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IN MOST LABORATORY EXPERIMENTS in learning, and probably in most
other learning situations, the subject learns two operationally separable
things. He learns the task or lesson set to him, and he learns how to
learn it. The first of these two aspects of learning is defined in terms
of the relation between some measure of performance on a given task
and the amount of practice on that task, the second is specified in terms
of the relation between performance and practice on successive tasks
belonging to the same class. This is the distinction between intratask
learning and intertask transfer.

Concept formation or concept identification experiments are among
learning situations in which both intratask learning and intertask
transfer take place. While a good deal of work has been done on the
relation between interproblem transfer and intraproblem learning in the
framework of the theory of learning sets (Harlow, 1949, 1959) and on
the effects of various kinds of pre-training on performance in concept
identification problems (for example, Adams, 1954; Callantine & Warren,
1955; Morrisett & Hovland, 1958), relatively less is known about inter-
action effects between interproblem practice and various other inde-
pendent variables that determine intraproblem performance.

The present experiment is an attempt to clarify the role that inter-
problem practice plays in utilization of information from positive and
negative instances of concepts. Hovland and Weiss (1953), motivated
by some early work by Smoke (1933) and guided by Hovland’s (1952)
mathematical analysis of information in positive and negative instances,
demonstrated that subjects cannot handle information from negative
instances of concepts as readily as from positive instances, even if the
amount of information and the total number of instances presented are
held constant. In a more recent experiment, Freibergs and Tulving (1961)
confirmed these findings, but they also found that subjects’ performance
was greatly affected by learning of successive problems, and that in the
course of practice with 20 problems the difference between subjects
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working with all-positive instances and those working with all-negative
instances became very much smaller than was the case initially.

The problem of the efficiency with which subjects can handle informa-
tion from positive as against negative instances is an important one,
since it is concerned with one of the basic properties of thinking and
reasoning as information processing systems. Can human subjects oper-
ate as logic machines, in the sense that the only important determinant
of their ability to solve a given problem is the amount of logical informa-
tion available, or is their thinking also influenced by the form of the
information? Hovland and Weiss, on the basis of their findings, were
inclined to accept the latter alternative, but Freibergs and Tulving have
questioned the generality of Hovland and Weiss’ findings. They argued
that the superiority of positive over negative instances reflects extra-
experimental transfer effects rather than properties of the human
nervous system, and suggested, extrapolating from their own data, that
for well-practised subjects the form of information conveyed by instances
of concepts might well be irrelevant to the ease of identification.

The general objective of the present experiment was the elucidation
of the nature of interproblem practice effects in utilization of information
from positive and negative instances. Transfer both within and between
series of problems involving instances of different types was investigated.
It was hoped that the findings would not only clarify the nature of inter-
problem transfer, but would also permit a more informed evaluation of
the problem pertaining to subjects” ability to deal with information differ-
ing in quality, but not in quantity.

MeTHOD

General Design

The general design of the experiment is summarized in Table 1. There were
four groups of Ss. All Ss in all groups solved 24 concept identification problems
which were divided into two series of 12 problems in the order of presentation.
All problems in a given series for a given group involved either three positive
instances or one positive and two negative instances [“mixed” instances) of a
two-valued conjunctive concept, but the two series were different for different
groups as shown in Table L

This design permits a number of comparisons concerned with both within-type
and between-type intertask transfer, where type refers to the type of instances
{ positive or mixed ) that were used.

Subjects

Forty S5 were sclected haphazardly from the subject pool consisting of the
names of all students taking general psychology courses at the University of
Toronto. There were 17 women and 23 men, ranging in age from 18 to 26 years,
None had had any previous experience in concept identification experiments. The 5s
were assigned to the four groups in order of their appearance in the laboratory.
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TABLE 1
DEsicy oF THE EXPERIMENT
Groups Problems

Series [ Series [T
N = 10 in each Problems 1-12 Problems 13-24
Group PP Positive instances Positive instances
Group PM Positive instances Mixed instances
Group MP Mixed instances Positive instances
Group MM Mixed instances Mixed instaneces

Stimulus Materials and Subjects’ Task

The stmulus materials consisted of 16 cards, constituting a subset of the
instances used by Bruner, Goodnow, and Austin (1956, p. 42). Each card differed
from others in one or more of the four binary dimensions. The dimensions and their
valies were: shape of fgures (circles and triangles), colour of figures (red and
green ), number of figures (one and two), and number of borderlines {one and twa).
The conjunctive concepts to be identified by Ss involved one value within each of
two relevant dimensions, with the other two dimensions being irrelevant.

For instance, one conecept of this kind was “green and square.” All cards in the
set of 16 that contsined green squares, regardless of the number of squares and
the number of borderlines, represented positive instances of this concept, while all
other cards represented negative instances of the concept.

Within the set of stimulus cards used, it is possible to define 24 different concepts
of this general class. Also, within the set of 16 cards, there are four positive instances
and 12 negative instances for each of the 24 different concepts.

The 5's task was to identify the concept on the basis of three instances presented
by E. The § was always shown a positive instance first, and then either two further
positive instances, or two negative instances, depending upon the experimental
condition. Each of the second and third instances, both in the positive and mixed
conditions, differed from the initial positive instance in one dimension only. Each
of the two additional positive instances specifies an irrelevant dimension because, if
a dimension changes its value from one card to the next, but the instance remains
positive, the changed dimension is irrelevant. Each of the two additional negative
instances specifies a relevant dimension because, if a dimension changes its value
from ome card to the next and the instance becomes negative, the dimension is
relevant, Thus, in each case, three positive or mixed instances are logically sufficient
to completely define the concept.

Procedure

All S5 were given 24 successive problems, under conditions set out in Table L
Each problem involved the identification of a different concept. The particular con-
cept to be identified on any trial was drawn randomly from a list of the 24 concepts
of the required type within the limits of the materials used, with the restriction that
no concept was given to the same S more than ence. Thus, each § dealt with each
of the 24 concepts in the course of 24 trials. The initial positive instance shown for
each problem was also chosen randomly from the four possible instances in each
case. The subsequent two positive or two negative instances were unequivocally
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determined by the concept and the initial positive instance; they were selected by E
accordingly. Finally, the order of presentation of concepts to each 5 was determined
randomly.

The §s were tested in individual sessions. All 16 stimulus cards were spread out
before the 5 on a table, in a systematically arranged amay of four rows and four
columns as shown in Table II. The same array was used for all 5s. To present the
instances of a given concept to 8, E pointed to three cards in the amay. Under the
condition of mixed instances, the positive instance was always pointed out first,

TABLE II
ArrAY oF STiIMULUS CArDS PRESENTED TO SUBJECTS

1B, 1, G, C 1B, 2, G, C 1B, 1, G, 5 1B, 2, G, 5
1B, R, C 1B, 2, R, C 1B, LR, § 1B, 2, R, 5
2B, 1, G, C 2B,2, G, C 2B, 1,G, 5 2B, 2, G, 5
2B. 1. E,C 2B, Z, R, C 2B, 1R, 5 2B, 2, R, 5

MNote: 1B (2B)—one (two) borderline(s); 1 (2)—one (two) fAgure(s);
G (R)—green (red) figures; C—circle, S—square.

Instructions to Ss included a description of the stimulus materials in terms of
the four dimensions and two values within each dimension, the general definition
of the concepts used in the experiment, and a demonstration of all positive and
negative instances of a sample concept.

The part of the instructions dealing with 5's task differed for the two conditions
of the experiment, The Ss in Groups PP and PM, before beginning problem 1, and
S8s in Group MP, before problem 13, were told: “You will now be shown three
positive instances of a concept and you are to try to identify and name the two
characteristics of the concept as quickly as possible. If you are incorrect, I will tell
you so, and you may offer further opinions until correct. The three positive instances
will provide you with enough information to identify the concept.” The Ss in
Groups MP and MM, before problem 1, and Ss in Group PM, before problem 13,
were told: “You will now be shown one positive instance and two negative instances
of a concept and you are asked to try to identify and name the two characteristics of
the concept as quickly as possible. If you are incorrect, I will tell you so, and you
may offer further opinions until correct. The one positive instance and the two
negative instances will provide you with enough information to identify the concept.”

The Ss in Groups FF and MM, following problem 12, were permitted to rest for
approximately the same amount of time as it took to administer the additional
instructions at this point of the experiment to Groups PM and MP. The mean duration
of this interval was approximately 60 sec., although it varied from § to §, depending
on the questions that 55 were permitted to ask and the amount of time that it took
E to re-read appropriate parts of the instructions in response to these questions.

Hesponse Variables

The main response variable was the amount of time taken to identify and correctly
verbalize the concept. A stop-watch was started after the third instance had been
pointed out by E, and stopped when the 8 correctly identified the concept. Times
were recorded in sec. to the nearest sec. If § gave an incorrect answer, he was
informed that it was incorrect and allowed to offer further answers.
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BEesvLts

Data from Groups PP and MM over 24 successive problems (24
“trials”) are relevant to the question of over-all interproblem practice
effects. Figure 1 shows median time to solution for the subjects working
with positive and with mixed instances. These curves, as well as those in
subsequent figures, have been smoothed by taking moving averages for
blocks of three trials, with the exception of the first and last trial of each
series of 12 trials. As can be readily seen from the graph, the initial
difference between subjects working with mixed and with positive
instances is very large indeed. On Trial 1, for instance, the median
solution time for the mixed instances is over 130 seconds, while that for
the positive instances is less than 20 seconds. The performance of both
groups improves with successive practice until, at the end of 24 trials,
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Froune 1. Median time to solution over 24 consecutive
problems for subjects working with mived instances
(Group MM) and with positive instances (Group PF).
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the difference between the two groups is quite small. On Trial 23, for
instance, the median times to solution for both groups were 3.0 seconds;
on Trial 24, the median for Group PP was 2.0 seconds, for Group MM
2.5 seconds.

O—0 GROUPS PPAPM, TRIALS 12
b——0 GROUP WP, TRIALS I3-24

ORDIAL  POSITION OF PROBLEM
Foume 2. Median Hime to solution over 12 consecutive
problems involving positive instances, following 12 prob-
lems involving mixed instances (Group MP) or no
previous practice of any kind (Groups PP and PM).

In view of the regularity of trends, no over-all statistical analysis was
done on these data. Individual median tests for the last three trials
yielded no significant differences. Thus the conclusion seems to be war-
ranted that there are large interproblem practice effects when subjects
work with mixed instances, smaller practice effects when they work
with positive instances, and that the initial large difference between the
two groups becomes quite small over the course of 24 successive problems.

The between-type transfer effects, that is, transfer from positive to
mixed instances and from mixed to positive instances, can be evaluated
in two ways. First, the performance of subjects working with one type
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of instance, following practice with the other type, can be compared
with the performance of subjects working with the same type, but with-
out any previous practice of any kind. Second, the' performance of
subjects working with one type of instance, following practice with the
other type, can be compared with the performance of subjects working
on the same type, but following practice on the same type.

In Figure 2, median times to solution for Groups PP and PM com-
bined, on Trials 1 to 12, are compared with the same data for Group MP
on Trials 13 to 24, All these data come from subjects working with
positive instances. Groups PP and PM have had no previous practice of
any kind, while subjects in Group MP have had 12 successive problems
involving mixed instances. The difference between the two groups is
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Figure 3. Median time to solution over 12 consecutive
problems involving mixed instances, following I2 prob-
lems involving all-positive instances (Group PM) or no
previous practice of any kind (Groups MM and MP).
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obvious: at least on early trials, the performance of Group MP is more
efficient than that of the other two groups. We conclude, therefore, that
practice with mixed instances facilitates Performanca with positive
instances when compared with the effect of no previous practice.
Comparable data for mixed instances are shown in Figure 3. Median
times to solution for Groups MM and MF on Trials 1 to 12 are compared
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Ficuge 4. Median time to solution over 12 consecutive
problems in series 2 for four groups of subjects.
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with the same data for Group PM on Trials 13 to 24. In general, the
curves are rather similar, and analysis of variance on log transformation
of solution times yields no significant differences between the groups.
This permits us to draw the conclusion that previous practice with
positive instances does not facilitate ;-m‘furmanne. with mixed instances
when compared with the effect of no previous practice of any kind.
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The second way of considering transfer effects consists in comparing
the effect of practice with either of two types of instances on solution
of problems involving instances of a given type. For instance, we can
compare the effect of practice with positive instances and practice with
mixed instances on performance with positive (or with mixed) instances.
In such a comparison, “warm-up” effects are held constant for different
groups and only factors specific to a given task are presumably in
operation.

Figure 4 presents the data relative to these comparisons. In this figure,
median times to solution on Trials 13 to 24 are presented for all four
groups. Two comparisons are relevant. First, consider Groups PP and
MP, indicated by open circles and open triangles respectively, and
represented by the two lower curves in the graph. These data represent
performance with positive instances, Group PP following 12 trials of
practice with positive instances and Group MP following 12 trials of
practice with mixed instances. While the two curves are virtually identical
from position 19 on, analysis of variance on log transformations of solu-
tion times yields an F of 2.14 (11 and 198 df) for the interaction between
trials and groups, which is significant at the .05 level, and suggests that
the slopes of the two curves differ, Thus we conclude that practice
with mixed instances facilitates subsequent performance with positive
instances, when the comparison is made with the effects of no previous
practice of any kind, but that this facilitation, under the conditions of the
present experiment, is not quite as pronounced as that provided by similar
amount of practice with positive instances.

The second comparison in Figure 4 concerns Groups MM, indicated
by filled circles, and PM, indicated by filled triangles. These data repre-
sent performance with mixed instances, but following different types of
previous practice. The fact that these two curves are obviously different,
with the performance of Group PM being considerably inferior to that
of Group MM, simply confirms the findings as previously stated—there is
a good deal of transfer from mixed instances to mixed instances, but none
from positive to mixed instances.

Discussion

The observed interproblem practice effects, quite pronounced in case
of mixed instances and less extensive in case of all-positive instances, are
in agreement with the findings of Freibergs and Tulving (1961) and
with the results of learning set experiments in which subjects do not
have to verbalize the concept, but have to learn discrimination responses
consistent with a concept (see Harlow, 1959). The finding of the
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interaction between amount of interproblem practice and the type of
instances, and the virtual disappearance of the difference in solution
times between positive and mixed instances after some 20 problems, are
also in good agreement with Freibergs and Tulving’s results. These
results seem to suggest that well-practised subjects can utilize informa-
tion equally efficiently from positive and negative instances. That this
conclusion may be erroneous, however, is implied by the asymmetrical
transfer effects—positive transfer from mixed to positive instances, none
from positive to mixed instances.

The observed asymmetrical transfer effects can be understood, if we
think of the subject’s task in terms of recoding of available information.
There exist relatively simple rules by which such recoding can take
place. For positive instances the rule is: find two dimensions that have
the same values on all three stimulus cards, the two values define the
concept. For mixed instances, the rule is: find two dimensions that have
the same values on exactly two stimulus cards, the two values define
the concept. In both cases the relevant values of the concept are directly
perceptible, there is no strain on memory, and no other inferences need
to be drawn. It is reasonable to assume that if the interproblem improve-
ment in subjects’ performance was attributable to the learning of the
rule, then eventually subjects would be expected to handle both types
of instances equally efficiently,. When questioned by the experimenter,
however, not a single subject could verbalize the rule for mixed instances,
although most of them could state it more or less accurately for positive
instances, Furthermore, if subjects had really learned this rule for direct
recoding of information from mixed instances, any transfer effects from
one type to the other, attributable to over-all “warm-up” effects, should
have been equal in extent.

The obtained asymmetry in these transfer effects, therefore, argues
for a mechanism of handling information from mixed instances that
involves more than one step. It is as if the information from mixed
instances had been first translated by the subject into the form corre-
sponding to positive instances, before being expressed in terms of the
identifying response. Practice with mixed instances thus would include
learning how to get from positive instances to the identifying response,
and result in positive transfer from mixed to positive instances as observed
in the experiment. Practice with positive instances, however, would not
entail any learning that could be transferred to handling mixed instances,
and no comparable transfer effects were observed.

Two steps of information processing presumably would take more
time than one, but the difference, although real, may be quite small and
not easily detectable. Ever since the early work on imageless thought by
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the Wiirzburg school it has been known that cognitive processes of rather
complex nature can run their course extremely rapidly. In an experiment
such as the present one, the output phase, that is, the verbal response, is
relatively slow, and its variability may mask systematic differences in
solution times for problems involving information different in form, but
identical in amount.

In conclusion, then, while no definite statement can as yet be made
as to utilizability of information from different kinds of instances, under
conditions where interproblem practice effects—obviously an important
determinant of such utilizability—are taken into account, it seems that
Hovland and Weiss’ (1953) observation of superiority of all-positive
instances over mixed positive and negative, and over all-negative
instances, might quite well hold for skilled subjects. The asymmetrical
transfer effects observed in this experiment make sense if we assume
that recoding information from mixed instances proceeds through the
stage of coding corresponding to positive instances and hence involves
both more steps and takes more time than does recoding of information
from positive instances. Results such as those of Freibergs and Tulving
(1961), as well as those depicted in Figure 1 of this paper, based on a
straightforward comparison of interproblem practice effects for different
kinds of instances, suffer from the difficulties inherent in the measurement
of speed of cognitive processes, and for this reason may not tell the

complete story.
SUMMARY

This experiment examined the efficiency with which Ss can handle information
from positive and “mixed” (involving both positive and negative) instances of
comeepts as a function of prior practice with positive and mixed instances. Forty 3s,
divided into four groups, identified 24 successive concepts on the basis of all-positive
or mixed instances. Time to solution constituted the main response variable.

It was found, first, that S5’ performance in identifying concepts from mixed
instances improved greatly with practice on problems of the same class, and that
some improvement, although on a smaller scale, occurred for positive instances;
second, that there was a pronounced interaction between practice and type of
instances used—the difference in performance of subjects working with positive and
those working with mixed instances became progressively smaller with practice; and
third, that there was positive transfer from practice with mived instances to per-
formanee with positive instances—although not as much as from positive instances
directly—but no similar transfer from positive to mixed instances.

The asymmetrical transfer effects were interpreted as providing support for the

sis that information from positive instances is probably utilized more
efficiently than that from mixed and negative instances even under conditions where
typical response measures, involving relatively slow output processes of the human
organism, might fail to indicate any differences in utilizability of information from
different instances.






