below the stimulus display so that
each button was below its respective column.

Response buttons and feedback lights were located
on a separate panel below the dimension selection panel.
The left response button and feedback light were labeled
"example" while the right pair was labeled "nonexample."
Feedback was administered by indicating the correct
response with the appropriate feedback light. An enable
light above the stimulus display was switched to green
to signal the start of a trial and switched back to red
concurrent with the offset of feedback.

Stimulus sequencing was programmed by means of a
paper tape reader and was constructed as follows: one
set of 32 stimuli was arranged so that each of the eight
possible stimuli appeared four times and no stimulus was
repeated in less than five consecutive trials. The
sequence was further constrained to prevent any one attri-
bute from appearing more than three times in succession.
Procedure

The subject instructions began with a detailed
description of the distributed stimulus set using a sample
stimulus as an example. When the subject understood the
nature of the stimulus display, he was told that he must
learn which stimuli were examples and which were non-

examples. The subject was then shown how to operate the

19



stimulus selection buttons. Throughout the reading of
the instructions, the subject was never told how many
dimensions were relevant or the nature of the combina-
torial rule. At the conclusion of the instructions, the
subject was shown that the solution could involve all
three dimensions, some combination of two dimensions, or
else only one of the dimensions.

For both day one and day two problems the combina-
torial rule was affirmation. Group One had C1 as the
relevant attribute on day one and 82 on day two. Group

Two had B, as the relevant attribute on day one and C1

2
relevant on day two. For nonsolvers, Groups One and Two
were further subdivided such that half the nonsolvers

in each group received zero spurious reinforcements while
the other half received ten spurious reinforcements at

the conclusion of the 92 trial termination point. Depen-
dent variables were trials and errors to criterion as

well as the subject's self-rating of his own performance.
The trial-to-trial data were the dimensions selected and
whether or not the classification response was correct.

A trial began when the enable light turned from red
to green which signaled subjects to begin selecting
dimensions. Immediately upon the subject's classification
response, the feedback 1light directly above the correct
response button 1it up and remained on, along with the
stimulus, for a period of 4 sec. Concurrent with the

offset of feedback, the enable light would turn back to
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red for a 3 sec duration until the start of the next
trial. A solution criterion of ten consecutive correct
responses was used. Nonsolvers were allowed 92 trials
before the session was terminated and the spurious rein-
forcements were presented. At the conclusion of day one
performance, each subject was asked to rate how he felt
he performed on a ten point scale; '"one" being very poor
and "ten" being excellent. In order to avoid the overall
appearance of failure, nonsolvers were told at the con-
clusion of day two performance that the data of interest
was their dimension selections and that attainment of

solution was irrelevant for this study.
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RESULTS AND DISCUSSION

Stability of Solving and Nonsolving

Table 1 shows the mean trials and errors to criterion
for solvers and nonsolvers on day one and day two perfor-
mance. All subjects who solved the concept problem on
day one also solved the problem on day two. Similarly,
all subjects who failed to solve the concept problem on
day one failed to solve the problem on day two. A sig-
nificance level of .01 was adoﬁted forvall 'gtatistical
tests reported. A chi-square analysis of the data in
Table 1 was significant, jﬁ?(l) = 43.00.

A Pearson Product-Moment correlation between days
calculated on the errors to criterion across solvers and
nonsolvers yielded an Y = .,944, 1In order to test the
hypothesis that Y = 0, a ¢ritical ratio z test was per-
formed and was significant, z = 6.118. It appears, there-
fore, that solution probability on the concept task is a
subject related parameter which is stable at least for the
24 to 36 hour period as assessed in this experiment.

Order Effect of Relevant Attributes

Table 2 shows the mean trials and errors to criterion
for solvers and nonsolvers on day one and day two grouped
according to order of relevant attributes. Group One,

1.

Group Two, day one, relevant attribute was C1 and on day

day one, relevant attribute was B2 and on day two was C

two was B2. Both errors and trials to criterion were

submitted to analyses of variance; however, since the
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TABLE 1
Mean Trials and Errors to Criterion for Solvers and

Nonsolvers for Day 1 and Day 2 Performance

Day 1 pay 2

Errors Trials Errors Trials

Solvers T 56 1774 5.00 12.43
Nonsolvers 39.50 92.00" 35.95 92.00"

.subjects terminated at 92 trials

23



TABLE 2
Mean Brrors and Trials to.Criterien for Seolvers: and
Nonsolvers for Day One and Day Two Performance

According to Order of Relevant Attributes

Group 1 Day 1 Group 2 Day 1
errors trials errors trials
Solvers Tee 2 1991 7.83 ol 1 SYEN
Nonsolvers 40.90 9200 38.10 92.00
Group 1 Day 2 Group 2  Day 2
errors trials errors Errals
Solvers 5.55 y b Ak 396 12433
Nonsolvers 35430 92.00 36.60 92.00
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error data more closely approaches equal variability
across cells and because the trials data represents a
ceiling effect due to nonsolver termination at 92 trials,
only the less constricted error data analyses will be
presented. For solvers, a univariate F test showed no
significance between the order of relevant attributes,

P 41l 323 = 008, MS_, = 1.349. Similarly, for nonsolvers
a univariate F test showed no significant difference
attributable to order of relevant attributes, F (1, 18)

= .083, ﬂée = 11.251. Apparently then, order of relevant
attributes does not affect performance for either solvers
or nonsolvers.

Learned Helplessness

Table 3 shows the mean errors to criterion on days
one and two for nonsolvers with zero or ten spurious rein-
forcements. A 2 x 2 analysis of variance of days by rein-
farcements was performed on these data. The effect of

days was nonsignificant, F (1, 36) = 2.033, MS_ = 43.63;

reinforcements were nonsignificant, F (1, 36) = .006,
MS_, = 43.63; and the interaction was nonsignificant, F

(1, 38) = 2,999, Mée = 43.63. Apparently, the introduction
of spurious reinforcements in the form of a pseudo criterion
run did not alter second day performance.

The mean self-rating score for subjects who solved
the day one problem was 6.89. For nonsolvers, those
receiving zero spurious reinforcers had a mean self-rating

of 5.58 while those receiving ten spurious reinforcers
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TABLE 3
Mean Errors to Criterion for Nonsolvers on Day One

and Day Two for Zero and Ten Spurious Reinforcements

Day 1 Day 2
0 reinforcements 38 = B5..
10 reinforcements 40.6 3648
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showed a mean score of 5.35. A one-way analysis of var-
iance was performed on the three levels of self-ratings
with a resultant significant between-groups effect, F

(2, 32) = 10.60, MS_ = 2.044. In order to determine the
locus of the effect, a t test was run on solvers versus
nonsolvers collapsed across reinforcement conditions with
a resultant significant effect, t (38) = 4.028. Solvers
therefore rated their performance significantly higher
than did the nonsolvers.

In order to determine whether the spurious reinforce-
ments had any effect on subjective self-ratings, an
additional t test was carried out between the nonsolvers
receiving zero spurious reinforcements and those receiving
ten such reinforcements. The results were nonsignificant,
t (14) = 1.442, indicating that although half the non-
solvers received ten spurious reinforcers, this manipula-
tion did not significantly affect their self-rating of

their performance.
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EXPERIMENT 2

The purpose of Experiment 2 was to provide data which
would shed light on a number of questions including: the
proportion of the sample operating at the formal operations
level, the specific empirical relationship between the
formal operations assessment tasks and the concept identi-
fication paradigm, and the relationship between conceptual
strategies and the level of formal operations attainment.

Due to the fact that Experiment 2 involves the testing
of subjects on Piagetian formal operations tasks selected
for their closeness to the concepts defining the stage
(Dulit, 1972), data will result which will allow prelim-
inary normative statements with regards to the proportion
of the sampled population which is operating at the formal
operations level. Although little literature exists cur-
rently which might suggest what this proportion might be,
that which is available indicates that between 25 to 60%
of the sample can reasonably be expected to be formal
operational. This possibility is of particular interest
because of Piaget's prediction that amongst college stu-
dents, formal operations are all but universal.

Despite the fact that the concept identification
paradigm has been used in prior formal operations studies
(Furth, Youniss, & Ross, 1970; Yudin , 1966), the empir-
ical relationship between this paradigm and Piagetian
assessment tasks has yet to be established. The logical

formal analysis of the concept task presented in the

28



general introduction indicates that the cognitive skills
necessary for its solution are the same cognitive skills
necessary for the solution of the formal operations tasks.
In order to assess the relationships, analysis of the task
data will involve the use of correlations between the
errors to criterion scores on the concept task and sep-
arate and combined formal operations scores. Scores on
the Piagetian tasks correspond to stage levels discussed
in the procedure section such that on a given task, scores
could range from 1.0 to 5.0. It was predicted that sub-
jects making few errors on the concept task would also
achieve the highest formal operations level scores. This
prediction should manifest itself in significant negative
correlations between concept and formal operations scores.
In the course of the above analysis of the relation-
ships between the tasks, statements relating nonsolution
and failure to attain formal operations will be derived.
Specifically, the possibility that the nonsolving behavior
observed in concept studies is related to the failure of
the nonsolver to operate at the formal level will be
assessed. Therefore, it is predicted that nonsolvers on
the concept task will also prove to be either not oper-
ating at the formal level or else operating at a level
which is a precursor to fully formal functioning. 1In the
event that the predicted relationship between formal
operations and concept identification is found, the impli-

cations would be significant as the concept identification
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literature is a very comprehensive analytical body with
much to say about development, process, and training.
Unlike many concept identification tasks, the one
used in this study allows for an unbiased assessment of
the strategies used in the solution of the concept task
(see Rapoport, 1975). The analysis of reception strat-
egies provided in the general introduction strongly sug-
gests a relationship between strategy type and degree of
formal operations attainment. It was therefore predicted
that subjects who solve the concept task using the wholist
strategy are operating at the fully formal level because
the skills underlying the wholist strategy appear to be
the same skills underlying formal operations. Similarly,
subjects who either fail to solve the concept task or
else solve the concept task by rote memorization do so
because they do not possess the formal skills necessary
to use a more highly evolved strategy. Finally, subjects
who use a successful, but less efficient, strategy as
manifested by solution with a large number of errors to
criterion will be expected to exhibit lower level values

on the formal operations assessment tasks.
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METHOD

Subjects and Design

Subjects were 45 volunteers from the introductory
psychology classes at the University of New Mexico who
earned extra class credit for participation in experiments.
Subjects were randomly assigned to one of four groups
constituted in order to partially counterbalance the order
of presentation of the concept task and the Piagetian
tasks. In order to avoid fatigue, testing took place
over a two day period. Group I received the concept task
on day one. On day two, the two Piagetian tasks were
presented; the liquids problem was given first and the
rings problem second. Group II also received the concept
task on day onej; however, on day two, the two Piagetian
tasks were presented in the reverse order, i.e., the rings
problem first and the liquids problem second. Group III
received the Piagetian tasks on day one with the liquids
first and the rings second. On day two the concept task
was presented. Group IV also received the Piagetian tasks
on day one; however, the rings problem was presented first
and the liquids second. On day two, the concept task was
presented. No subjects were eliminated since nonsolution
was a topic of interest; however, nonsolvers were declared

as such after 92 trials without reaching criterion.

Apparatus and Stimuli

The concept identification task. Apparatus and

stimuli for the concept identification task are presented
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in detail in the method section for Experiment 1. The
only modification necessary for this experiment was that
the concept task was administered only once as opposed

to twice for Experiment 1. Because the relevant attribute
did not prove to be a significant variable in Experiment 1,
C1 was the relevant attribute for all subjects in all
groups.

The liquids task. The apparatus consisted of five

large plain bottles, each filled to the same level with
fluids that all looked like clear water. The bottles were
distinguished only by the labels 1, 2, 3, 4, and G. Bottle
1l contained distilled water; bottle 2 contained potassium
iodide; bottle 3 contained distilled water, bottle 4
contained dilute acetic acid and bottle G contained dilute
potassium plus starch. With the bottles thusly labeled,
bottles 2, 4, and G had to be combined to yield "blue
water." Bottles 2, 4, and G represented the necessary
combination; however, 1,.:2, 4; and G4 2, 3, & and G;

or, 1, 2, 3, 4, and G represented sufficient conditions
for blue water since bottles 1 and 3 contained distilled
water. Along with the five labeled bottles, the subject
was provided with eyedroppers for sampling the liquids

and paint mixing trays in which to mix the chemicals.

The rings task. The apparatus consisted of a graded

series of rings, each on a stalk. Piaget and Inhelder
(1958) used rings of 5, 10, 15, and 20 em in diameter;

however, Dulit (1972) suggests the inclusion of 8, 13,
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and 17 cm rings in order to make the task somewhat more
demanding. The projection of the shadows of the rings
involved a baseboard with a screen attached to one end,

a light source, and the various diameter rings. The rings
could be moved along the baseboard by inserting the ring
stalks into the holes which ran the entire length of the
baseboard. The subject's task was to produce two shadows
of the same size with different sized rings. In order

to solve this task, the subject had to generate the prin-
ciple of proportionality; that is, the size of the shadow
is directly proportional to the diameter of the ring and
inversely proportional to the distance between the ring
and the light source.

Procedure

The concept identification task. The procedure for

the concept identification task is presented in detail

in the method section for Experiment 1. The only modifi-
cation necessary for this experiment was that the concept
task was presented only once as opposed to twice for
Experiment 1. Because the relevant attribute was not a
significant variable in Experiment 1, C1 was the relevant

attribute for all subjects in all groups.

The liquids task. The subject was brought into a

small experimental room and seated in front of a table
upon which were the bottled chemicals, the eyedroppers,
and the mixing trays. The subject was shown a tray with

blue water and was told that the blue water was made by

33



combining some number of the chemicals from the five
available bottles. The subject was then instructed that
his task was to "figure out" how to obtain blue water,
using all the bottles, or any combination of the bottles,
as the subject saw fit. The performance of the subject
was scored on a five point scale. Stage 1l: at this stage,
the subjects are limited to ran<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>