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. SCOPE AND CONTENTS:

When Ss on a card-sorting task were required to
make a rapld sorting response prior to stating their rule
on each trial, actual frequencies of correct classifica-
tion were found to be significantly higher than the
frequencies predicted from the Ss' trial-by-trial rules.
These disparities were observed even though virtually
every placement was consistent with the rule given on the
same trial. No disparities were found when Ss stated
their rule prior to placing each card.

The observed disparities indicate that the stated
rules were insufficient to describe all of the stimulus
cues used in determining the placements made. They also
suggest that verbal rules do not necessarily control
above-chance sorting performance unless the experimental
conditions encourage verbal control over responding.
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CHAPTER ONE .

A common paradigm for investigating concept-
identification is a card-sorting task in which the S is
required to categorize a series of stimulus cards according
to a classification rule which is unknown to him. If he is
informed whether his placement on each trial is correct, he
can attempt to induce the correct rule through a series of

trial-and-error sorting trials. By also requiring him to

I reason

Q

state, on each trial, a potentially-workable rule
for placing the item, we may then ask about the relation
between these. verbally-stated rules and his actual sorting
jperformancee More specifically, we may enquire whether the
trial-by-trial rules he reports completely control his
-sorting responses; and under what conditions this verbél
control of placements on a classification task could be

assessed,

This paper will be restricted to a considerati?h of

complete werbal control. A S will be said to exert complete

verbal control over his placement when his stated rule is

formulated independently of the stimulus to be sorted, and

completely specifies which aspects of the stimulus he will

use in placing the card. There will be no attempt in this
paper to decide whether stated rules play any less extensive

role in the determination of sorting responses; as would be



the case 1f the particular card to be sorted influenceé
which rule the S used on a given trial. |

A major problem is to determine when the criterial
conditions for this definition of complete wverbal control
" have been satisfied. Two types of evidence are available
which can be brought to bear on.this probiem: (1)
inconsistency between rule and placement on a given trial,
and (2) discrepancy between the observed number of coriect
placements and the number predicted from the stated rules.

1. One could determine whether the placement made
on a given trial was the one which would be predicted froﬁ
the rule verbalized on the same trial. If the S contra-
.~-dicted himself by placing the card in one catggory when the
application of his stated rule would have placed the stimulus
in another, it would be clear that he had not exerted
complete verbal control over his sorting response. That is,
inconsistency of rule and placement on a given trial would
" clearly imply that the stated rule had not specified the
~stimulus cues actually used in sorting the card.

2, One could determine,'for each trial, the a .
priori probability that the rule would result in a correct
placements; that is, the probability that the rule wouid
correctly sort a randomly-selected stimulus item. If a
similar probability estimate were computed for the rule
given on each trial, the average of these rule-derived

probabilities of correct placement over all trials should



| predict the number of correct classifications the S
actually made, For example, if a S, on each of the first
twenty trials, stated rules which had a ,50 probability of
leading to correct placement, then it is unlikely that he
could make twenty correct sorting responses using only the
cues specified in his verbal rules. If Ee 4id make a
significantly greater number of correct placements than
would be predicted by the rule-derived probabilities, one
would suspect that cues othexr than those listed in his

stated rules had been used. That is, the rules given by

the S could be said to be descriptively incomplete, in the
sense that they did not déscribe all of the stimulus cﬁes
.=.used in determining placements on the sorting task. This
evidence for descriptive incompleteness would imply that on
at least some trials, the § had utilized some verbally
unspecified portion of the stimulus itself to either place
the card, or select the rule to be used. In either casé,
all placements on the sorting task would not have been
determined solely on the basis of rules which were selected

independently of the stimulus items.

Both lines of evidence discussed thus far are

extremely informative in the negative form in which they

have been presented, That 1is, both inconsistency of rule

and placement, and discrepancies between actual and

predicted frequencies of correct placement (i.e. evidence

for descriptive incompleteness) clearly imply that Ss on a



sorting task have not exerted complete wverbal control in
classifying the cards. But what of the positive case? Can
one infer that complete verbal control has been asserted if
- placements are consistent with the stated rules, and if
rule-derived probabilities of correct placement do predict
actual frequenciesvof correct classification? In resolving
this question, two experimental paradigms will be discussed:

l. Placement~First, PF: If Ss were not required to

state their rule until after both viewing and placing each

. stimulus item, observed consistency of rule and placement
could be attributed to any one of three sources: (a) The S
could have asserted complete verbal control over his

-. sorting response. (b) He may have utilized some portion of
the stimulus itself to select the rule to be used in

A classifying the card. . (c) He could have merely rationalized
his rule ad hoc to fit a placement he had already decided
on, Since alternatives (b) and (c¢) violate the criterion of
rule independence, consistency of rule and placement would
not provide decisive evidence for verbal control on the part
of a PF S, ©Similarly, the faillure of a PF group to show
significant disparities between observed and predicted -
frequencies of correct placement would also fail to provide
strong support for the notion that these Ss had exerted
complete verbal control over their sorting responses. The
absence of such disparities would indicate nothing more

restrictive than that the verbalized rules adequately



described all of the stimulus cues used which could account
for above-chance sorting perfofmance.

It is important to note that, for a PF group,
consistency of rule and placement would not necessarily
imply the absence of discrepancies between actual and
predicted co;rect placements. For . example, if a § looked
at a card, decided on a placement, and then formulated his
rule; this rule could easily predict the same placement
that he had decided on (i.e. be consistent with his
placement) without listing the aspects of the stimulus
which actually determined this sorting response. In this

case, the stated rule might predict a radically different

f
i

‘~Tprobability of correct classification than would the
stimulus cues actually used in making the placement.

2. Rule-First, RF: Now let us assume that the S

is required to state his rule for response selecéion before
seeing the stimulus to be sorted on a given trial. If his
rule is exhaustive and unambiguous, and if he classifies
the card according to this rule, his sorting response will

solely determined by those stimulus cues described in

o
o]

his verbal statement., That is, his independently~seiected
rule will completely specify which aspects of the stimulus
he will use to determine his placement on that trial.
Subjects exerting complete verbal ,control in this

manner would be expected to make few, if any, placements

which were inconsistent with their stated rules. Unlike



the case for the PF group, however, this rule-placement
consistency could not arise from post hoc rationalizing of
the stated rules, Even so, on the basis of observed rule-
placement. consistency alone, we could not say for certain
that a RF S had exerted yerbal control over his sorting
responses. Even though the $§ did state his rule on each
trial in advance of seeing the stimulus, there is always
the possibility that he changed his rule after viewingithe
card to be sorted, That is, the stated rule may have been
replaced by a rule which was suggested by. the stimulus
itself, and which resulted in a placement consistent with
the S's verbal statement,' If the S switched rules
_~-repeatedly over a long sequence of trials, however, it
would seem unlikely (though not impossible) that his place-
ments would always be consistent with his stated rules. 1In
other words, frequent rulé-switching on the part of the S
might be reflected in oObserved inconsistencies between the
rules stated and the placements made on the sorting task.
For a rule-first group, then, consistency of rule
and placement over a series of trials could provide strongly
suggestive, but not conclusive, evidence for verbal control.
Moreover, since the rules stated by these Ss are stimulus
independent, consistency of rule and placement would igply
" the absence of digparitilies between actual and predicted
correct placements, That is, it would be impossible for

the rules stated by RF Ss to be descriptively incomplete if



these Ss made placements which were consistent with their
independent ly-selected rules,

In summary, conclusive evidence that Ss on a
classification task have asserted complete verbal contfol
over their sorting responses is extremely difficult to,
‘obtain using the measures available, These measures QQ,

i
however, provide clear evidence for the lack of comple%e
verbal control by Ss on a sorting task. Thus, one approach
towards the establishment of acceptable evidence for verbal
control would be to employ a series of independent variables
which might be expected to increase the likelihood of

K

complete verbal control occurring, and then look for

" _..decreases in the available indices for lack of complete

verbal control,

One such independent variable could be the require-
ment of having the $ state his rule prior to seeing the
stimulus to be sorted on each trial. That is, a rule-first
(RF) procedure could be employed. If this procedure did in
fact increase verbal control over responding, RF Ss would
be expected to show few rule~-placement inconsistenciles; and
few, if any, discrepancies between actual and predicted
correct placements on the sorting task. Moreover, if
-placemgnt—first (PF) Ss consistently produced significantly
higher rates of both types of rule—glacement disparity, it
would seem tempting to conclude that these Ss had exerted

less verbal control over theilr sorting responses than had



the RF group. The wvalidity of this interpretation would
be substantially increased if we could be assured that the
RF Ss had not switched rules upon viewing the stimulus
cards, This problem was discussed earlier; and in the
second experiment to be reported, conditions were arranged
such that the probability of rule-switching by RF Ss was
minimized,

In the main, the evidence presented in the
experiments to be reported has a primarily negative cast.
That 1s, the prime objectives of the present research were
to identify and explore situations in which the verbal rules
given by a 8 d4id not appiy, were not acted on, or were
. generally not sufficient to describe all of the stimulus
cues used on a classificatlion task. In other words, these
experiments sought to investigate some of the conditions
under which stimulus cues'that‘were used on a card-sorting

task were not incorporated into verbalized rules,



CHAPTER TWO
HISTORICAL DISCUSSION

Many researchers investigating thefrelationshié
between wverbal rules and overt behavior heve'asserted that
above-chance performance on a classification task is not
necessarily controlled by verbal rules or hypotheses.» A
brief review of some of the relevant experiments will
reveal that these claims for better-than-chance performance
in the absence of verbal control haye generally been made
on insufficient grounds.

It has been claimed, for exemple, that when
reinforcement is contingent on conformance to a general
principle, Ss may show progressive improvement without
being able to verbalize_this principle (Postman and
Sassenrath, 1961), Leeper (1951) has stated that Ss often
develop the ability to name instances of a reinforced
response class without being able to say how they do it,

even when the necessary formulations lie well within th

®

limits of their vocabularies. Some of the ecarliest evidence
that Ss cannot always describe the properties they use to
classify materials was found in a classic study by Hull
(1920). Using a paired-associates task, Hull asked Ss to

anticipate the nonsense syllable paired with the stimulus
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(a Chinese symbol) on each presentation., After completion
of the sorting trials, the Ss were requested t§ state the
general rule by which they could correctly match each
stimulus with the appropriate nonsense syllable. Hull
noted that Ss could usually state what'syllable was pa;red
with a given symbol before they could explain the rule for
classifyving the symbol; and he concluded that the ability
to state a conceptual rule required greater abstracting
facility than the ability to recognize instances of thé
concept ,

Hull's data were consistent with later findings,
which have bheen interprefed as implying that the "“capacity
.. to ﬁollow yvet unformulated rules" (Hayek, 1963) muét
involve the use of discriminative cues which mediate the
selection of correct or reinforced responses in the
experimental situation, ASupport for this interpretation
has also been found by Sturges (1964), who employed a
discrimination test in a wverbal conditioning task to reveal
that even those Ss who were unable to verbalize the
reinforced response class had nevertheless acquired
discriminative cues enabling them to identify members of
this class.

Another verbal conditioning study whose results
have significance for concept-identification situations was
performed by Dixon and Oakes (1965). These investigators

reasoned that 1f mediating cognitive responses werxre
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essential to performance gains in concept-attainment tasks,
inhibiting the use of these hypotheses should hinder concept
identification, They found, however, that intertrial
activity (color-naming) in a verbal conditioning situation
interfered with the "awareness"-conditioning relationsbip,
but not with conditioning per se. That is, the interpolated
task decreased the Ss' ability to verbalize response-
reinforcement contingencies, but did not retard the acguisgi-
tion of correct responses below the level acgquired by §§
having no intertrial activity. Dixon,and-Oakes’interp;eted
these results as suggesting a strengthening effect of the
reinforcement not mediatéd by cognitive processes. In both
..this and the Sturges experiment, however, the Ss' "awareness"
of ekperimental contingenc;es was assessed only after the
conditioning trials had been terminated,

Manis and Barnes (1961) have also claimed that Ss
on a categorization task can produce above-chance sorting
performance even though they are not always able to verbally
describe the criterial features by which the stimuli can be
correctly classified. These investigators asked Ss to
"gquess" whether each of a series of airplane insignia were
from "friendly" or "enemy" planes. Subjects who learned the
discrimination, but could not verbalize the basis for their
responses, were tested for generalization using stimuli that
were conceptually related to those of the learning series,

The amount of generalization shown by these Ss exceeded
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both chance performance and the level of performance.tﬁat
would have resulted ifAthey had consistently followed their
respective statements of the principle of discrimination,
Noting that Ss with insight showed more mediated general-
ization than those without insight,.the authors concluded
that although wverbal mediators apparently play a signifi-
cant role in determining the magnitude of the effect, "it
is clear that mediated generalization can occur in the
absence of verbal insight.*®

Like.many other investigators using sorting
procedures, howewer, Manis and Barnes failed to take into
account abhove-~chance perférmance resulting from the usé of
_-.rules which were positively correlated with the corfect
claséification rule (Adams, 1957). Did the above-chance
sorting performance on related materials by Ss unable to
verbalize the principlé of discrimination arise from the
parallel bﬁt independent conditioning of correct classiti-
cationsg and correct verbal descriptions? Or was this
better-than-chance performance mediated by imperfectly-
correlated rules which were not assessed by the experi-
menters? Since the authors cannot distinguish between
these alternatives with the evidence presented, this study
provides an inadequate basis for rejecting notions of
verbal mediation,

Despite claims to the contrary, the other investi-

gations cited also say very little about the relationship
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- of observed performance to the verbal rules which may have
controlled this behavior. In most ©f these studies, above-
chance performance by Ss failing to verbalize the correct

or reinforced response class as defined by the E have been
offered as the sole evidence for learning without "awareness."
Cognitive investigators have been quick to assert that this
failure to elicit the Ss' knowledge of experimental contin-
gencies has often resulted merely from inadequate or
insufficient questioning on the ‘part of the E (Levin, 1961;
Spielberger, 1965; Spielberger and DeNike, 1962, 1966).

Even when a sufficient number of probing questions b@yé been

asked, rule-statements have typically been obtained only

..after a lengthy extinction process -- a procedure excellently

suitéd to the disconfirmation of any hypotheses the Ss might
have had during the trials (Dulany, 1962). In short, none
of the investigations cited provide the reader with any
assurance that there were no verbal mediators which may have
escaped the experimenters, Finally, in cases where the
correct response class has been verbalized by the Sg, the

verbal statements were often obtained after some arbitrary

W

criterion had been reached, or subsequent to a lengthy and
probing questionnaire. Rule-statements elicited under these
conditions say little about the actual rules used earlier in
the trials, during acquisition.

In an attempt to overcome some of these short-

comings, a few investigators have recently employed a trial-
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-by-trial accounting of the rules used by Ss on a classifi-
cation task. Verplanck (1962), for-example, used such a
procedure for investigating the notion that reinforcement
may act independently on placements in a sorting task, and
on the trial-by-trial rules which some cognitiveﬂtheorists
presume coﬂtrol these. responses, Testing this hypothesis,
Verplanck performed a series of card-sorting experiments in
which he purported to separate or "dissociate" Ss' verbal
rules from their overt placements on a partial (60 per cent)
schedule after acquisition under continuous reinforcement.
When reinforcement was contingent on placement, Verplahck
found a higher percentage of correct classifications than
.~.would be predicted from the Ss' trial-by-trial rule-
statementse The data also shewed that many of the correct
rlacements made were inconsistent with the rule given on
the same trial., That is, Ss had apparently contradicted
themselves by placing a card in one category after stating
that they would place it in another. Verplanck concluded
that the selective reinforcement of correct placements had

d these sorti he Ss' trial-hy-

dissociat 1g responses from t Ss
trial rules, and had strengthened these overt placements to
the degree that Ss failed to carry out their intentions.

He further concluded that verbal rules do not necessarily
mediate above-chance sorting performance: but added thet
unless reinforcement of the Ss' rules is experimentally

distinguished from that of placements, the correct rule will



"ltake over'® as soon as it occurs, and will obscure the
gradual development of a discrimination" (Verplanck, l962).
Verplanck's results and interpretations were

‘challenged by Dulany and O'Connell (1963), who replicated
his findings but attributed the apparent dissociation to a
combination of task and statlstical artifacts. Nearly one=-
half of the stimuli used by Verplanck were ambiguocus in

that they could be sorted according to the correct classifi-
cation rule in more than one way -~ depending on how the S
"interpreted"” these items. Thus, many of the obserwved rule-
placement inconsistencies simply reflected differences
between the E's and the ég' subjective evaluations of these
... ambiguous stimulli. Moreover, in estimating prgdicted
frequencies of correct classification, Verplanck failed to
take into account the chance level of correct placement
resulting from the use of rules which were uncorrelatéd
with the correct rule., When these shortcomings were recti-
fied, the divergence of observed correct sorting responses
from the number predicted from the rules offered was claimed
to be nonsignificant.

This failure of Ss to produce significant disvari-
ties between observed and predicted frequenhcies of correct
placement on a sorting task has been offered by Dulany and
O'Connell (1963) and other cognitive theorists as evidence
that Ss assert "verbal control" in these situations.l

Dulany (1962) has proposed a theory of mediational control
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which predicts no "dissociation” of rules and placements
under conditions of differential reinforcement. He
asserts that Ss on a sorting task will adopt a hypothesis-
testing strategy (which fulfills our definition of verbal
control) even though they‘ére not required to overtly stéte
their rule on each trial prior to seeing the stimulus to be
classified. Thug, states Dulany, the stimulus cues used to
determine the placement of a given card will be selected .
solely by a hypothesis held or revised just prior to tﬁe
trial on which the card is presented. |
Dulany and O'Connell (1963) make several prediétions
concerning the performanée that will result from this
-, mediational éontrol on a sorting task. (1) Rule and place-
ment will be consistent on virtually every trial. If the 8
is testing hypotheses, he will not make placements which are
inconsistent with the hypotheses he is testing., (2)
Observed sorting performance will be adequately described by
!

the trial-by-trial hypotheses that are tested and verbalized

by the S. In other words, Dulany and O'Connell assume{that

1 Dulany (1962) uses the term "verbal control" to
"summarize the set of theoretical propositions relating
response selection to hypotheses.," His interpretation of
verbal control is broader than the restricted definition set
forth earlier in this paper, but his interpretation appar-
ently satisfies the criteria of the present definition. In
the interests of clarity, however, this paper will use
"mediational control" or "hypothesis-testing strategy" in
lieu of "verbal control" when the reference is to Dulany's
interpretation of the term. :
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"all states of knowledge which are effective in determining
responses.in the experimental situation will be reflectéd
in the verbal formulations offered during the trials.
According to this view, wverbal hypotheses are not only
crucial mediators of placements on a classification task:
they are also sufficient to describe all aspects of the
stimull used in sorting the cards. In short, ﬁulany
prediéts that the rules stated on a sorting task will be
descriptively complete,

A review of the relevant experiments will rewveal
that Dulany and O'Connell's affirmation of mediational
control on classification tasks, like the earlier denials
-.0f verbal mediation, i1s not warranted by the evidence cited.
In their discussions of mediational control, these cognitive
investigators have made nb attempt to either logically’br

- empirically distinguish the postulated controlling function

of stated rules from the often~assumed descriptive

completeness of these verbal statements. Accordingly, the

forms of evidence needed to support these conceptual
variables have been confounded in their investigations bf
rule-~governed behavior.

In replicating'Verplanck's main experiment, Dulany
and O'Connell (1963) offered two lines of evidence in
support of the interpretation that Ss had employed a
hypothesis-testing strategy for sorting the cards, (1) On

each trial, placement was consistent with the stated rule.



That 1s, Ss did not blatantly contradict themselves by
placing a card in one category after stating that they
intended to place it in another. (2) There were no
significant disparities between observed frequencies of
correct classification and the frequencies that would be
predicted from the rules offered by the Ss over the same
sequence of trials, More recently, O‘Connell_(1965) has
again reported no significant differences between observed
and predicted correct placements in a card-sorting
situation under 60 per cent and 100 per cent reinforcement
conditions., Similarly, Schwartz (1966) has found intra-
class correlations ranging from .883 to .969 between
-.observed correct placements and the number predicted from
trial-by-trial rules. Al; of these data were interpreFed
as being in accord with the assertion made by Eriksen and
Doroz (1963) that while "a certain proportion of Ss wiil
learn and use a correlated extraneous cue as a gulde for
their behavior . « . this learning . . . occurs only among
Ss who are able to verbalize clearly the nature of the cue."

It may well be that mediational control provides an
adequate description of events For certain experimental,
situations, but the data which these cognitive theorisps
offer in support of their interpretations remain inconalu—
sive in at least four respects:

l, Trial-by-trial consistency of rule and placement

does not necessarily imply that the verbal description
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-actually controlled the S's classification response, This
is especially true in cases where the S has not been
required to select his rules independently of the stimulus
items. Under thése conditions, rule-placement consistency
would also be expected when the S either (a) utilized some
feature of the stimulus to select the rule to be used: or
(b) formulated a rule ad hoc to fit a placemept he had
already decided on, If we found that a S consistently gave
rules which corréctly sorted thé stimulus confronting him
but which faliled to sort other stimuli correctly, we would
suspect that the rules were made up merely to f£it the éase

== that "rationalizing, ﬁot reasoning (was) the appropriate
~.term" (Verplanck, 1962). The assumption that Ss have used
a hypothesis-testing strategy is consonant with observed
consistency of rule and placemenﬁ on a sorting task.
‘However, this assumption is not strongly supported by rule-
placement consistency when Ss have not been required to
select their rules independently of the stimulus items, as
was apparently the case in Dulany and O'Connell's (1963)
experiment,

2. The failure of Ss to produce significant
disparities between observed and predicted frequencies of
correct placement on a classification task (Dulany and
O'Connell, 1963) does not necessarily imply that these'§§
have employed a hypothesls-testing strategy for sorting the

cards. The absence of such discrepancies, as well as the



20

~

high intra-class correlations between actual and predicted
correct placements found by Schwartz (1966), suggest only
that the stated rules were sufficient to predict obser;ed
sorting performaﬁce. Descriptive completeness, however,
does not imply mediational control., It is certainly '
conceivable that a rule could fail to control a given
sorting response (i,e. could be rationalized ad hoc) and at
* the same time adequately reflect all aspects of the stimulus
which determined that response. In addition, Ss could
utilize features of the stimuli themselves to select or
derive the rules to bhe used., Rules so derived could eésily
be descriptively complete; but since they were not stiﬁulus
.--independent, these Ss could not be said to have exerted
complete verbal control in sorting ghe cards,

3, In comparing actual and predicted correct
placements, the predicted'frequencies of correct classifica-
tion which would result from the application of the Ss'
stated rules have not been accurately determined. Only
Schwartz (1966) has undertaken a complete accounting of the

probabilities associated with the rules stated by each §
~during the trials, Predicted frequencies of correct place-
ment have typlcally been estimated by classifying verbélized
rules into "correct," "perfectlv-correlated" (with the

correct rule), or "uncorrelated" categories. The probabi-

lity of correct placement for appropriate category (1.0,
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1,0, and 0,5 respectively) has then been assigned to each
rule, Thus, the above- and below-chance probabilities-of
correct sorting regponse resulting from imperfectly-
correlated rules have not been assessed in evaluating the
overall predicted frequency of correct classification for
each 8. Since the crucial measure involves a comparison
hetween observed and predicted frequencies of.correct
placement, there seems little justification for this
deficit -- despite Dulany and O'Connell's (1963) assertion
that "we probably should not expect to f£find significant
discrepancies even o o «» 1f a full accounting of adventi-
tious correlated rules weie made,"

It is possible that this assertion might not be
supported even by Dulany and O'Connell's own data, In
their replication of Verplanck's main experiment, actual
correct placements remained higher than the predicted
frequencies of correct classification even after these'
authors '"corrected" the data for the statistical and
procedural defects they had uncovered. The mean percentage
of observed correct placements for the "corrected" data was
73.7; the mean predicted percentage was 62.7. This
difference was labelled "nonsignificant" by the authors
(.20 > p > .10, 2-tall) even though the analysis was based
on a relatively inefficient chi-square test with a df ;f
only nine. In the present research, disparities of apéroxi~

mately the same magnitude were statistically significant
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Asing a 2-tailed Wilcoxon Test énd an N of 22,

4, The cognitive investigators' failure to find
significant differences between actual and predicted correct
placements in claesification tasks may be "in part a
function of the restricted types of learning materials or
situations that have been investigated" (Eriksen and Doroz,
1963), Haygood and Bourne (1965), too, point'out that any
analysis "is as much a model of the task as it is a model of
the organism. Needed," they add, "are ftechniques' for
elucidating processes which may have been confounded by
task requirements in previous research." These views ére
shared by the present investigator7 and might well account,
;at least in part, for the disparate data onAve:bal control,

‘Verplanck, (1962), for example, has persistently
emphasized that "stimulus materials which permit the E
(and, presumably, the S) to choose any one of an almost’
unlimited number of possible 'solutions' (are) indispensable
e o o for finding the orderly behavior of Ss." Yet reeent
work (O'Connell, 1965; Schwartz, 1966) has typically
involved the use of simplified, "better-controlled
" materials" (Dulany and O'Connell, 1963). Subject-paced
trial procedures have usually been employed, and verbal
control of sorting responses has been further facilitated
by requiring Ss to state their verbal rules prior to |
classifying each stimulus item. Even the instructions, the

informing of the £ that he "should be able to get them all
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correct evenﬁually“ (Dulany ande'Connell, 1963), seem to
have been devised with implicit, if not explicit, cognitive
instructional sets in mind. Schwartz (1966), for examble,
actually told eaéh S that "his goal should be to deterﬁine
the correct rule; and that once he achieved that rule he
would make no errors in placements by following it.” ?n
short, these cognitive theorists' assertion that Ss doluse
a hypothesis-testing stratégy for.sorting cards on a
classification task seems unwarranted to the extent that
the experiments employed to test this assumption have bheen
designed to facilitate the use of such a strategy on the

part of the S,

However, if conditions became more pressing fop the
5, if limits were imposed on the number of rules he could
devlise before classifying each item of a set of compléx
stimuli, then rules would become less appropriate in the
- sense that their use would now risk the chance of failure
(Bruner, Goodnow, and Austin, 1956)., That is, guessing
would be much easier for the § than would rule-testing =--
especially if he were confronted with complex stimuli, ‘and
were pressed for speed over a long series of classification
trials., Under such conditionsg, the effort required to test
gules on virtually every trial might seem less than profit-
able to the S, since the use of sucﬁba strategy would
probably not result in substantially better-than—chance

sorting performance. In other words, making the use of



rules more difficult and less édvantageous might provide
one means of establishing an experimental situation which
did not encourage verbal control over responding. In a
.'situation which did not facilitate wverbal control, a more
meaningful answer to the'question of whether Ss will exert
complete‘verbal control on a classification task could be
determined.

In the experiments to be reported, some of the Ss
on a card-sorting task were pressed for speed in categori-
zing a series of complex stimuli., Stimulus presentations
were brief, and these Ss were timed for classifying each

card, The rapidity of stimulus' changes also added pressure

.- for speed, leaving Ss few, if any, moments for reflection

on éognitive strategies, Finally, Ss were not alwaysﬁ
reqgquired to select their trial-by-trial rules independently
of the stimulus items, Sﬁbjects in some experimental groups
were allowed to state their rule after both viewing and
classifying the stimulus card on each trial.

For situations which did not encourage complete
Averbal control, there would be a strong possibility that Ss
might verbalize rules that were insufficient to account tor
observed sorting performance. An index of descriptive
incompleteness for the Ss' stated rules could be obtained,
as outlined earlier, by comparing actual frequencies ot
correct classification with the frequencies that would be

predicted from their trial-by-trial rules. The predicted
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frequencies of correct placemeht could, however, be
evaluated more éccurately than in previous investigations
(Dulany and O'Connell, 1963; O'Connell, 1965) by ascer-
taining a precise probability of correct classificatién for
every rule stated by each S. If predicted correct classi-
fications evaluated in this fashion significantly excéeded
the observed number of correct placements, this would{imply
that Ss had not used the cues described in their wverbal
rules for purposes of classifying the cards. Conversely,
if actual frequencies of correct classification were
significantly higher than the predicted frequencies of
correct placement, this ﬁould indicate that the stated'
~ktrules were descriptively incomplete., On at legst some, of
the trials, the Ss' sorting responses must have been at
least partially determined by something in addition to their
verbal statements,

In the two studies to bhe reported, obkbserved
frequencies of correct classification were found to be
significantly higher than predicted frequencies of correct
placement, These disparities, however, should not be
confused with the rule-placement discrepancies found earlier
by Verplanck (1962). Verplanck's apparent "dissociation” of
’fules and placements arose from trials on which placement
was not consistent with the stated rule. That is, Ss

apparently contradicted themselves by placing a card in one

category after stating that they would place it in another.



By contrast, the disparities found in the present research
were observed even though virtually every placement was

congistent with the rule given on the same trial.



CHAPTER THREE

EXPERIMENT I

Method

Subjects

Experimental Ss were 18 male and 13 female
undergraduates enrolled in the introductory psychology
course at McMaster University. Ages ranged from 18 to 25

years; the native language of all Ss was English.

Apparatus and Materials

The lOO.experimeﬁtal stimuli consisted of 2 x 3
inch children's playing cards mounted on 3 x 5 inch pléin
white index cards. All stimulus items depicted cartoon
animals, and varied widely along many dimensions: color,
size and type of animal, number and position of figures,
inversions of some of the figures, presence or absence of
-clothing, nature of ongoing action, presence or absencé ot
lettering and/or numera;s'on the card, etc. Each stimuius
item could be correctly sorted into one of two categories
according to the following rule: cards illustrating two
or more animals of the same type or species are in category

"B": all others are in category "A." There were 50 cards
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of each category, and these were presented in the same-
randomized order for all Ss.

An improvised tachistoscope-viewer was used fof
stimulus presentation, A 3 x 3 inch window in the front of
the viewer was covered with one-way plastic so that thé S
could view a stimulus item only when the card was illu@i—
nated by a lamp inside the enclosure., The onset of thé

stimulus lamp activated a timer located behind a screen

1
}

which housed the viewing box, and shielded the E£'s manipu-
lations from the S's view, Two push-buttons, labelled "A"
and “B," were mounted on a wooden panel placed in front of
the 8 directly below the one-way window. Depressing either
-0f these buttons stopped @he timerlindependently of'thq
stimulus lamp. A microphone was mounted on the screen 5ust
above the viewing window. This was connected to a tape
recorder used to record the verbal rules given by the S on

~each trial,

Procedure
(A) Experimental Group:

Subjects were run individually in an experimental
session approximately one hour long, The following instruc-

tions were given orally to all Ss:

This experiment seekg to investigate
how rapidly you can react to visual cues
presented under varied viewing conditions. We
also wish to study how varying the complexity
of visual objects may affect the speed with
which you are able to recognize and classily



these items.

You are going to be asked to sort or
classify some picture cards., These will be
shown to you one at a time through this
window, and you are requested to categorize
each card as rapidly as possible by pressing
the appropriate ("A" or "B") button on this

" panel, You will be timed for this.

On each trial, after you have pressed
one of the buttons, I will engage this
(microphone) switch and ask you to state the .
rule, or reasoning, you followed in classify~
ing that card. Take whatever time you need
to state each rule precisely; you will not be
timed for this portion of the task. Please
glive each rule in the form: "Cards showing

to in category ____." Your statements
will be recorded to save the time of copying
them down.,

Each timé you place & card correctly,
I will inform you and.give you a plastic chip.
You may guess if you wish, but try to get as
many chips as you can., Any questions?

,rThe S was then allowed to study, for a period of one
minute, eight correctly-categorized sample stimuli which
were similar, but not identical, to the experimental items.
He was informed that the correct rule for classifying the
cards was a discrete one requiring no subjective evaluation.
Example rules were glven if the S remained unclear on ﬁhis
point, The rule “cards_shOWing an odd number of animals are
in category 'B'" was used as an illustration of a discrete
rules '"cards showing brightly-colored animals are in cgte-
gory 'B'" was employed as an example of an ambiguous one.

Finally, speed of response wags again emphasized prior to

beginning the trials.
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At the start of each trial, the E said "ready," and
activated the stimulus lamp and timer. When the S presgssed
either button, the timer stopped auvtomatically and an
indicator lamp behind the screen showed the E which button
had been pressed., After each sorting response, the S was
immediately told whether his classification was "riglm‘:;I or
"wrong," and a chip was passed through a slot in the screen
if placement was correct. The § was then asked to state
fully the rule employéd in placing éhe card on that. trial.
If his rule w%s ambiguous, he was requested to clarify it
by re-stating the rule more precisely.

On the pre—critefion trials, stimulli remained in
°‘tview'until a few seconds after the § had responded in érder
to aid him in reaching a criterion of eight consecutive
correct placements, The.stimuli were never in view whén he
stated his verbal rules. If criterion was reached on br
before the 75th acquisition trial, the S was given the
following additional instructions:

The cards will be shown to you more
briefly from now on., Continue on as before,
guessing if you wish, but trying to earn as
many chips as possible. Make every effort

to respond as quickly as you can on each
trial. '

On the post—criterion trials, stimuli were pregented
more briefly, with an exposure time of approximately one
second., Unknown to the S, "reinforcement" was shifted from
a-continuous to a 60 per cent partial schedule in which

positive feedback was given randomly within each block :of

¢
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five correct placements., The § was told that his plaéement
was "wrong" on all other trials. This change in the
reinforcement schedule was madecfor two reasons: (1) to
prevent the § from perseverating with the rule he wasfusing
when he attained criterion; and (2) because past resea}ch
(Verplanck, 1962) suggested that the partial reinforcement
of correct sorting responses might be an effective way of
obtalning significant rule-placement disparities. In all
cases, regardless of the number of trials required to reach
, criterion,>stimulus items 51 through 100 were employed'for
the partial reinforcement trials. After the experimental

trlals, and if criterion was reached; the $ was given a

.- written, forced-cholice questionnaire designed to "find out

a bit about what you did, how you went about doing it, and
what you were thinking during the experiment," (See

Appendix B, pages 89 to 92 for the questions asked.,)

Evaluation of Data

The frequencies of observed correct placement (OP)
and predicted correct placement (PP) were determined in the
following manner. The OP was computed by simply counting
the correct sorting responses over all trials to be included
in the analysis. The PP was determined f£rom the same
sequence of trials by computing a weighted average of the
rule-derived probability of correct placement for each rule

given by the $S. These rule-derived probabilities were
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evaluated in two ways:
1. Over all cards: Let us assume that a $ hés
qsed the rule "cards showing one or more dogs are in
category ‘'A'," If used consistently for classifying all
the other cards, this rule would lead to a correct place-
ment for 41 of the 100 items presented, 'That is, the.rule~
derived probability that the card presented on any gilven
trial would be correctly sorted by the applicétion of-this
rule is .41. |
Guesses were assigned a probability of, .50. Rules
containing plural nouns without nu%ber specification (eeg;

"dogs are in category 'A'") were treated as irrelevant with

”5 raspect to number, That is, any stimulus item showing one

or more dogs would be assigned to category "A'" according to
this sample rule; all oﬁhers would be designated category
"B" in calculating the probability of correct placement for
this rule., Rules containing nouns with number specification
(e.g. "two dogs are in category, 'A'") were tfeated as
relevant with respect to both the number and the noun. That
is, only cards illustrating two dogs would be assigned to
category "A" in evaluating the rule-derived probability of
correct placement for this rule; all other items would be
designated category "B" for this purpose.

2. Over only those cards illustrating the discri-
minative features described in the Ss' verbal rules: The

. number of cards in the stimulus set which displayed the
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criterial feature described by each rule were counted. The
proportion of this subget of stimulus cards that would be
correctly sorted by each rule was then determined, Tﬁis wa s
~the proportion of correct placements that would be expected
from the application of each stated-rule for all cards
showing the discriminative feature described in that rule,
As an example, let us assume that the S has again used the
rule "dogs are in category ‘fA'," Twenty—five'of the 100
cards in the stimulus set illustrated dogs:; and of these
25, twelve would be placed in category "A" according to the
correct classification rule, Given that there was a dog

shown on the card, then, the probability of making a correct

+. placement using the rule "dogs are in category ‘*A'" would be

12/25, or..48e

These two methods for computing rule-~derived :
probabilities of correct classification provided two
separate estimates of the overall predicted frequency of
correct placement (PP) for each S. For each of these FP
estimates, a rule-derived probability of correct placement
was determined for every rule given by the S, The PP was
then calculated by averaging the rule-derived probability
computed for each rule weighted by the number of trials on
which each rule was used. (See Appendix F, page 120 for a
worked-out example,)

As an index of observer reliability, a correlation

was computed between the rule-derived probabilities assigned



by the E and those evaluated by an independent observer.,
This correlation coefficient was based on the rules offered
for 20 "spot-checked" trials by each of the 22 Ss reéching
cfiterion on the task. The ten trials immediately preceding
and the ten trials immediately following the changeovetr to
partial reinforcement were selected for this "spot—chéck,“
since these trials sampled equally the acquisition and
partial reinforcement phases of the experimental procédure.
The rule-derived probabilities compared in this check were

determined over all cards in the stimulus set.

(B) Control Group:

Prior to the experimental sessions, three male and

" three female graduate students in psychology at McMaster

University were run as control Ss in order to demonstrate
that the correct rule for_sorting the cards could be applied
unambigﬁously to all stimulus items. These six Ss were
given the following instructions orally:

I am going to ask you to sort or
categorize some picture cards into two classi~
fications according to a rule which I will
give you., The categories are "A" and "B,"
and each card that you will see can be placed
into one of these two classifications., I will
hold up each card separately -~ one at a time
-~ calling out its number., The cards will be
in consecutive order, and I would like you to
respond by simply writing down opposite the
appropriate number on the sheet before you the
correct clasgification for each item.

The correct classification rule was then explicitly

53]
92}

'stated, and repeated or clarified if necessary. Control
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like the experimental Ss, were run individually.

(C) Pilot Group:

Pilot Ss were 1l male and 3 female psychology
undergraduates enrolled in the summer sessions of the third-
yvear developmental and personality courses at McMaster
University. Ages :angéd from 22 to 56 yearss; the native
language of all‘gg was English. Each S was run individually
by the same E in a session approximately one hour long. The
apparatus and procedure were essentially the same as for the
experimental group, with the exception that an‘indicaéor
lamp was omitted from the E's control panel, and the $ was
required to call out which button he had pressed on each

‘trial, (See Appendix G, pages 121 to 124 for Pilot data.)

Results and Discussion

(A) Control Group:

The six control Ss who were asked to categorize the
cards after being given the correct classification rule made
only two miscategorizations in the combined 600 trials.,
(Data for the individual control $s may be found in
Appendix A, page 85.) One of these errors, (number 77), was
presumably no more than a careless mistake; for an identical
stimulus item was correctly categorized by this same S
earlier in the series. Moreover, Qhen the card in guestion

was again shown to this S at the end of the sequence, it was



correctly classified,

The other stimulus item (number 31) for which an
error was made was changed, thus minimizing the poésibility
of miscategorizations due to differences in the subjective
evaluations of ambiguous stimuli (Dulany and O'Connell,
1963), The consistency of the above observations was
thought to preclude the necessity of increasing the size of

this stimulus ambigqulty control group.
(B) Experimental Group:

(1) Observer Reliability:

A rank-order corrélation of .995 was obtained

- between the E's assignment of rule-derived probabilitieg of
corréct placement and those evaluated'by an independent
observer for the 440 “spét—check“ trials. (The parallel

sets of data for the individual Ss may be found in Appéndix

¢, page 94 ,)

(1i)  Data and Discussion:

Three forms of evidence will he presented and
discussed in this section: (1) comparisons between observed
and predicted frequencies of correct placement, (2) an 
analysls of correct sorting responses for trials on which
placement was inconsistent with the stated rule, and (3)
comparisons of sorting performance between criterion and

{

non-criterion S8s.



1. Comparisons between Observed and Predicted
Frequencies of Correct Placement
.Twenty—two of the 31 experimental Ss reachéd
criterion on the sorting task. Mean percentages of
observed correct placements (OP) and predicted correct
placements (PP) on the acquisition trials for criterion and

2

non-criterion Ss are shown in Table I.“ The PP was

evaluated over all cards in the stimulus set.A (Acquiéition
data for the individual Ss are given in Apéendix C, pages
.97 and 98.) Acquisition trials included all.trials prior
to criterion, When criterion was th attained, triais 1
through 75 constituted tﬁe acquisition trials.

Even though the rules offered were consistent with
theit corresponding placements on 98.2 per cent of the
trials, significant PP ; OP dlsparities were shown by those
Ss reaching criterion, For these Ss, oObserved correct

placements (OP) on the acquisition trials were significantly

2 These figures do not include trials on which
duplicate cards were presented., Twenty-five of the 100
experimental stimuli were duplicate items. A spuriously-
inflated OP measure could have arisen from instances in which
the 8 recognized one of these duplicate cards, and recalled
its correct classification, but failed to state this when
giving his rule., To eliminate the possibility of spurious
PP - OF disparities resulting from an inflated OFP measure,
trials on which duplicate cards appeared were deleted from
the analysis. However, changes in both the OF and the PP
when these trials were taken into account, were negligible
-- on the order of less than 0.5 per cent,
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higher than predicted frequencies of correct sorting

response (PP) (p < .01, 2-tail, Wilcoxon). A PP = OP

disparity of comparable magnitude was also found oﬁ the
final 50 (partial-reinforcement) trials for this criterion
group (p < .01, 2-tail, Wilcoxon). (Data for individual
criterion and non-criterion $s on the final 50 trials are
given in Appendix C, pages 102 and 103.) Subjects not.
reaching criterion on the sorting task did‘not produce
significant PP -~ OP disparities., In other words, only3§§
attaining criterion correctly sorted a greater number éf
cards than would be predicted from the rules they gave

during the trials. These results are consistent with the

.data obtained from 14 pilot. Ss who were run under similar

experimental conditions., (Data for the pilot Ss may be

found in Appendix G, pages 121 to 124 .)

INSERT TABLE I ABOUT HERE

A more refined PP -~ OP disparity measure was
obtained by comparing observed and predicted correct place-
ments for only those trials on which one of a selected sub-
set of rules was used. Of the many hundreds of rules used
by all Ss over the trials, a controlled sample of 55 wasg
selected according to the following criteria: (1) The rule

was used frequently. That is, most Ss employed the rule on

at least some Of the trials. (2) The rule did not involve
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TABLE I

Mean Percentages of Observed Correct Place-~
ments (OP) and Prediéted Correct Placements
(PP) on Acquisition Trials for

Criterion and Non-Criterion Ss

Ss : N . OP PP CP - PP
Criterion 22 ~ 68,2 56.8 p < ,01 *
Non-Criterion 9 . 53.4 ~51.6 p > 05 *

* Wilcoxon, 2-tail
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- subjective evaluation. Ambiguous rules such as "happy
animals are in category 'B'" were eliminated from the |
analysis. (A list of the 55 rules used may be fouﬁd in
Appendix B, pages 87 to 88.) The discrepancy measure was
further refined by omitting those trials on which the S
stated that he had merely guessed, and those on which place-
ment was inconsistent with the given rule.

This controlled sample of trials was used to
nminimize the possibility of:spurious PP - OP disparities.
Such artifacts could arise from trials on which Ss used
correlated rules that they failed to verbalize -- either by
stating that they had simbly guessed, or by offering care-
‘qless;ymphrased reasons for their actions. Carelessly-given
rules are more likely to have rule—derived probabilities of
correct placement approaching chance value than are thé
. rules which reaily guided the Ss' behavior but which were
not reported accurately.

Mean percentages of observed and predicted corréct
placements (OP and PP) for both criterion and non-criterion
Ss on the controlled-sample acquisition trials are shown in
Table II.3 Again, the PP was evaluated over all cards.
(Acquisition data for the individual Ss on the controlled-
sample trials are given in Appendix C, pages 99 and 100.)

A significant discrepancy, similar in magnitude to the

See footnote number two, page 37.
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disparity observéa over all acquisition trials, was found
for the controlled sample (p < .01, 2-tail, wilcoxon) .
This disparity was also found for the f£inal 50 controlled-
gsample trials (p < .01, 2-tail, Wilcoxon). (Data for the
individual criterion and non-criterion Ss on the final 50
controlled-sample trials may be found in Appendix C, pages
104 and 105.) On both the acquisition and the final 50
controlled-sample trials, only those Ss reaching criterion
on the sorting task produced significant PP -~ OP

disparities.

INSERT TABLE II .ABOUT HERE

It was noted that Ss nearly always stated their rule
on each trial in feature;positive form, That is, they
usually named a criterial feature greéent on the card.as the
one they had used to classify the item. This resulted in
the stated rules being "incomplete" in the sense that they
described the discriminative feature for only one of the two
xpossible response categories, Subjects stating "Dogs are in
category 'A'," for example, did not describe the criterial
features which would lead to a category "B" classification.
As a result, the rule-derived probability of correct place-
ment for each rule given by a $§ could be evaluated in at

least two ways:

(a) Over all cards: How well a given rule would
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TABLE IX

Mean Percentages of Observed Correct Place-
ments (OP) and Predicted Correct Placements
(PP) on Controlled-Sample Acquisition Trials

for Criterion and Non-Criterion Ss

Ss : N . OP PP OP -~ PP
Criterion 22 : 72.2 58.9 p < .01 =
Non-Criterion S 52,6 - 53,5 p > ,05 %

* Wilcoxon, 2-tail
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-sort~§;; other cards in the stimulus set could be determined
‘ in accordance with one of two assumptions. For the rule
"dogs are in category 'A'," for example, it could be assumed
_that the S would either (i) guess in classifying all non-dog
items; or (ii) automatically place gll non-dog cards in
category ¥B" in accordance with his stated rule. In
evaluating predicted frequencies of correct classification
over all cards, alternative (ii) was chosen, This seemed
the more plausible alternative; and more importantly, it
would result in a higher PP estimate than would the first
assumption., In éther words, the assumption that the S's

rule was in accord with the second alternative would result

..in a more stringent test for PP - OP disparities.

(b) Over only those cards illustrating the diséri-
minative feature described by the rule itself: Computing
rule-derived probabilities on the basis of all cards in the
stimulus set entalls the assumption that each rule stated
by the S would be uséd to sort all other stimulus items.
This assumption seems questionable, since the fact that
.rules were stated in feature—positive form suggests that
these rules were stimulus-dependent. If Ss did use features
of the stimuli themselves for purposes of selecting their
verbal rules, the rule employved on any given trial would not

neceggarily be used to sort the cards presented on all other

trials. Rather, it might be used to classify only those

cards which i1llustrated the discriminative feature described
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by the rule itself. A more conservative comparison befween
actual and predicted correct placements, then, could be
obtained by determining predicted frequencies of correct
classification for only those cards which illustrated ﬁhe
discriminative feétures described by ﬁhe Ss!' verbal rules.

A discriminative feature PP - OP comparison was
made on only the controlled-gample acquisition trials for
those 8s reaching criterion on the sorting task. Mean
percentages of obserwved and predicted correct placements
for this analysis are shown in Table III. (Datg for the
individual Ss are given in Appendix C, page 101.) Three
noteworthy pieces of evidence emerged from these datasz (i)
..As in the previous comparisons, observed correct place&ents
were significantly higher than the predicted frequencies of
correct sorting responsé (p < .01, 2-tail, Wilcoxon). (4ii)
Predicted correct placements for the discriminative feature
analysis were higher than the "original" PP estimates over
all cards for 15 of'the 22 criterion Ss. (iii) The mean PP
‘for the discriminative feature analysis was significan;ly
higher than the mean PP (for the controlled-sample acqﬁisi—
tion trials) estimated on the basis of the entire stimulus
set (p < .02, 2-tail, Wilcoxon). Each of these three lines
of evidence implies that Ss did select at least some of

their stated rules on the basis of the stimulus confronting

them on each trial,
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INSERT TABLE IIXII ABOUT HERE

For each of the three ways in which it was computed,
the PP - OP discrepancy analysis provides clear evidence
that the rules given by Ss during'the trials were not
sufficient to desc;ibe—all of the stimulus cues used in
sorting the cards, That is, something which determined
placements on the sorting task ~- sgome stiﬁulus featuré
correlated with the correct classification rule -- did not
find its way into the rule-statements offered from trial to
trial. Subjects, on a certain proportion of the trials,
either utilized.some verbally unspecified feature of the
Atstimﬁlus to select the rule.to be used:; or they rationalized
their rule ad hoc to f£it the placement they had already
made, In either case, they did not place the card accord-
ing to a rule formulated independently of the stimulus item.
That is, they did not exert complete verbal control in
sorting all of the cards.

2. Analysis of Trials on which Placement

was Inconsistent with the Stated Rule

On the basis of the evidence for descriptive

incompleteness alone, it is clear that the stated rules did

not completely control above-chance sorting performance.

It has previously been suggested, though on the basis of

insufficient evidence, that the use of verbal rules is not



TABLE IiI

Mean Percentages of Observed
Correct Placements (OP) and Predicted -
Correct Placements (PP)* on Controlled-

Sample Acquisition Trials for Criterioh Ss

oP PP OFP - PP

72.2 " 62.5 p < .01 *x

* Each rule-derived probability of correct
placement used in evaluating predicted
frequencies of correct classification was
based on only those stimulus cards which
illustrated the discriminative feature
described by the rule.

** Wilcoxon, 2-tail
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at all essential to better-than-chance performance on a
classification task (Hull, 1920; Leeper, 1951; Postmanjand
Sassenrath, 1961; Manis and Barnes, 1961):‘ If we make the
reasonable assumption that Ss using a rule-testing strategy
on a sorting task would not derive placements which were
inconsistént with thé-rules they were testing, this
'suggestion is supported by the number of correct sorting
responses made on trials whereAplaqsment was QQE consistent
with the rule stated on the same trial. That is, on those
occasions when Ss contradicted themselves by placing an item
in one category when the application of their verbalized
rule would have placed tﬁe card in the other, they did so in
1suchla manner as to yield a correct placement nearly every
time, Table IV shows the mean percentage of correct place-
ments for all Ss over all trials on which placement was
inconsistent with the stated rule. This frequency of
correct sorting response significantly exceeded chance!
performance (p < .001, 2-tail, chi-square) even though these
"placements were clearly not controlled by the verbaliéed

rules, (The inconsistency data for individual Ss may be

found in Appendix C, pages 95 and 96 .)

INSERT TABLE IV ABOUT HERE

Instances in which placement was inconsistent with

the stated rule, however, accounted for an extremely small



TABLE IV

Mean Percentages of Correct and Incorrect

Classification for All Ss over Trials on

which Placement was Inconsistent with the
Stated Rule

Correct Placements Incorrect Placements

90,2 * A 9.8

* > Chance (p < ,001, 2-tail, Chi-Square)
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portion (1.8 per cent) of the trials. Whether the aque
interpretation that verbal rules were not crucial to bétter—
than-chance sorting performance could be aépliéd to the much
larger proportion of trials on which placement was
consistent with the rule verbalized by the S on the same
trial must be tested\by a different form of evidence.

3., Comparisons of Sorting Performance between.

Criterlion and Non-=Criterion Subjeéts

Criterion Ss who showed significant PP - OP
disparities performed substantially better on the sorting
task than did the non-criterion Ss, who failed to produce

these discrepancies, The mean OF for the criterion Ss over

..all acquisition trials was significantly higher than both

chance performance (p < ,001, 2-tail, chi-square) and the
mean OP shown by the non-criterion group (p < .004, 2-tail,
Mann-Whitney "U"). The PP4 for these criterion Ss was also
higher than both chance performance (p < .01, 2~tail, chi-
square) and the PP determined from the rules given by the
non-criterion Ss (.05 > p > .01, 2-tail, Mann-Whitney "U").
By contrast, neither the OP nor the PP for the non-criterion
group on the acquisition trials differed significantly from
~ chance expectancy (p > .10, 2-tail, chi-square).

The interesting point for a theory of verbal control

4 The PP which was compared with chance performance
was the lowest of the three PP estimates obtained for these
Ss. It was determined for all cards in the stimulus set,
and included all acquisition trials.
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is that the Ss providing clear evidence that they had not
sorted the cards according to rules which had been chosen
independently of the stimulus items performed Significantly
better than Ss who failed to provide this evidence. OF
course, there is no basis for assuming that the non-criterion
group did assert verﬁél control'on the sorting task. Never-
theless, this performance comparison between criterion and
non~cri£érion Ss raises an interesting question, Can.§§ whé
give rules that are descriptively incomplete, i.e. who
provide evidence for lack of complete verbal control,
perform better on a sorting task than those who do derive
their placements from indepéndently-selectedVand descrip-

.. tively complete rules? This question might be pursued
experimentally by comparing sorting performance by Ss
displaying significant PP - OP disparities with that of Ss
making placements consistently with rules which were stated
in advance of seeing the stimuli to be sorted. This

experiment is reported in Study II.



CHAPTER FOUR
EXPERIMENT II

The principal objectives of this second experiment

were threefold: (1) to replicate the PP - OP disparities

of the first experiment in a situation which excluded many
of the problems associated with subject-generated ruless

(2) to manipulate the degree of verbal control exercised by

" Ss on a sorting task similar to that used in Study I: and

(3) to obtain additional evidence, other than the PP - OP
disparities, that wverbal rules do not necessarily control

_-.above-chance performance on.a classification task.

1. Replication of PP - OP Disparities: When Ss are
free to generate t@eir own rules without restriction, as in
the first experiment, there is always the possibility that
their overt verbalizations will somehow be less complete
than the covert rules actually guiding their behavior on a
sorting task. In Study I, steps were taken to reduce the
possibility of spurious PP - OP discrepancies arising from
vague or carelessly~given rules. This problem could be
eliminated entirely, however, by providing the § with a list
of discrete rules and informing him that one of these was
the correct rule for sorting the card on each trial. The

objectivity of these selected rules could greatly increase

51
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the assurance with which their rule-derived probabilities
of correct placement could be determined. Moreover, tﬁis
restricted-rule model would provide a cogvenieht conple-
mentary paradigm to the subject-generated rule technigue
used in Study I. That.is, the shortcomings of each method
could be offset in pért by obtaining the same results under
both experimental cogditions.

2. Manipulation of Verbal Control: It might be

possible to manipulate the likelihood that placements made
on a sorting task would be derived from rules selected
independently of the stimulus items. Subjects in one group
(rule-first, RF Ss) coula be required to state their rule
-. prior ﬁo either viewing or placing two stimulus items to be
sorted on each block of trials. This procedure might
encourage these §§ ﬁo use stimulus independent rules in
sorting the cards, Subjeéts in a2 second group (placement-
first, PF Ss) would be asked to rapidly classify the two
stimuli .on each trial-block before stating a rule by which
both of theée items could be correctiy categorized. fhese
Ss would have greater opportunity to use features of the
stimuli themselves for placing the cards, or selecting their
verbal rules,

If the RF 8s did exert complete verbal control over
their sorting responses, they would produce few if any rule-
placement inconsistencies, and no PP -~ OP disparities on

the classification task. Indeed, by maklng placements which
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were consistent with their independently-selected rules, .
these Ss could not possibly display significant disparities
between actual and predicted sorting performanée,
Consgsistency of rule and placement over a series of trials,
however, would in itself provide at least suggestive
evidence of verbal cbntrol for these RF Ss. This evidence
would be strengtheneé if we could be assured that these Ss
had not changed their stated rule upon viewihg the stimuli
to be sorted on each trial-block. If a S, after statiﬁg his
rule, switched to an entirely different rule for sorting the
cards, this would probably be reflected over a series Qf
trials in instancés of rﬁle~placement inconsistency. A more
.. difficult problem arises when the S states a'rule, sees the
cards to be classified, and then places these items according

to an elaborated version of his stated rule., That is, the

stimuli themselves could provide additional cues to be used
In sorting the cards, even though the resulting placements
remained consistent with the S$§' stated rules. Such a
procedure would not alter the prediction of no FP - 0P
disparities, but it would violate our definition of complete
verbal control.

The probability that RF Ss might modify their stated
rules in this manner could be minimized by informing each S
that the correct rule for sorting both cards on each block
of trials would always be one of the prepared list of

discrete rules given him at the beginning of the experimental
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session. If the § were using rules, he would then have

no reason to elaborate on his chosen rules for purposes of
classifying the cards. Under these conditions,Aobserved
congsistency of rule and placement for a RF group would
provide more adequate support for the interpretation that
these Ss had exerted.verbal control over their sorting

responses,

For the PF group, the requirement of having to, sort

two cards on each trial-block might pose a problemn. Under

i
pressure for speed, these Ss might experience some diffi—
culty in rationalizing their rules to fit both placements on
every trial-block., If this were the case, it could be
.-.expected that they might display a higher incidence of rule-
placement inconsistency than would the RF group. Moreover,
even for trials on thch these Ss made placements which were
consistent with their stated rules, they might be expected
to show PP - OP disparities. On the basis of the evidénce
in Study I, it might be expected that all of the stimulus
cues used in sorting the cards wouid hot necessarily be
reflected in the Ss' verbal statements. In short, then, the
PF Ss might be expected to show two lines.of evidence that
they had not exerted complete verbal control for sorting the

cards: (a) a significantly higher incidence of rule-

placement inconsistency than that displayed by the RIF group,

0

=3

and (b) a significantly greater number of correct classifi

tions than would be predicted from their trial-by-trial rule

Se
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- Either form of evldence would be sufficient to show
that these Ss did not sort éll of the cards according to
rules which had been chosen independently of the stimulus
items. Moreover, either finding would allow a further
comparison to be made =-- one which was suggested by the
differential sorting performance—of criterion and non-
criterion 8s in Study I. That is, the sorting performance
by Ss deriving their placements from rules selected in
advance of seeing each stimulds-to be sorted could be
compared with that of.Ss who gave clear evidence that they
had not exercised complete wverbal control in cléssifyiﬁg

the cards.

3. Additional Evidence: If Ss displayed acquisi-

tion rates for correct placements and at the same time
showed no acquisitidn fof correct or correlated rules, this
would provide further evidence that wverbal rules did not
>necessarily control above-chance performance on the classi-
fication task., It would be easier to make a meaningful
comparison between acquisition ratés for correct placements
and those for correct and correlated rules if S$s asserting
complete verbal control could exceed chance-level sorting
performance only by using the correct classification rule,
This could be accomplished in the following manner:

Four discrete rules having probabilitics of cofrect
placement which did not exceed chance expectancy could be

included, with the correct rule, in the prepared list given
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to the Ss. If Ss were restricted to deriving their place-
ments from 6ne of these five listed rules on each triai—
block, the level_bf sorting éroficiency'they could attain
would be determined solely by the frequency with which they
used the correct classification rule to sort the cards.
Feedback could be given independently for the Ss'
sorting responses and for their choice of rule on each
trial-block, If the correct rule were "reinforced"
continuously, however, and were the only one of the five
listed alternatives for which positive feedback were given:
Ss might tend to perseverate with this rule. T§G steps
could be taken to offsetfthis tendency: (a) Subjects could
... be ipformed that, while one. of the five listed rules would
always be the correct one for sorting the cards, this
correct rule might changé over’ succeeding blocks of trials
in such a way as to make each of the five alternative #ules
"correct" an equal number of times. (b) Misinformativé
feedback couid be given for a certain proportion of the
trials on which the correct rule was chosen by the S, This
misinformative feedback would apply only to the Ss' correct
rule-responses; correct sorting responses would be
reinforced continuously. Both the instructions and the
"partial reinforcement" of correct rule-responses would
encourage Ss to use all of the availakle rules for so%ting
the cards, even though only one of these listed alternétives

vould in reality be the rule by which placements were



57

reinforced.

The differential reinforcement of céﬁrect placements
and correct rules would effectively reduce;the.number of
correct classifications resuiting from use of tﬁe correct
rule, but would not affect the number resulting from the use
of cues which were not incorporated into the Ss' verbal
statementéo Under these conditions, RF $s asserting
complete verbal control would not be expected to correctly

- sort a greater number of. cards than would be predicted by
chance success and the number of times. they employed the
correct classification rule. That is, the acquisition rates
for correct plaéement.and for the correct rule would nét be
expected to differ significantly for the RF group.

However, if the PF Ss used portions of the stimuli
themselves to either select the rule or place the cards on
each trial-block, they might be able to show improvements
in sorting the cards indeéendently of improvements in
selecting the correct rule, Significantly higher acqﬁisi—
tion rates for correct placement than for the correct rule
for these Sg would imply that they had used stimulus cues
not described in their chosen rules. In short, the differ-
ential acquisition of cérrect placements and correct rules
would provide additional support for an earlier interpreta-
tion of the observed PP - OF disparities, Both forms éf
evidence would clearly indicate that the selected rulesg

'alone were not sufficient to account for above-chance

performance on the classification task.
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Subjects

Experimental §§ were 16 male and 14 female under-
graduates enrolled in the introductory psychology course
at McMaster University. Ages ranged from 19 to 27 yearss

the native language of all Ss was English.

Apparatus and Materials

The experimental stimuli and presentation apparatus
were identical to those described for Study I. In addition,
.a tyﬁed list of five alternative rules was placed adjacent
to the button panel in front of.theﬁg. All five'rules were
Aexhaustive. That is, the discriﬁinative features of bhoth
respénse categories were stated in the rule, as in the

following example:

All animals on the card are upright -- category a

Some animals on the card are inverted —-- category B

(See Appendix D, page 107 for a complete list of the rules
employed.) These rules were selected from the subset of 55
controlled-sample rules used in Experiment I. All rules
could bhe applied unambiguously to every stimulus itemi and
each rule had a precise rule-derived probability of correct

placement which was determined as outlined for the previous

study.
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Procedure

Subjects were randomly-assigned tolone of two
experimental groups. Each S was run individually in a
session of approximately one hour's duration. He was
informed that the experiment sought to determine his
"conceptual reaction-time" -- that is, how long it would
take him to both recognize and classify a series of fairly
complex visual stimuli. The S was then given the following
instructions orally:

Today I am going to ask vou to sort
or classify some picture cards. These will
be shown to you one at a time through this
window, and you are asked to categorize each
card as rapidly as you can by pressing the
appropriate ("A" or "B") button on this
panel, You will be timed for this. The
correct rule for categorizing both cards
on each block of two successive trials will
always be one of. the five rules listed on
this sheet. However, this correct rule
might change for succeeding blocks of trials.

Further instructions were given according to the group to
which the 8 had been assigned,
(a) Placement-First (PF) Group:

The 15 Ss in this group were required to rapidly
classify two stimulus cards prior to stating the rule by
which both of these items could be correctly categorized,
These Ss were given the following additional instructionss

At the beginning of each trial, I

will say "ready", and a card wlll appear

briefly through this window. I would like

yvou to classify each card as quickly as you

can -- by gquessing, or by "intuition," if

you like, After you have rapidly classified
two successive cards, I will ask you to
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select a rule by which both cards could be
correctly classified. Take whatever time

you need for this:; you will not be timed for
choosing your rule. When you have stated
your rule, the entire sequence will then be
repeated for the next two cards. Any
questiong? :

(b) Rule~First (RF) Group:
The 15 Ss in this group were asked to select their
rule first, prior to rapidly categorizing the two successive

stimulus cards on each block of trials. These Ss were given

the following additional instructions:

At the beginning of each block of
two trials, I will ask you to select a rule
by which you could classify the two succeed-
ing stimulus cards that will be shown. Take
whatever time you need for this purpose; you
will not be timed for choosing your rule.
After you have stated your rule, I will say
"ready", and a card will appear briefly
through this window. This will happen twice,
and each time I would like you to classify
the card as quickly as you can., You may use
the rule you have selected if you wish, but
you are not compelled to do so. Any
questions? ’

Aside from the instructions, then, the only effec-
tive treatment difference between the two experimental
groups was the point 