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Abstract

A complex stimulus situation was employed in a variation of the
reversal-nonreversal paradigm. Adult human subjects were given simple
and complex forms of reversal and nonreversal shifts to perform on a
four-dimensional, two relevant dimension problem. It was found that
a simple reversal was more readily performed than a complex reversal,
and that a complex nonreversal was more readily performed than a
simple npnreversal. A replication, incorporating an evaluation of
experimenter bias, verified the initial findings., Explanation of
the results in terms of the Kendler & Kendler (1962) two-stage med-
jation theory and the Zeaman & House (1963) attention theory was
shown to be impossible without modification to the theories.
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1. Introduction

¢
The influence of Spence (1936) can be seen in most approaches to

problem=solving, but the contemporary study of the role of the concept
and its utilization is more directly evolved from Lawrence's (1949, 1950)
studies, which demonstrated that transfer between problems on the basis
of stimulus dimensions which are relevant to both acquisition and test
concepts could be learned regardless of the overt choice responses
conditioned to the acquisition stimulus. The transfer of dimensional
dominance is the basis of the single-stage component and pattern theories
described by Bower (1961) and Estes (1959).

Although component and pattern theories adequately explained most
simple problem-solving, they were not capable of accounting for the more
complex reversal-=nonreversal shift paradigml. Several studies clearly
indicated the need for a reconsideration of the single-process theories
by pointing out that animal (Kelleher, 1956) and young human (Kendler,
Kendler & Wells, 1960) subjects perform better on nonreversal shifts,
and that adult human subjects perform better on reversal shifts (Buss,
1956; Harrow & Friedman, 1958; Kendler & D'Amato, 1955). As these
results could not be explained in terms of extant single-process

theories, since such theories predict that prior X - Y learning will

1. The reversal-nonreversal paradigm involves the learning of a
concept according to a set of rules involving combinations of dimensions
and values along the dimensions. When the concept has been learned to
some specified criterion, the experimenter changes the concept and
studies the subject's ability to shift to the new concept. Reversal
shifts are confined to changes within the positive dimension while
nonreversal shifts involve changes of positive dimension (Wolff, 1967).

.



impede Y - X learning, attenfion turned to dual-process theories.

Largely as a result of the requirement for an explanation of the
reversalenonreversal paradignm resﬁlts, two types of dual-process theories
emerged. These can be summarized as<pedigf§gg_gpeq£@os (Kendler &

Kendler, 1962) and»gt}ggyionz theories (Trabasso & Bower, 1968;

Zeaman & House, 1963).. Within theulatter classification there are
several mathematical models (Estes & gopkins, 1961), but these models
differ primarily in their approaches to the analysis of the stimulus
situation and not on basic theoretical tenet.

The two-stage mediation theory (Kendler & Kendler, 1962) revealed
the influence of chaining processes (Kendler, 1961). Kendler & Kendler
(1962), in their consideration of "horizontal® and "vertical®™ processes,
relied on chaining to explain, the apparently different processes
utilized by young human (and infrahuman) subjects and adult human
subjects. Specifically, they employed the construct of the "response-
produced cue as a mediator" (Harper, 1964, p. 583) between the stimulus
situation and the overt response. The horizontal processes, then, are
constructs designed to account for the continuity of behaviour during
problem=-solving; the vertical processes to account for the apparently
contiguous consideration of several levels of S = R units, These
descriptions have been criticized by Mackintosh (1965, p. 144) for
their vagueness, and interpreted by Wolff (1967) as, respectively,
verbal labels for dimensions and verbal labels for within-dimension

cues,

2, Attention is here considered simply as an orienting response by
the organism to certain aspects of the stimulus situation,



Where the mediation theory reflected the influence of chaining
processes, modern attention theories began with Lawrence (1949, 1950),
whose ideas were incorporated into ono-stage3 attention theories (Bower, '
1959; Estes, 1959). When it became evident that the single-process
approach ﬁas inadequate, an amalgamation of pattern and component
theories led to the formulation of the current dual-process attention
theories (Trabasso & Bower, 1968; Zeaman & House, 1963). Such theories
state that problem-solving is achieved by two distinct processes. The
first of these consists of directin; attention to the relevant stimulus
dimension and adapting out attention to those dimensions which are
irrelevant., The second process consists of conditioning an overt choice
response to some value along the relevant dimension. Attention theory
thus holds that it is this combination of response tendencies that
comprises problem-solving activity.

Although Mackintosh (1965), in a review of selective attention in
discrimination learning,.refused to admit the valiaity of Kendler &
Kendler's mediational approach on the grounds that the intervening
"response-produced cue® is left formally undefined, it would appear that
to some writers (Wolff, 1967), the two approaches are useful despite their .
differences., Although the.foci are different (verbalization vs.
attention), it would appear that, in many respects, they are compatible.
The vertical processes of the mediation theory correspond to the overt
choice responses of the attention theory, and the horizontal processes

parallel the attention to dimension aspect of the attention theory.

3¢ One-stage theories hold that discrimination learning is a single,
continuous process.
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It should be evident that the notion of competing response tendencioé

can be discovered in both attentlon and mediation theories. A central
aim of problem-solving research, then, is to determine the method of
operation of the competing response tendencles. Upon presentation of
a stimulus situation, the subject sets about sampling from the pop-
ulation of available attributes. The attributes under consideration
can be classified as dimensions (ie: size, shape) and ;alues along the
dimensions (ie: large, medium, small; round, octagonal, square) =
dimensions elicit a general, covert response to a class of cues and
values elicit overt choice responses to particular cues from a class,
The strength attained'by these responses is generally accepted to be a
function of reinforcement (Estes, 1959, p. 49), and both Trabasso &
Bower (1968) and Zeaman & House (1963) employ reinforcement in their
mathematical models for the analysis of the strength of analysers.

If mediation and attention theories are similar in that they both
postulate two types of response, they disagree on the question of the
relative importance of the types of response. Although the Kendler &
Kendler (1962) theory is described as "pretheoretical™, it is suggested
that the two types of response might be equally weighted, and that a
measure of the difficulty of any shift might be the sum of the number
of new assoclations that must be formed (p. 591). Goss (1961, p. 258)
gives a theoretical justification of this assumption of equal response
weights. In contrast to this point of view, Mackintosh (1965) suggests
that there is no evidence that attention and choice responses obey the
same laws, This approach is followed by Zeaman & House (1963). It

appears that the independent manipulation of parameters would make the
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explanation of shift effects less difficult. It should, however, be noted
that Kendler & Kendler (1962, p. 591) explain that they merely offer the
notion of equal weights until experimental clarification is available.

It is interesting that, on the basis of the assumption of equal weights,
the finding that a reversal shift is more readily performed by adult
human subjects (Kendler & D'Amato, 1955) is not explicable., If both
dimensional and overt choice responses are learned and equally weighted,
it is difficult to explain why the dimensional response is not
extinguished at the same rate as the choice response, since neither

is reinforced until the subject has extinguished his choice response.
This observation would indicate that unequal weights are required, as
advocated by the attention theorists.

It is concluded that both attentibn and mediation theories are
useful in their approaches to problem-solving, and that, with the
addition of the assumption of differential weights to the mediation
theory, both can explain simple problem-solving of the type encountered
in the reversal-nonreversal paradigm.

Unfortunately, most concept learning is not of the twp-dimensional,
two value per dimension type often ehcountered in the literature.
Concept learning typically involves many dimensions and many values per
dimension. To generalize from the results of two-dimensional studies
to complex human concept learning would at best be precarious, and could
well 1lead to the same type of oversimplification as that which resulted
from the single-process theories and the simplistic studies they
inspired. Tighe & Tighe k1968) explored the complex stimulus sit-

uation by employing three and four values per dimension, but there has



been little research into the use of multiple dimensions,

The purpose of the present study was to examine a more complex
stimulus situation from within the framework of the two-stage mediation
and attention theories in the hope that a more useful paradigm than the
simple reversal-nonreversal shift would emerge. It was anticipated that
a more complex reversal-nonreversal paradigm might prove useful in
evaluating existing theories of problem-solving, and that its use
might facilitate generalization to complex human problem-solving.

The shift examined in the present study was a modification of
the common reversal-nonreversal paradigm (Wolff, 1967) comprising
two dimensions with two values per dimension. For the training
sequence, one dimension and one of its two values are relevant (pos-
itive). A reversal shift requires that the same dimension remain
relevant and that the choice response be shifted to the other value
on the relevant dimension (ie: if colour is relevant, black positive
and shape irrelevant, the shift would be from black to white)s A
nonreversal shift requires that the relevant dimension be changed
and that one value from the new relevant dimension be chosen (ie:
shape becomes relevant, square or round positive, and colour
irrelevanﬁ). Thus, the reversal shift involves a.change in overt
choice response only, while the nonreversal shift involves changes
in both dimensions and overt cholce response.

The present study specified two degrees of shift difficulty as
well as types (reversal/nonrovérsal) of shift. The stimulus situation\
consisted of four dimensions and two values per dimension. Two -

dimensions and one value from each were relevant to all solutions.



The acquisition series consisted of determining the two relevant
dimensions and learning responses to the two positive values from
these dimensions.

Two reversal shifts were defined. A simple reversal (SR) was a
shift in which only one choice response from one relevant dimension
was changed; a complex reversal (CR) was a shift in which both overt
choice responses were changed. In accordance with the common definition
of reversal, the relevant dimensions were not changed in either the
simple or complex reversal, and the positive values for both acquisition
and test sets were from the same two dimensions., Similarly, two none
reversal shifts were defined. A simple nonreversal (SN) was a shift
in which one relevant dimension from the acquisition set was replaced
as relevant by a previously irrelevant dimension and the second relevant
dimension and its dimensional value (overt choice response) remained
relevant. In the complex nonreversal (CN), both previously relevant
dimensions became irrelevant. ' In nonreversal shifts, new overt choice
responses accompanied new dimensional responses.

Tablq I lists all possible simple and complex reversal and non-
reversal shifts which could follow Blue Square or One Small as the
acquisition concept. Table II enumerates the new responses required
for each shift, and the Total column gives a stafement of ihe relative
difficulty of the shifts as predicted from the Kendler & Kendler (1962)
theory with the assumption of equal weights. In terms of errors to
criterion, this theory predicts SR<CR = SN< CN,‘ aind thus that reversal
shifts will be easier than nonreversal shifts (Buss, 1956). The
Zeaman & House (1963) theory ylelds CR< SR and CN< SN, but makes no
specific prediction of the relative difficulty of reversal and non-

reversal shifts,



Table I

Examples of Simple and Complex Reversal and Nonreversal Shifts

From the Acquisition Concepts Blue Square and One Small

ACQUISITION

blue square

one small

SR R
blue circle red circle
red square

one large

two large
two small ’

SN

one blue

' two blue

large blue
small blue
one square

. two square
' large square

small square

small red
small blue

- small square

small cirecle
one red

one blue

one square

' one circle

12

one large
two large
one small
two small

red square
red circle
blue square
blue circle



Table II
New Responses Required for Shifts “°

Shift New Responses
Dimen;ion Choice | Total
SR e 1 s 1
CR - 0 2 2
SN : 1 ’ | 2
; . .



2, Experiment 1

Subjects. Forty male officers and non-commissioned officers of
the Canadian Armed Forces served as volunteer subjects. Their ages
ranged from 21 to 45 years, with an average of approximately 30 years.

Stimulus Mategggls.' The stimuli for both acquisition and test

phases consisted of six identical sets of sixteen 12.70 cm by 7.60 cm
whité index cards. Geometric figures, differing on four dimensions and
two values per dimension, were drawn on the cards with red or blue ink.
The dimensions were colour (red/blue), shape (square/circle), size
(large/small), and number of figures (one/two). Each stimulus card
displayed one value from each dimension for a total of four wvalues per
card, Lérge squares measured 3.50 cm, small squares 2,00 cm, large
circles 3.55 cm in diameter, and small circles 2,00 cm in diameter.
Figures on two-figure cards were centered on the superior bisector with
1.50 cm the minimum distance between figures. As each stimulus card
displayed representative values from each dimension, therg were 16
possible combinations (see Fig. 1).

Procedure. Subjects were tested individually in one of the four

10

conditions as determined from a table of random numbers. Prior to the

test session, each set of stimulus cards was shuffled, and the sets
were arbitrarily ordered. Cards from different sets were never inter-
changed, to minimize the possibility of a subject reaching criterion by
a false hypothesis coupled with a fortuitous sequence of cards. As
there were 16 different cafds, 13 consecutive correct responses was

used as the criterion of having acquired the test concept.
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0| o

Figure 1, Stimulus cards,

11
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Each subject was instructed that he was to solve the problem in the |
minimum number of stimulus exposures, and that the solution consisted
of identifying a combination df two cues. He was shown representatives
of all dimensions and values, and the acquisition phase was not begun
until it was ascertained that the instructions were understood.

Because of the complexity of the problem, it was often necessary to
repeat parts of the standard explanation to ensure comprehension.

The subject was seated across a desk from the experimenter, who
exposed the stimulus cards singly and sequentially by placing them in
a notched holder lying on the desk. Each stimulus card was identified
by the subject as an exemplar ("yes") or a nonexemplar ("no") of the
concept, and the experime;ter replied to each response with "correct"
or "incorrect". Each stimulus was exposed for ;pproximately 10 seconds.

The experiment consisted of two parts: tho acquisition phase and
the test phase. The criterion for both was 13 consecutive correct
responses, On the fourteenth presentation after the first correct
response of the criterion series, the experimenter changed the concept.
There was no break in continuity of presentation when shifts were made,
and the subject was not informed.

Four shifts were employed: simple reversal, complex reversal,
simple nonreversal, and complex nonreversal. The choice of relevant
dimensions and dimensional values for all conditions (acquisition and
test) was determined from a table of random numbers for the problem
under consideration. The measures gf the concept shift were errors
to criterion and trials to criterion. "An error was scored when an

exemplar was identified as a nonexemplar, or when a nonexemplar was
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identified as an exemplar, and both types of error received the same

weight,

Results
The results are depicted in Figure 2, It was found that, in
terms of trials to criterion, the complex reversal was more difficult
than both simple reversal and complex nonreversal, and that the simple
nonreversal was more difficult than both complex nonreversal and
simple reversal. There was no significant difference between the
simple reversal and the complex nonreversal, nor between the simple none
reversal and the complex reversal., Separate analyses were made using
errors to criterion and trials to criterion, and the results for both
techniques were concordant. |
The Emax statistic for homogeneity of wvariance was calculated
(Kirk, 1968, p. 62), and with - (errors) = 5478 and F, .. (trials) =
3.57 (df = 9, k = 4), it was concluded that the variances were homo-
geneous (p >.05). A two (reversal/nonreversal) by two (simple/complex)
factorial analysis of variance was then computed for both measures
(Table III)., For the error measure, there was no signifiéant difference
between reversal and nonreversal shifts, nor between simple and complex

shifts. There was, however, a significant interaction effect with

'F"Shift x difficulty = 9.29 (_d_f_ = 1/36’ 2< .005)0 Similar results
were obtained using trials to criterion as the measure of the subject's
ability to shift (see Table III).

Simple effects were ‘computed and all but Difficulty at Nonreversal

were found to be signmificant at the .05 level or beyond (Table III). In



g
addition, differences between specific groups were evaluated by two-tailed
t tests for the difference of comparisons (df = 36). Significant differences
at the five percent level were obtained between si;bie reversal and complex
reversal, simple reversal and simple nonreversal, complex reversal and
complex nonreversal, and simple nonreversal and complex nonreversal.

The results were consistent for both measures (Table IV).

Despite the random assignment of subjects to acquisition cond=-
itions, it was found that there were acquisition differences for
treatment groups in both Experiment 1 and Experiment 2. To exercise
a posteriori control of these differences (Tables IX, k), the analyses
of variance were adjusted for a single covariate (acquisition errors
for the errors to criterion analysis; acquisition trials for the
trials to criterion analysis). The analyses of covariance, summariged

in Table V, were highly concordant with the analyses of variance,
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15

[}

= === Errors

—30
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I 1
" Reversal 'Nonreversal

Shift

Figure 2, Experiment 1 ~ Shift by Difficulty
Interaction (Errors and Trials)
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Table III
Experiment 1 - Analysis of Variance
Sumary (Errors and Trials)

Source ar 1S E
Total 39 28,328 -
X 238.400 -
Shift (S) 1 625 .03
i 16,900 .08
S at Simple 1 125,000 5.14
1 1232.,450 6.18
S at Complex 1 101.250 4.17
1 858,050 4,35
Difficulty (D) 1 4,225 17
1 22,500 i1
D at Reversal 1 145,800 6,00
1 1264.050 6.33
D at Nonreversal 1 84,050 3,46
1 832,050  4gt7
SxD i 225,625 9,29
1 2073.600 10,33
Error 36 24,289 -
36 199,572 -

Note.- Italics denote trials to criterion.

B¢

ns
ns

«05
.025

«05
.05

ns

- ns

.025
.025

.10

0

«005
.005



Table IV
Experiment 1 -
1 Tests for Differences of Comparisons

(Errors and Trials)

St AP & e pel
CR - SR 2.4 - .05
2,52 .05
SN - SR 2.27 .05
2,49 .05
CR - CN 2.04 .05
2,08 .05
SN - CN 1.86 .10
2.05 .0
CN - SR A ns
ol ns

CR - SN 018 ns -
: 0_0_2 ns

Note.« Italics denote trials to criterion.
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Table V
Experiment 1 - Analysis of Cov'arianco'

Sumary (Errors and Trials)

Source daf . MS F o]
Total 38 28,594 - -
38 2u.B2b - -
Shift (S) 1 u0621 019 ns
1 16.723 .08 ns
Difficulty (D) ' 973 Ol ns
1 5.613 93  ns
SxD i 207.188 = 8,30 <01
L 199,875  9.22 | %005
Error 35 24,967 = - -
35 204,775 @ - -

Note.= Italics denote trials to criterion.
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3. Experiment 2

As the procedure employed in Experiment. 1 involved considerable
interaction between the oiporimentor and subjects, it was felt that a
control for experimenter bias should be incorporated into the rep-
lication to be described in Experiment 2,

Method

Subjects. Forty-eight male officers and non-commissioned officers
of the Canadian Armed Forces served as volunteer subjects. Their ages
ranged from 21 to 47 years, with an average of 38 years.

Procedure, The procedure was %imilar to that of Experiment 1,
with the addition of an experimenter factor to the design. To examine
the possibility of experimenter bias, three experimenters, two of whonm
were unaware of the purpose of the study, were employed. Each
experimenter tested four subjects from each of the four conditions.
Subjects were assigned to experimenters from a table of random numbers.

All stimulus materials were identical to those of Experiment 1.

Results

The results were highly'similar to those of Experiment i (Fig.3).
In addition, there was no evidence of experimenter bias.

A two (shift) by two (complexity) by three (experimenter)
factorial analysis of variance was calculated for both errors and
trials to criterion. As for Experiment 1, the only significant effect

(exclusive of simple effects) was the shift by difficulty interaction,

with Lmr' = 8.58 and .F-tﬁ.l. = 7.61 (_d_! = 1/36' 2‘ 001)0 Sillplo
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effects (Table VI) also confirmed the results of Exporhon; 1, as did

the analyses of covariance (Table VIII).
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Figure 3. Experiment 2 - Shift by Difficulty
| Interaction (Errors and Trials)
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Mean trials



Table VI
- Experiment 2 - Analysis of Variance
Summary (Errors and Trials)

Source af Ms E B<
Total | 47 51,638 i -
74 191.213 - -
Experimenter (E) 2 19.313 «39 ns
2 43,938 022 ns
Shift (S) 1 21,333 Ul ns
1 30,083 ol ns
S at Simple i 126,042 257 ns
L 925.%5 k96 .05
S at Complex 1 315,375 6.44 «025
i 551,041 2,80 ns
Difficulty (D) i 18,750 38 ns
i 4,083 .02 ns
D at Reversal : ¢ 308,167 6.29 <025
1 B828.375 B2l L0
D at Nonreversal 1 130,667 2,67 ns
1 672,08 342 .10
ExS 2 1.021 .02 ns
2 12,274 .06 ns
ExD 2 15.438 32 ns
2 P70 .30 ns
SxD 1 420,083 8.58 .01
1 1496,33 7,61 .01
ExSxD 2 66,147 1.35 ns
& 22.021 oﬂ n
Error 36 48,972 - "

Note.,- Italics denote trials to criterion,



Table VII
Experiment 2 -
1 Tests for Differences of Comparisons
(Errors and Trials)

Shift t B<
CR - SR 2.52 .05

2,06 .05

SN - SR 1.61 ns
2,24 .0

CR - CN 2.5“ - 005

i.27 ns

SN -« CN i 1.65 ns

1.8 | .10

SR « CN .03 ns

° 8 ns

) ol ns

Note.= The shift ]is‘tod first was the
more difficult:. Italics denote trials
to crlterioix. All tests are two-talled

(Q£ = 36).



Experiment 2 = Analysis of Covariance

Summary (Errors and Trials)

Source

Total

Experimenter (E) o

Shift (S)

Difficulty (D)

ExS

ExD

SxD

ExSxD

Error

Table VIII

|&
&5

55.798
73.805

35 50,091
3B 199.997

o™ e o o e e o ﬁg
=S
&
L
W
W
o

I3

.25
.28

A2

27

Note.- Italics denote trials to criterion.

\
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4, Discussion

Kendler & Kendler (1962) Theory

The finding that a simple reversal was more readily performed than
a complex reversal is concordant with the Kendler & Kendler (1962) pre=
theoretical model with the assumption of equal weights for dimensional
and overt choice responses. While the simple reversal requires one
choice shift and no dimensional shifts (Table II) for a weight of one,
the complex reversal requires two choice shifts for a weight of two.
The results support the prediction that difficulty of shift is a function
of the number of new associations to be learned. The finding that a
complex nonreversal was easier than a simple nonreversal is not readily
explicable in these terms. A complex nonreversal requires two choice and
two dimensional shifts for a weight of four, cdmpared to the single
choice and dimensional shifts (ﬁaight of two) for the simple nonrev-
ersal., The results are not compatible with the theory, which predict;
that the Simplo nonreversal should be more readily performed than the
complex nonreversal., A final consideration is that the theory predicts
that the complex reversal and sinpio nonreversal should be equally
difficult with two shiftsAeach. The prediction is not disconfirmed by
the results, which indicate that there was no significant difference
between the two groups (Tablos.IV, VII).

The Kendler & Kendler (1962) theory clearly predicts that a reversal
shift should be easier than a nonreversal shift. Tho prediction is not
supported by the present results, which indicate that there was no
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significant difference between reversal and nonreversal shifts (Tables
Iv, VII).

It must then be concluded that the Kendler & Kendler (1962) pre-
theoretical model must be modified before it can account for the present
results, Such modification would probably take the form of differential
weighting of dimensional and overt choice responées to the stimulus
situation. This conclusion was predicted by Mackintosh (1965, p. 144),

Zeaman & House (1963) Theor

An examination of the results in terms of the Zeaman & House (1963)
attention theory can best be accomplished by considering the general
aspects of the theory without entering the mathematical model for the
strength of analysers. In this theory, 0y is an observing response to
a dimension (cévert dimensional response), Ry an instrumental response
(overt choice response) to the rewarded within-dimension value, and
Ri' an instrumental response to the unrewarded within-dimension value,
POi and PRy denote the probability of occurrence of 0; and Ry, and
numerical subscripts indicate the dimension. It is assumed that all
O4s and Rys are learned at criterion.

In this theory, a constant of proportionality is employed to give
differential weighting to Rys and Oss. This is similar to the mod-
ification proposed for the Kendler & Kendler (1962) theory. Basically,
if a nonreinforced instance followa the shift, the PRys and PO;s
undergo decrements proportional to their magnitudes (Zeaman & House,
1963, p. 170). Also, if 04 and O, iaro positive for the acquisition
set, P03 and PO, would gain increments equal to those lost by 04

and Oy, and any loss in PRy and PR, would be accompanied by



corresponding increases in PRy' and PR2' (p. 170-171), as the
probabilities are complementary.

The Zeaman & House (1963) theory would appear capable of oxplaining
a variety of results, mainly because of the flexibility supplied by the
constant of proportionality. By manipulating the relative importance
of the dimensional and value responses, most experimentai results
should be explicable.

Reversal Shifts., For the reversal shifts employed in the present

study, the positive Oijs remained constant across the shift; only the Rys
were altereds In the case of the complex reversal, if Ry‘' and Rp'
replaced Ry and Ry as positive within-dimension responses, the first
instance identified as positive from the training concept (for example:
01, 02, Ry and Rp) was nonreinforced, leading to decrements in
POy, POz, PRy, and PR2, and to corresponding increments in P03, POy,
PRy and PRy's Since all responses involving 03 or Oy were unrewarded,
POy and PO, would remain relatively high. Similarly, all acquisition
concept responses would give increased PRy and PR,", the complex
reversal shift to be learned.

For the simple reversal, if Ry remained positive from acquisition
to test phase and Rp' replaced Ry as positive in the new concept, the
~ first instance identified from the acquisition concept would be unre-
warded, leading to decrements in POy, POy, PRy and PRy, and to
corresponding increments in PO3, POy, PRy * and PRy, As for the
complex reversal shift, POy and POz would remain high, but unrewarded
responses Ry and Ry would lead to decrements in PRy and PRy, and to
increments in PRy ' and PR,‘s ‘As R2° would be rewarded and Ry* would



28
not, considerable false reinforcement would be introduced to the new=-
learning task. For example, responding to Rp' (the new positive
within-dimension response) could lead to either reinforcement or non=
reinforcement, depending oﬁ the Ry with which R' was paired.

It would thus appear that the Zeaman & House (1963) theory would
predict that the complex reversal is less difficult than the simple
reversal, but this prediction is not substantiated by the results,
which show that the simple reversal was clearly the easier shift,

Nonreversal Shifts. The superiority of the complex nonreversal

over the simple nonreversal can be explained by the attention theory.
For the complex nonreversal, the acquisition responses (for example:
04, 05y Ry and RZ) must be replaced by O3, Oy, R3 and Ry. Since all
positive responses based on the acquisition concept would lead to
- decrements in POy, POy, PRy and PRy; the probabilities of the new
observing responses would overcome the increase of the choice
responses. It should b; noted that dominance of the Ojys over the Rys
is a necessary assumption (Zeaman & House, 1963, p. 166).

The simple nonreversal involves the learning of one O; and one
Ryy with one O; and one Ry rémaining constant across the shift., If
0y and Ry remain positive, and 03 and R3 must be learned, a res=-
ponse on the basis of the acquisition concept (01, 05, Ry and Rz)

1
PR,', when, in fact, O, Rﬁ’ R3' ard Ry,* are irrelevant, This

would give an increase in P03, PO,, PR, *, PRZ.f PR3, PR, PR3' and

response would also give & decrement in the relevant Oy and Ry.
Since the simple nonreversal permits such shift-impeding false

reinforcement, it would be predicted that a complex nonreversal would
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be less difficult than a simple nonreversal. This prediction is in
accordance with the results of the present study.

Multiple-Look Model., This interpretation is based on the One-

Look Model (House & Zeaman, 1963) of the Zeaman & House (1963)
attention theory. It should be noted that the Multiple-Look Model
(House & Zeaman, 1963) might appear to be more directly applicable to
complex concept learning because it postuiatos three O;s for the two
relevant dimension problem - one to each relevant dimension and a
third to a composite dimension composed of both relevant dimensions.

If the acquisition concept consists of 04, 02, Ry and Ryy the
Multiple-Look Model supposes a third Oy, to the composite dimension
(1+2), designated O(1+2)° The first negative instance following
the shift causes decrements in P0(1+2), POy, POZ, PRy and PRy, For
the complex nonreversal, the Oj and Ry decrements favour learning.
Thus, P0(3+4) will increase and onl§ the correct responses R3 and Ry
remain to be learned. In comparison, the simple nonreversal is
followed by decrements in P0(1+2), POl, P02 and attendant PRis.
As PO(1+2) decreases, PO(44),) increases. This is not in accordance
with the concept to be learned, and the solution of the simple non-
reversal shift is impeded. It can similarly be seen that a complex
reversal would be less difficult than a simple reversal.

The difficulty of r;conciling the Zeaman & House (1963) and
Kendler & Kendler (1962) predictions with the results of the present
study arises because the theories cannot account for the finding that

the simple form of one shift (reversal) and the complex form of the
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other shift (nonreversal) are easier. It would appear that, to explain
the inconsonant results of this study, two distinct theories would be
required., _

Although the foousihasbboon on the complexity of shift aspect of
the problem, an examination of the adequacy of the theories to account
for the finding that there was no significant difference between
reversal and nonreversal shifts is useful. On the basis of the
assumption of equal weights, the Kendler & Kendler (1962) theory
predicts that the reversal shift will be easier than the nonreversal
because, for the present study, three new associations were required
for the reversal compared to six for the nonreversal (Table II). The
addition of differential weighting for dimensional and overt choice
responses Would give a prediction consistent with the results only if
no weight were assigned to the dimensional responses, This is not
in accordance with a two-process approach.

The Zeaman & House (1963) theory does not predict the difficulty
of reversal and nonreversal shifts, as the relative difficulty hinges
on the change in probability associated with the Oys and Rys. It would,
however, appear unlikely that the experimental results would be pre-
dicted because of the necessity of assigning a very small weight to
the Oys of the nonreversal shift.

It must be concluded that the results of the present study are
not consistent with the prédicfions of the Kendler & Kendler (1962)
and Zeaman & House (1963) theories, as to ease of shift or relative
difficulty of simple and complex shifts. The problem arises not from
the difficulty of predicting that a simple shift would be easier than
a complox‘shift, but from the finding that for reversal shifts the
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simple form was easier than the complex, and that for nonreversal
shifts the complex form was easier. As indicated by Mackintosh (1965,
p. 144), the independent manipulation of response weightings can be
used to account for the superiority of either complex or simple
shifts; however, the present results indicate that manipulation is
not sufficient to account for complex concept learning shifts.,

It appears that the ineffectiveness of the Kendler & Kendler (1962)
mediation theory lies in its lack of specificity. The assumption of
equal weights has been shown to be inadequate, and there is no post=
ulation to direct atteﬁpts to differentially weight the responses. In
this respect, the title "pretheoretical™ seems appropriate, but the
model is of little use in the consideration of more complex concept
learning than that encountered in the common reversal-nonreversal
paradignm,

The Zeaman & Housé (1963) attention theory seems more suited to
explaining the results of the complex shift paradigms, particularly if
the Multiple-Look Model is used. This model, because of its attention
to composite dimension component, would seem suited to an explanation
of the complex concept learning considered in this study. Closer
examination, however, reveals that it cannot account for the results
obtained,

The obvious conclusion 15 that the lack of provision for the
independent consideration of the two relevant dimensions encountered
is the source of the problem. This is a natural consequence of the
evolation of the theories, which resulted largely from work with

simple paradigms. Before a theory can successfully account for
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complex paradigms, it must be made more flexible by permitting the
independent consideration of relevant dimensions and overt choice
responses, It does not seem unreasonable to hypothesise that a
subject who has learned with some degree of certainty that 04 and
0, make up the concept will revert to some previous level of learnihg
where he was certain about 04 and uncertain about O, when faced with
disconfirmation of his Oy = 02 hypothesis,

-To be comprehensive, a theory should incorporate both hierarchical
sequential and simultaneous considgration of Oys8 and Rys. In typical
hypothesis evaluation, the subject might initially invest one 0y (for
example O4) with considerable weight, and a second 03 (02) with less
weight. Nonreinforcement of the concept would lead to decrements in
both O4s, but the decrement would be proportionally larger for 0o
than for Oy, resulting in an earlier removal fronm dominance of 02
and its replacement with a new 0y (03 or Oy). The subject might then
pair all other O3s with 0Oy before 04 was removed from dominance.
Reinforcement of the concept would build POy and PO,, but the
increment would be proportionally larger for Oy, and eventnally the
probabilities would be equal (as the probabilities approach 1). At
this time, a composite component 0(1+2) wouid become realistic.

A corollary to this study is that it would be unwise to base any
new theory on experimental evidence derived solely from four-dimension,
two relevant dimension paradigms, for such limitation could well lead
to the same problems in generalization as evolved from the use of the
traditional reversal-nonreversal paradigm. Tighe & Tighe (1968) have

successfully employed three and four dimensional values, and the
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addition of multiple values to the present paradigm would probably
be useful. The only limiting consideration is that cognitive strain
increases geometrically with the number of cues to be considered, and

that a balance of complexity and manageability must be achieved.



Table IX
Experiment 1 = Means and Variances for Acquisition

and Test Phases (Errors and Trials to Criterion)

SR CR SN N
X 5,10 4,80 6,40 10.10
ACQUISITION 16.70 13.70 17,90 26,20
s? 8.49 7456 14,64 31,92
6,61 3,20 115,09 115.35
b

X 5,10 10,50 10.10 6.00
TEST 13.80 29,70 29.50 16.60
s2 12,54 39.83 37.88 6.89
99.29 291,79 318,06 89,16

Note.- Italics denote trials to criterion. -



Table X

Experiment 2 - Means and Variances for Acquisition

and Test Phases (Errors and Trials to Criterion)

SR CR
X - 8.67 11.83
ACQUISITION 18.83 21,42
g2 16.16 53.29

36,47 57.23

' X 7433 14,50
TEST 16,58 28.33
82 23.52 84,81

159,72 159,52

Note.~ Italics denote trials to eriterion.
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Table XI

Experiment 1 - Raw Data

SR

18
34
9 -
12
12
22
5
25
14
16

W

W

35
21

11

18
13
31

16

oo

o

W

19
22
10
14

13

11

12

21

15
10

16

FWEFEFFPVDLW EF=0N

10
14

30

12 .

10

19
21

yp.
54

30
16
34
16

4o -

i8

11
38

43

35

41 -

57

" 1S-1L

2R-2B
BO-BSQ
RS-BS
2L-2S
BS-RS
BSQ-BO
BO-BSQ
1S-1L.
LSQ-LO

RO-BSQ

2L-1S
SSQ-1LO

- 10-25Q

RL-BS
BS-RL

25Q-10 -

BSQ-RO
21-1S

- BO=-RSQ

LR-LSQ
S0-15
1B-1L
20-L0,
BL-BO
BO-BL
L0-20
iL-1B
15-50

~ S0-18

36
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oy
S31 8 28 3 3 1R-LSQ
S32 9 1 L 14 2B-LSQ
533 5 13 11 20 RSQ-1L
S3k 8 32 5 10 1R-SSQ
S35 6 23 2 3 15Q-BS
S36 6 31 7 17 BS-15Q
S37 23 50 4 27 SSQ-1R
538 i8 33 6 21 1L-RSQ
S39 12 21 7 19 LSQ-2B
Sko 6 20 8 32 LSQ-1R

Note.~ From left to right: training errors to criterion,
training trials to criterion, test errors to criterion,
test trials to criterion, training-test stimuli (R = red,

B = blue, SQ = square, O = circle).
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523
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S29 |

S30
S31
S32

S33
S3k
S35
S36

Table XII

Experiment 2 - Raw Data

17
20

14

25
12
12

27
20

19
22

19
14

22
13
26

14

17
19

11
14
13
22

30
14
24
12

23

13
19

SR
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17

14

12
35

11

35
10

S

12

23
20

20
b7

L2
L1
20
16

L7
13
19
26

56
13
16

43
17
52
21

1L-1S

B5Q-BO
25Q-20
BO-BSQ

2R-2B
15Q-10
2L=-25
15-1L

2B-2R
LR-LB
SR-SB
RSQ-RO

2B-1R
S0-LSQ

'RSQ-BO
- 1L-28

+ 1R-2B

SR-LB
BO-RSQ
25Q-10

10-25Q
25-1L
LB-SR
LsQ-50

2L-2R
15-15Q

1B-1S
10-1R
15Q-1B
LR-LO
SB-SSQ

L0-2L

RO-1R °

B0-2B
1L-1R

38




Ie

S37 23 Lo " 8 1L-BSQ
= S39 11 20 16 3% 1R-LO
sS40 L 8 5 14 1B-15Q
Sk 9 13 2 9 . 10-SB
E2 S42 6 10 9 U 15Q-LB
- S43 7 20 8 16 SR-10
Sily 14 28 14 33 SB-10
S45 18 26 8 16 S0-2R
E3 Ské 8 30 3 10 LSQ-2R
S47 7 . A 10 27 BO-1L
S48 13 19 5 15 - BSQ-1L

Note.- From left to right: training errors to criterion,
training trials to criterion, test errors to criterion,
test trials to criterion, training-test stimuli (R = red,

B = blue, SQ = square, O = circle).
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