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ABSTRACT

Ninety-six volunteer subjects solved bhe of four concept-
ual rule  problems (conjunqtioﬁ, disjunction, conéif}onal,
Séignditional) undex onévgf four response category label-.
ling conditions (éosiﬁive—only,‘Negative—only, Connota;ive,
Neutral) in an orthogonal dedign. Visual stimﬁli'consist—
ing of 27 geometrical designs varying en the three tri- |
level dimensions of coloui} form ahd number were presented
unta& a criﬁerion of 16 consee&;ﬁveiy qgrfect responses Or -
162 trials were reached. In the Positive-only and Negative-

only conditions.éubjects classified stimuli as either be-

longing or not belonging to a single category labglled,

"POSITIVE" orl“NEGATIVE"(Tffﬁzzfigéiii//ln the Connotative
and Neutral conditions subjec 3Ssified stimuli as -

belonging to one of the two categbries.labelledﬁeither

, "PtOSITIVE" and "NEGATIVE", or "VEC" and "XAD" respectively.
'Iéformative fee@baék immediately fo;lowed each classific-
ation response. At the end of the exﬁeriment a written
statement was obtained from.each subject degcribing how
they had classified the sfﬁmuli. Subiects' preexperimental
classification biases showed preference for simple
affirmakionlpr negétion of relquEP attributes, as well as

. K . o "
conjunctive ‘and disjunctive biases.. Evidence of'gttention—
o ki
al focus on single dimensions of stimuli during early

r ., -

AN

-



stages bf‘legrhing waswfound ;hrouéh an anaiysis of errof
'distributions ac?oss truth—table catégofies of stimuli.
Comparisons of tﬁe difficulty of acguisition of rules were
made with-both.number of classifica@ioq errors to criterion
and trial of last classificatiqn egror\data. In the Con-
notative labelling éonditiOn, thF,bicondiéionai'and condi-
tionalﬂrules were fqpnd to be more difficult than the con-
junctive and disjunctive rulesr 'In the Positive-only and
Negative-only conditions,‘bicon&itiona% rule learning was
facilitated to the aegree that only the conditional rule -
was more difficult than the conjun?tion and disjunction.
Analysis of subjects' post acquiéition'verbal statemehts ‘
showed that within each ruié condit;on, subjects in the
different labelling conditions focused their attention on
the same response category. Fur;hermore, thelreéponse
cétegory focuséd en for 'each rule is that Which can be
described with the least complex logical statement. The
rule difficulty and category focus findinés were inter-
preted as indicating that_the logigal structure of con-
ceptﬁal rules determines the'directioq of eategory focus
during rule learning, aﬁd that différing fypes of response
category labels will either inhibit or facilitate single
cateéory focusing stragpgies. These fiﬁdings also provide
support for the notion that tﬁe logical complexity of the
responéé category focused on is a central determinant of
~ »

the difficulty with which conceptual rules are learned.

ii >
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CHAPTER 1 - I

INTRODUCTION

«f

The purpose of the research repofted here was Eo‘.
teet an explenation of diffe;eqpes in the ease of con-
ceptuel”rule.learning. Early explanations of the rule.
d%féi@§l${/effect were based either on notions of logical
complexa&y (Nefsser & Weene, 1962) or so—called 'focusing'
solution strategies (Bourne & Guy, 1968b; Glambra, 1974;
Peters & Denny, 1971; Seggie, 1969). Both-the logical
complexlty adaﬁfbcu51ng hypotheses fail as comglete
accounts of’ the rule difficulty effect (Bourne, 1970).

An inference-violation model proposed by Bourne
(Be:rne, 1974; Salates & Bourne, 1974) has as a eentral
postulate that, due to cultural factors, subjects are

more familiar with, or praeticed in dealing with a verf
simple concept rule, the coﬁjunction (Bruner,_Goodnow &
Austin, 1956). The model quantifies.deviations‘of other
rules from the'coejunctien, successfully'predieting the ‘M\
rule difficulty hierarchy. ' '

The model also makes the assumption that subjects
attend equally to every Stimulue. Research in this area
has demonstrated, however, that the labels applied to
eategories of stimuli in'rule'leafning experiments have

an effect on whether the subjects will focus on the posi-

1

(]
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" Weene, 1962).

LAY

2

‘l97l:\geggie, lQGQ);'”Fufthermore, there is an infer-

ential baéis for postulating that the cqmﬁiexity of the
stimulus category focused on;“aﬁd therefore fhe subject-
generated descriptive rule, contributes to rui; difficulty
(Haygoodmk Devine, 1967; Hovland‘& Weiss, 1953; Neisser &

>

The present study attempted to determine if focus

-on different categories does affect the difficulty of

. ) .
conceptual rules. The difficulty of each:of four rules

i

was expected to differ depending on whiqﬁ stimulus categ-,

ory was focussed on. 1In addition, the’direction of focus
- P
was assessed by two independent tegpﬁiques.

-

~ -~

P
In this introductory chapte#\definitions,and con-

cepts uningffo the study‘of conc'ptual rule learning

will be presented along with an h'sifrical review of

basic research findings in congept dttainment. Explan-

‘ations of the rule difficulty gffg:; will be reviewed,

+

including a detailed presentation.of Bourne's inference-
violation model. Research supporting an alternative
explanation will be discussed, followed by a plan and
rationale for an experiment designed to test hypotheses

derived from this research.
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The Expermmental Study of Concepts

. ,

The majorlty of researchpon human concaptual behav—
ior within the last two decades has concentrated on the.
analyéis of the acquisi£ion'and utilization of class
concepts. The popularlty of this type of concept is no

doubt largely due to 1ts relatmvely Smele structure, and

high rate of occurence in everyday life. . ,

A clasg‘conéept partitions a stimulus universe on
the basis of a rule and selected stimulus attributes.

Although with very complex concepts many stimulus dimens=

sions may be relevant, primarily only bldlmen51onal class

concepts have been used in research. .As the term implies,

only two stimulus dimensions, with one att;I;;;;\fﬁfgfeach

dimension, are relevant, while any number of irrelevant

dimensions may also be present in the stimulus set.

The most common and intuitively appropriéte partition-
ing of class toncepts is into the two categories of exem-
plars and non-exemplars (interchangeably terﬁed'positive
qnd negative examples) of the concept. For example,
given the concept of "red squa;e", a sﬁiﬁulus universe
may bé divided into two categories comprised(by‘red
square objects, which are exemplars, and objects tﬁat are
not red and square,‘which are non—exémplaxs. In this ex—,

ample, colour and form are the relevant dimensions, and

red and square are the relevant attributes for those di-

dy -
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- Neisser and Weene (1962) described eight possible
bidimensional rules, four of which are logical comple-
ment;qof the others. An exemplar of one of the prlmary
rules 1s a non- eﬁemplar of ltS complement, and vice-versa.
The four pm&mary rules, their complements, and some ‘illus-
tratlve examples are shown in Table 1.

In addltlon to the two response classes of exemplars

* and non-exemplars; Haygood and Bourne (1965) have des-

criLed four other classes bhased ﬁ%on pgesence (denoted
by B} and absence (deﬁoted by F) of the two‘;elevant
attrlbutes ’ Thus the four classes are: TT, both attri-
butes are present; TF and- FT, only one attribite is pre-

sent; FF; neither attribute 1sj§§asent. Depending on the

rule, each one of these truth-table categories (as they
"’ ~—

were so termed by Haygood & Bourne) may map into either
the positiveé or negative concept category, as is shown in

Table 1.

k]

Several aspects of conceptual behavior can be dis-

tinguished. Acqulsltlon or attalnment of a concept

refers to learnlng or dlscoverlng the rule and the rele—

" vant attributes which together constitute the concept.

Utilization of a concept refers to the classification of
stimuki}:ccording to the rule and the relevant attributes.

A generally accepted criterion for the acquisition of a
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. Table 1
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The Eight Bidimensional

’

-~ A Y .
- ® Conceptual Rules
s ' - AN ff
Rule # Truth-table Categories *'. Description
TT _TF FT " FF ’ '
) Primary Rules
Conjunction +. & - - - Red and square
Disjunction + + + - Red or square
-~ Conditional - + + if Red then
. Square { .
Biconditional + - - + Red if and only
. if square
) Complementary Ruies
Alternative
Denial - + + . + not Red or not
_|- ) neE, square
Joint . " ) not Red and
Denial - - - + not sguare
- A
Exclusion - + - - if Red then
not ,square
Exclusive not Red if an <
% Digjunctive - + + - only if not

square




concept is he successful utilization of that.cctcept
for some minimum number o%ﬁgﬁimulué‘categorizations.
fhree types of experimental'tasks have beepvdevised.
' to investigate concept acqu151t10n These different
tasks are dlstlngul *py the- aspects of the concept
-that ate unknown to the subject. _ f \
In an attribute identification task (al) , the subij®ct
is told the rule, and must discover the relevant attri-
butes. This task was widely used in early studies of
oncept’behav1or (Haygood - & Bourge,'1965), hlchﬂwere
concerned with the effects of variables such as the number
of relevant and .irrelevant stimulus dimensions (Walker &

Bourﬁé, 1961), the amount of intra-"and interdimensional

 variability (Battig & Bourne, 1961), and redundancy between -

a™

b]

dimensions’(Bourhe & Haygood, 1959). " ?
in a rule- learnlng task (RL) the subject isttold which
stlmulus attrlbu?oe are relevant, and must attempt to dls—
cover the rule. Haygood and Bourne (1965) were the flrst
inveﬁtigators to study the acquisition of different ‘rules
using this task. , ‘ y
A third task is complete learning (CL) in which

neither the relevant attributes nox the rule is known to

the subject, who must attempt to learn both.

tlgatlons of concept learnlng did not separate the Al and

'RL components of concept learning, and therefore fall into



N

this geneéél paradigm (e.g., Neisser & Weene, 1962).

With all of thése taﬁksxtwo methods of stimulus
presentation have been used. -These are called the selec-
tion‘and recepﬁ&on hethods, referring to whetﬁe¥'thé_'

subjecfé or the experimenter determine the order in which ,

stimili are selecpéﬂ and gategorized.

-

Rule Learning

-#Haygooﬁﬁand Bourne (1965) haye stated that an assump-

ing research on attribute identification is

that the effect 'aﬁ}qél nder study would be
the same regardleés of the rulg in force. Some available
experimental evidence suggested, however, that under cer-
tain‘conditiohs, different éonéeptﬁal rules differed in
difficulty (e.g., Conant & Trabasso, 1964; Neisser &
Weene, 1962; SPeperd, Hévland k Jenkins, lQﬁl}l

For example, Neisser and Weene (1962) have shown
that within a CL task concep;s with the mos% complex
rules, the biconditional and exclusivé disjunction,
were more qifficult to learn than less coﬁplgx rules
such as conjunctions and disjuﬁctioqs. Haygood and
Bourne (1965) concluded on the basis of this preliminary
evi&ence that type of rule per se was a variable worthy

of interest.

Haygood and Bourne therefore conducted a study*in



-

,which four groups of sdbjects each solVed fiye'sdhcessive
RL problems with the éame rule, but a different pair of

~relevant attributes for each problen. - Each grouﬁwﬁas

given a-different rule; either the conjunctive, disjunc:
tive, joiﬁt'deniai or conditional. The stimulus universe
in this'study, as in subsegquent stud;es in this area, was
composed of coloured geometric desiéns which varied on

four, three-valued dimensions (shape, colour, number and
size). 7 |

The results showed that thé four rules differed in
difficulty, in the order of conjunction ¢ disjunctiqﬂ <
joint dénial = conditiohal, from leaéflto mosp difficult,
as measured by the total number of errors to solution.

-Subsequent researxch by ﬁburne and other investigators.
has confirmed'the ekxistence of a rule difficulty effect in
RL tasks, and has also established a stable hierarcﬁy of
difficulty. Bourne and Guy (1968a, 1968b) found the order
of conjunction < disjunction < conditional < bicondition-
al, from least to most difficult. Examplés of replications
of the order stated above are recent studies by Salatas
and Bourne (1974) and Neuman (1374). \

These initial findings of differential rule diffic-
‘ulty were all made using the reception method of stimulus
,pfesentation. Using the selection method, Giambra (1570)

found that the conditional rule was more difficult than

h J
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the‘biconditidnal, suggesting tﬁgt the generality of the

rule difficulty effect is limited. However, Sawyer and

Johnson (1971) noted that Giambra's RL task differed
from others ip.that‘an e&émplé of the rule to be learned
was provided to the subjetts-before'the task proper.

They propoééd_phat-this depaffure from standard RL in-

‘structions. could aqcount-for’the'discrepancy between

. Previous findings and Giambra's. Sawyer and Johnson con~-

aucted a stuéy in which standard RL instructions were

given to 'subjects learning eiLher the conditionéi or

bicondiﬁional rule under either reception or gelection

conditions. They reported finding that the conditional
'

was less difficult than the biconditional under bhoth

presentation conditions (Sawyer & Johnson, 1971).

Explanations of Rule Difficulty

P

Early formulations. An S-R explanation based on

the premise £hat subjects learn associations betwegn
individual stimuli and the correct response category has
been shown to be inadequate by Bourpe (1970). Since
subjects would have to make the same number of assoc-
iations for each rule, when stimulus universes are the
same sif%e, the rules shoulé‘be equivalent in difficulty,
as shown in Table 2. . |

~—

Neisser and Weene (1962) described rules as being

a



Table 2

Predicted and Actual Rule Difficulty

Basis of pfediction

Predicted-dutcoma

S - R

.Structurai‘comp;gxity

(Neissér & Weene, 1962)
Positive category focus

Smaller category focus

" Inference-violation
LY

Cj =Dj =cd = B4

C) = Dj = cd < B4

Cj < Dj = Bd < Cd

Cj < Cd < Dj = Bd

" Cj < Dj < ¢d < B

Empiriéal order

Cj < Dj < €d < Bd

8
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oréereé Hiera}chicaily iﬁ terms of increasingly éomplex
'1dgigal struct&ré. On the_loﬁest level are unidimensional
rules which speci?y mgrel& the presence or absence .of éne'“
criterial attribute. Such rules use the iogiballgperators
of affirmation and nega£iqﬁ. Level two ruies are bidimen-
s%onal rélations_using'one logical opeiator?frém'the set
and, 25;‘££, in combination with the éffirmééion and neg-~
ation operators. Level three rules are those with more |
‘tﬁan one felatiﬁnal opeiator.l . .

. Néisser and Weene ﬁfédicted that as rule complexity
increased,-éo would relative acquisition difficulty.
This hypothesis did not predict, however, the observéd
differenceé in difficulty betw;en the level two ruleg
(Conjunction, Disjunction énd Conditional) as shown in
Table 2.

, An alternate hypothesis is derived from work by
Smoke (1933)- and Bruner, Goodnow and Austin (1956).
Subjects solving concept problems appear to attend to
and learn more from positive instances of the concept.
Neumann (1974) has commented that the response labels
typically used in RL research (e.g., positive/negative,
yes/no} have a strong natural ordering which may direct
a subject's attention towards the positive category.

The hypothesis proposes that subjects focus their atten-

tion on the positive category, fofmulate a classification
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12 ¢
rule descriﬁtivé of that category, and assign other stiﬁ—‘
uli to'the negative category by default. Rules_which have
a smaller proportion of étimul;”in the positive category,
such as thé'cohjunctiqn, should be lé;s difficult to learn
than those with.large positive categories. Ordering‘yhe
four primary rules 5} sizé of the posipive Category yields"
the hierarchy shown in Table 2. Clearly, this model'also.
”;cannot account for the empirical rule difficulty hierarchy.

Haygood and‘Bourﬁg (1965), a&g Bourne and Guy (1968b)
suggested that subjects may favof the smaller and moré
homogeneous cétegory, whether positive or negative, Theg’
maintained, however, that a strong bias for positivé'focus-
ing would predominate when differences in category siz
wére small, as is the case for the -disjunction. Thé/gZder‘
of rule difficuity predicted by the smaller-category focus

model is also shown in Table 2, again being inconsistent
.. .

with the empirical findings.

The inferéhce v;olation model.. In their lengthy
analysis of concept learning, Bruner, Goodnow and Austin
(1956) proposed that extra-experimental experience was a
strong determinént of concept diffipulty. They noted

unctive relation-

that, at least within Western culture, }the predominant
experience of individuals was with conj

ships. They hypothesized that subjects would be relatively

unfamiliar with other concepts 4 and would in fact initially
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assume that'a éiyen problem'woulqﬁ;eqpire a.coﬁjﬁnctivg
sqintion. Bourﬂe and Guy (1968b) proposed that this con-
junctive biasain fact determined rule éifficulty. In an
analysis of error distributions acrosﬁ truth-table stim-
ulus categorles, they found that greater numbers of
errors occured when conjunctive aSSumptlons were contra—

"dicted by the correct assignment of a stlmulus Bourne
and -Guy described nalvg‘subjects as finding it most nat-
ural, .or easiest; to categérize stimuli in the following
manner: TT instances with the pésitive category, FF
instances with the negative category, and TF and FT in-
stances in the same caEeéory, with a preference for
assigning them to the negative category. This character-
ization of_naive subjécts' preferences for categorizing
stimuli amounts to the Eonjﬁnctiverrule.

Bourne ﬁas gone ogvto—expand this reasoning into a
model\of bidimensional rule difficulty {Bourne, 1974;
Salatas & Bourne, 1974). A previous model proposed by
Sawyer (1972) is used by Salatas and Bourne (1974) as
addltlonal basis for the model. Salatas and Bourne have
proposed that four generallzed assumptlons or 1nferences.
are held by naive subjects fo; the categorization of
stlmull (A} TT instances will be placed in the positive

category, (B) FF instances will be placed in the negative

category; (C) TF and FT &nstances will be placed in the

EAPELE
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'samg category as FF's (D) TT and FF stimuli will be
-plaCea in diffeient categories.‘

‘n'Salatas and Bourne described these assumption? as™
initial sﬁbject states or processes_govérning the résponse‘
to any stiﬁulus. In order to predict the difficu;py of -
any rule, Salétas and Bourne proposed a calculation;l .
scheme in which each violation of any of the assumptions
results in an increment in rule difficulty. They further
proposed that the increment be equal %o the number of
unique st;muli-yhose correc% category‘assignment violated
'any of the assumptions. They also,assumed that a violation
of (Df would increase the difficulty of a rule by an arbi-
trary factor of 2. \ |

By this scheme, the difficulty valﬁe of the conjunc-
tivelrule is zero, as no assumptions.are viclated. For a
four-dimensional stimulus universe, with three values péf
dimension, the difficulty of the conditional rule is 124,
which is reached in the following manner s four stimuli
violate assumption (B), in that Ff instances are assigned
to the pbsitive éategory; two TF stimuli are assigned to
the negative category, in violation of (C): and lastly,
assumption (D) is violated by the assignment of FF stimuli
to the poéitive category along with TT stimuli, resulting
in a magnification of the difficulty value of 6 by the

arbitrary factor of 2, yielding a total rule difficulty
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Di.fficulty values for all eight'bidimehsionél rules -
were -calculated, yield}ng the, predicted order ;f diffic-

ulty of conjunction, disjunction, élternative denial,.

‘ . . -~ . LR . .
exclusion, joint denial, exclusive disjunction, condi-

tiopal, and biconditiondl. Using a standard RL paradigm,

_~Salatas and Bourne tested the difficulty-of the eight

rules, finding that the predicted order of difficulty was
confirmed, exceﬁf for.a reversal of the order for the
excluéion/alternative aéﬁial and joint denial/exclusive
disjunction. Additional support for the model came from
"an analys%s of errors when grouped by inference violat-

ions. Significantly more errors were made when an infer-

ence was violated than when not. 8Salatas and Bourne also‘

found that for théﬁbondiﬁional, bicomrditional and their
cdﬁplemgnts, the exclusive and exglusive disﬁunction,
those truth-table cétégories predicteé by the model fo
be most difficult contained significantly more errors’
than those classes predictéE/EB be easier. . R

| Other support for the model comes frd;i; study by
Neuman (1974) who ohtained precisely{%he order of rule
'difﬁicul?y predicted by Salatas and Bourne, buﬁegﬁly
afte? giving subjects truth—table pretraining designed

to facilitate rule learning.
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Analysis'and Critique

' The inferencé;éiolation model ?rovides a scheme
for assigning difficulty weights to truth-table classes
of stimuli. This scheme rests, however, on three p,“

assumptions: first, tHat naive rule-learning subjects

do attempt to map a conjunctive “onto the problem

they are trying to solve; second, at gvery stimulus is

Ay

attended to equally; and third, that Both relevant dimen-
. * . Q
sions are attended to equally. E idehAce against the first

of the.assumptions would be the le amaging to the )
model, since the setpof inferences.is easily modified to
accomodate any solution bias. The laftter two are however
more crucial components of the model, predicting respect-
ively tha£ stimuli from both response classes can result
in increments of_rﬁle difficulty, and that subﬁects are
aware of the truth-value of bgth relevant attributes ex-
hibited by a stimulus when assigning it to one or the
oéher response category. if evidenge against either or
poth of these assumptions can be found, a major revision
of the model would be required.

The purpose of this section is to review research
findings bearing on all three of the assumptions statéd
above. A revision of the pre-solution bias assumption
of the model has been found to be necessary., and proposéé

b

by Reznick and Richman (1976). A substantial body of "
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:esearch supports the contention that. category focusing

[

:ﬁoes occur, although the factors governing énd the ef-
fects resulting from foéﬁéing are unclear.. Fiﬁally,
Iunidimenéional attention has béen repofteq to be‘a major
cause of errors in conceptual rulé learning,

> Presolution bias. Dominowski and Wetherick (1976)

assessed the bresolution bias of subjects by asking them
. r
to classify all stimuli generated by two tri-valued di-

mensions after being told the relevant gttributes, but
before any informative feedback had beg} given. They
report that about 16 percent of subjeéﬁs.demonstrated a
v

conjunctive Bias, while 58 percent classified tﬁe stimuli
accordiﬁg to a disjunctive rule. The réﬁaining subjects
used either an affirmative (6%) or non—éystematic (20%)
rule. Reznick and Richman (1976) confirmed that a sub-
stantial proportion of subjects démonstrate disjunctive
bias. They proposed. that inference C of Bourne's model,
which reads "TF and FT instances will be placed in the
same category as FF instances", be changed to "TF and FT
instances will be placed in the positive category". Rule
difficulty values can then be computed substituting this
new inference, C'. “ |

Successful use of the infgrence—violation model
depends, therefore, on first determiningrthe p;ecise
presolution bias held by paive learners, since no one

’ -

-
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.bias is demonstratedlto the exclusion of others.

. substantial body of research indicates that category

-

Category focus. In an earlier sectiomn, cétegory

focus models of rule learning were found to be inadequate

explanations of cdnceptual rule difficulty. However, a

-

focusing cannot be ignored as a relevant variable affect-

ing rule learning. This literature can be divide&ﬁinto
three parts, addregsing the quesﬁions of 1)‘the relative
informational value ofldifferent types of stiﬁuli, 2) what
variables determine focusing, and 3) the effects of foéus;
ing on subjects' final classification rules.

Stimulqs informa%ional valug: Following Smoke's
(1933) finding that an increased proportion of positive
instances facilifated concept acquisitioh, Hovland and '
Weiss (1953) attempted to determine if the information
concerning the concept transmitted by positive and neg-
ative instances is equally well assimilated or utilized
by concept learners. When series of positive or negative
stimgli were eéuated for informational value (each series
contéined the minimum information f£or solution of the
concept} , conjunctive problems were more easily solved
with a positive series. A mixture'of positive and neg-
ative stimuli was intermediate in difficulty between
positive only and negative only series.

Haygood and Devine (1967) varied the proportion of

positive [p(+)] and TT [p(TT)] stimuli with disjunctive

S

: | _
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g

and biconditional contepts in an RL paradigm, finding

that increasing p(%&) fécilitatea léarning of‘ﬁoth )
concepts. Increasing p{+), however, had insignificant
effects on the difficulty of the rules. . Hayéood apd
Devine stated that the findigé made with increasiné p(TT)“

was unexpébted, since these stimuli embody both relevant

- stimuli ywhich in the RL pafadigm are named for the sub-

jects. They. speculated that_increased exposure to TT
stimuli ﬁight facilitate ac@ﬁisition of a truth-table
stimulus encoding étrategy. An alternative explanation

is that increasing p(TT) serves only to increase the

total number of s ; i w;rhich a subje&: learns to class-
ify correctiy very early, ﬁhus reducing the total ﬁumbe{
of efrors in an artifactual manner.

Bourne and Guy (1968L) presented ‘subjects with
series of positive-only, negative-only, or, mjked positive

and negative stimuli in an RL paradigm with the conjunct-

ive, disjunctive and conditional rules. Bourne and Guy

' hypothesized that.rules would be easiest to learn when

stimuli from the smaller and more homogeneous'catego;y
were presented. They found; however, that acguisition
of all three rules was least difficult in the mixed pos-
itive/negative condition. Contrary to expeﬁtation, rules
were next most difficult when stimuli from.the larger

and more homogeneous category were presented. For ex—
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| B ample, the coenditional rule as least dlffapult to learn

in the mixed p051t1ve/negat1ve condltlon, followed‘by the
negative-only condition and the positive—gnl§ condition

in increasing order of difficulty, respectively. oOne

that the relatlve utility of positive andg" negative stimyli
is dependant on the rule being learned. o

Bourne and Guy's resultsg may also be an artifact of
their testing procedure. Suhjects were presented with
cycles of training and test stimuli, Training stimulji

were drawn from one or both categories, ang were followed

o
I

by informative feedback. Test stimuli were from both
categories; and were not followed b? feedback. Errors
made in classifying test stimuli serveqd as the dependant
measure of rule dlfflculty It is possible that test
stimulus errors reflect unfamlllarlty with. stimuli not
Present in the training series. As there would be fewer
of these novel stimuli in conditions where training serles
wWere composed of stimuli from the larger and More hetero—
geéneous category, fewer errors vould be committed. When
training stlmull were from the smaller and more homogeneous
category, a greater number of errors would be expected with
test stimuli. . -
" while reeearch on stimulus informational value has
not yvielded any clear findinés, it appears te be appro-

l
C
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Lh’/priate to suggest that the difficulty‘withiwhich.a single
category is learned, as with conceptual rules, may be
dependant on the cgmplexity of the structure of that
category.‘ One way in which the complexiﬁy of the.struc-
ture of a category can be operationally defined is in
terms of the statement necessary to describe the category.
One obvioue_component of the complekity of a_logical-
statement is the number of texms it incefporates. .“Term"
in the sense it is used here may be thought of as an
lelement which in the present case would be an attribute
name. A more parsmmonlous statement is less complex than
.a 1ong, exheestlve list of category elements. Another
component of complexity is the dlfflculty of the logical
operators relating stimulus elements. Some operators,
such as affirmation, may be less dlfflcult to work w1th
by virtue of greater familiarity than others, such as the
conditional, if. Finally, a second aspect of parsimony,
homogeneity, can differentiate logically eguivalent
statements. Those statemenfs incorporating fewer differ—
ent operators are less complex than less homogeneous
statements.
) Determinants of focusing: Several studies have
examined the effect of response category labels on rule
learning, suggesting that the positive/negative, yes/no

type of labels that have typically been used have a
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strong ﬁafural ordering, or‘conquative mganing which. E
directs subjects' attentioﬁ tqwérds one iesponse éategor&.
Seggie (1969) presentéd conjunctive and disjunctive o
problems in a CL paradigm:with two—dimensibnal stimuli.
While he réplicated the well established finding that

- & .
the conjunctive rule is less difficult than the disjunctive,

with standard response labels, he found “the two concepts

to be equivalent in difficﬁlty when neutral labels were

used. Seggie proposed that subjects learning the con-
junctive concept with connotative labels focused on the
positive CAtegoryy therefore not learning the complete
struéture of “the éonceptﬂ He fou?zﬁiagfﬂzhese subjects
were unaware of the complement of e conjuncgion, the
alternative denial rule, whereas subjects learning the
conjunctive with neutral labels were. Seggie aséﬁﬁgg
that neutral labels precluded focusing, thereby foréing
subjects to learn about both categories. Another possi-
bifity is‘ghat'neutral labels allow subjects to focus on
the negative category, thereby learniné about the struc-
ture of the complement rule.

Peters and Denny (1971) reasoned that the greater
difficulty of the biconditional rule compared to the
conditional was due to conditional rule learners focusing

on the negative category. They compared the difficulty

of these two rules under neutral labelling and connotative

-
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labelling conditions. They predicted that the neutrai
labelling condition wouid result‘iqisnbjects focusing on
qfhe negative éategory of-both rules, while sﬁbjects in
the conpotative labelling conditibn were expected to
focus on the positiYe category. To encdu;age category
focus, subjeﬁts were asked to write a soiution hypothesis
after each stimulus pregsentation. They found that with
the strong connotative labelling condition, the‘condition-
al rule was more diffic;lt than the biconditional. In
the neutral labelling condition, the opposiéé order of
difficulty was obtained. Subjects' criterion hypotheses
in the connotative labelling groups were phrased in t%FmS'
of the pasitive éategory. Subjects in the neutral label-
ling groups préaominately stated hypotheses phrased in
terms of both categories. ‘Peﬁers and Denny interpreted
" their findings as béiﬁg supportive of a category focus
hypothesis, concluding that under typical connotative
labelling conditions subjects may choose to focus on
either category, whichever is the least‘complek.

In a similar study, Gottwald (1971lb) found that
connotative labels facili#ate_biconditional rule legrn-
ing compared to a neutral labelling condition, concluding
as well that neutral labels force subjects to learn about

both categories. Giambra (1974) replicated Seggie's ,//

study, using more complex stimulus dimensions. He found
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that neutrél labels increased the &ifficulty of;the con-
junction, .but hot to the level of difficulty of the éig-
junction, as gound by.Seggie (1969).' Giambra's findings"
are nonetheléss consistent with Seggie's originél infer—
ence of category focusing occuriqg with connotative labels.

Finally, Neumann‘(1974[bstuéied rule learning with
all eight concep;ual rules, under neutral and connotative
labelling conditiohs. He found rules learned with neutral
labels to be int?fmediate in difficﬁlty between the primary
© and complementary forms of the rule learned with connotat;‘

ive labels. Neumann's findings replicate those of Seggie

co sistént with those of Peters and Denny {(1971) and
téwald {1971b) in that he found the biconditional to be
less difficult under neutral labelling conditions than
under connotative labelling conditions. It is difficult
to judge the significance‘of this discrepancy, since
Neumann proyided some pretraining for his subjects not
usually given in standard RL experiments.

In sumpary, research on the effects of category labels
on rule difflculty provides support for the existence of
category foclsing strategies occuring with connotative

labels.

Subject-generated rules: The final body of research
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to be discussed here consists of analyses of subjects'
$c1§ssification rules, when formulated underscond;tions'
favoring category focusing. |
I Recall that Peters and Denny'(197i) found that the **
hypotheses of subjects in connotative labelling ‘conditions
were fréﬁed.in terms of the positive category; For simple”ﬁ
conjunctions and disjunctions, one would expect these
hypotheses to consist of conjunctive and disjunctive
statements, although Peters and Denny do‘ﬁbﬁ report on
this. -Gottwald (197la) replicated Peters and Dénny‘s
findings concerning focus category, and also found that
subject—generated rules, while correct, were descriptive
of the focus category. Subjects learhing the biconditional
rule stated hypotheses which were either a conjunction of
conjunctions (describing the positive category), or an

exclusiye disjuncti¢n (describiﬁg the negative category).

ottwald and Swaine (1974) tested the
efficieﬁcy or ease with which subjects utilized subject-
generated rules (double conjunction and exclusive dis-
junction)} or an experimenter—generated rule (the bicon-
ditional), all of which result in the same stimulus
universe partitioning, using aﬁ AT task. Subjects fountd
the positive-category double disjunction significantly
easier to work with than the other two rules.

In conclusion, it seems that a focusing strategy
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can result in effLCLent learnlng of a classification
- rule prlmarlly descriptive of the focus category The
more complex-that category is, the more d;fflcult it

will be for ageubject‘to,arrive at a correct rule.

-Uniqimensional attention. An experiment conducted
by Saw;é;~(1972) provides evidence that in addition to
focusing on one response eategery, subjects also fepus
on one stimulus dimensien dering the ieitial stages 5£'
concept learning. He presented a series. of four stimuli
varying on two dimensions of two values each, and rein-
forced only the firsttstimulus. Reinforcement was ac-
compllshed by telling subjects thatthe first stimulus
WES pOSlthe, making lt the TT stimulus. The ‘other three
stlmull served as non—relnforced test stlmull, belng
termed TF, FT or FF depending on which attributes each
had in common with the TT % imulus. By computing the
p;obabilities of assignment of each of the test stimuli
+o either the same response category as the TT stimulus,
or to the other iesponse category, he was able to show
that subjects compared each test stimulus with the TT
stimulus _on one dimension to determine ehe categoxry
assignment of the test stimulus. If the compared dimension
exhibited the same value for both stimuli, then the test
stimulus was assigned to the same category as the TT stim-

ulus. If the two stimuli differed on the compared dimen-

4
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mensionh~£hegbiﬁe test stimulus was agéiéned fo the. other
category. When two st%muli were reinforced for assignment

~to oﬁgjpategory, or to diffeient‘categories, the pattern -
of resuiEﬁ becéﬁes‘evén.more clear. For example, if TT
and TF were assigned to category i by reinforcement, then
subjects showed a strong tendé;cy to place FT and FF -stim-
u%i in cateéory 2, indicating attention to the-first di- .
mension. When ?T was assigned to ‘category 1 an§ TF to
category 2, subjects showed a strong tendency Fé'assign
FT to category 1 and FF to category 2, indicating attention
to the second dimension.

Sawyer concluded that the primarf ‘source of errors

in rule learning lies i;bsubjectsrinc;rrectly pfacing
étimuli having common values on one-dimension in the same

response category.

The Present Study

In the precééhing review, studies were discussed which
have sﬁowp that category focusing igrelated to the use of
\bonnotative category labels. Thé effect of connotaﬁive
labels appeaxrs to be that of directing a subject's atten-

tion . towards the positive category of stimuli.! Focusing:
-~

1As an exception, Peters and.Denny have suggested that
subjects learning the conditional rule with connotative

labels focus on the negative category.
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based explanatlons of the rule difficulty- effect hypo~

thesize that size of the focus category, as measured by
the number of truth-table classes, or the number of stim—.
uli in the focus category, affects rule dlfflculty

The existence of’ fosuslng has been inferred in three
different ways. from post-acquisition knowledge of |
complement rules (Seggie, 1969), changes in the difficulty
of rules wben neutral labels are used (glambra, 1974;
Gottwald, 1971b; Peters & Denny, 1971; Seggie, 1969) and
from the category (ies) mentioned by subjects in post-
acquisition verbal sﬁatements {Gottwald, 1l97La; Peéers &
Denny, 1971); The effect of neutral labels.has been.
assumed by various authors to be either that oflforcing
subjects to learn about both categories, or allowing
them Ff focus on the smaller category. The most direct
evidence bearing on this question comes from Peters and
penny (1971), indicating that subjects using neutral
labels focus on both categories.

To date, no research has directly compared the ef-
fects of focus on either the positive or negative categ-
ories on the difficulty of the four primary rules. Ther
present study attempted such a comparison in orxder to
establisg whether differences in the sise or complexity
of focus categories affect rule difficulty. In addition,

an attempt was made to determine the extent and direction
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of focu31no with connotatlve and neutral labels.

In an attempt to produce p051t1ve and negatlve cat;
egory focu;zng, subjects were: requlred to classmfy only
posxtlve or only negative exemplars of a concept. Sub—
Jjects were_provideo with only one response category.,
while being presented with a series of stimuli for both
categories. This technique avoids the erxror made by
Bourne and Guy (1968b) )} who pnesented stimuli frthonly
one category,vthereby c “ng' g-the nature of the task to
the degree that generalizat?oneito'more typical‘RL studies
become tenuous.

: The two methods for inferring category focus planned
for the present study~were analyses of: 1) subjects
post-acquisition verbal statements, and 2) the relatlve
number of errors made in the pogitive and negative oateg-
oties. At the end of the experiment;.subjects were to be..

‘ T ;
asked to write down a rule describing hon tney had clas-
sified as expressing focus on that category. Those mention-

ing both or no categories would be classified as expressing

no focus. For the second measure of focus, it was reasoned

. that subjects would make fewer errors in the focus categ-

ory than in the non-focus category. The generalization
can be made from Sawyer's (1972) findings that if subjects
have focused on one response category, they will make

.errors by incorrectly aesigning stimuli from the non-focus

J
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cgteggry to the focus category, when a non-focus étimulps

shares a value in common with one of the focus category.

stimuli. In other words, most errors will be made with

truth-table classés of stimuli from the non-focus categ-

ory which share a value in common with any stimulus in the

focus category. It should be possible, therefore, to

determine which cétegory a subject focﬁsed on by‘compéring
the proportions 6f errors made in the two categories. The
category with thg smaller proportibn of errors should be
the focus category. For example, consider the conjunctive
rule. If a subject focuses on thélpoéi ive category, con-
taining the TT stimulus class, errors ghould be made by
misassigning TF and FT stimuli to the pesitive category,
as'each displays one attribute in.common with the TT

stimulus. By comparing the percentage of errors in each

response categlry, the problem of unequal numbers of stim-

uli in each of the truth-table categories is overcome.

Hypotheses.

positive-only and negd

It was predicted that subjects in the

ive-only conditions would focus
on the positive and negati response categories, respect-
ively. From the research showing that positive category
focus;ng was related to the use of connotative labels,

it was hypothesized that subjects learning rules in the

connotative labelling condition would focus on the posi-

tive category, except for those learning the conditional
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rule. “These lattef gubjegps Qére expected to focus on
the negative category: as found by Peters and Denny
{(1971). Also on ﬁhe basis of findings made by Peters
and Denny, it was predicted that subjects iﬂ-the neutral
labelling conditionigould fgcus on both categories.

On the basis of the supposition made by many authors

that the size, or cdmpiexit of the focus category affects

rule difficulty, it was hy othesized that in the present
research rules would he less diffiéult to learn when the
smaller and less complex catego was focused on. While
the two studies by HJ;:ood and eviﬁé?%lQG?), and Bourne
and”Guy (1968b) reviewed earlier faile@529>supp;rt this
hypothesis, it was felt that the desigﬂ of the present
research would constituﬁe a;more appropriate test of the
hypothesis. In the present &tudy, size and complexity
of the focds'category was determined by counting the
number of stimuli, and the number of truth-table classes
of stimuli in each category. For each rule, therefore,
difficulty of acquisi%ion was predicted to be related to
labelling condition (positive-only, negative—oniy, con-
notative or ngufiall.

For the conjunctive rule, the positive?onlyland

connotative labelling conditions should result in focus

on the smaller and less complex positive categofy, and

-

should therefore be less difficult than the negative-only

L}

-~



S

FERELT Ty o

(S

32
candition, where| focus on the larger and more‘complex'
category should loccur. ~All threé‘of'these"conéitions
should bev less difficult than the neutral labelling con-
dition, where éubjects should focus on both categories.
For the aisjunctive rule, the negative category is'the_

smaller and less complex, so the negative-only condition

should be less difficult than the positive-only and con-

notative conditions, where subjects should focus on the
ﬁbsiﬁive category. Again the neutral condition was pre-.
dicted to be'the most difficult. For the conditional
rule, the negative-only condigion was predicted to be
lesé difficult, és the negative category is the. smaller
and less complex. For this rule, ¢onnotative l?bels
were predicted to be associated with negative category

focusing, so the connotative labelling condition should

. be equivalent in difficulty to the negative-only condi- '

tion. Next in predicted difficulty the positive-only
condition, predicted to be associated with focus on the
larger positive category, followed by the neutral condi-
tion. Finally for the biconditional rule, the negative-
only condition was predicted to be the least difficult,
followed by the positive-only and connotative conditions
where positive focus was predicted to oécur. Again, the
neutral labelling condition was predicted to he most

.
difficult. These predictions are summarized in Table 3.
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Table 3

Predicted Order of Difficulty’ of Labeliing

conflitions! for the Four Rule Conditions

Category Size?

Rule Positive Negative " Order

C3 4 27 Pos = Con < Neg < Neu
Dj 18 13 Neg < Pos = Con < Neu
cda 24 7 Neg = Con < Pos < Neu

Bd .17 - 14 . Neg < Pos = Con < Neu

lrabelling conditions are abbreviated as
follows: Positive-only - Pos, Negative-only - Neg,

Connotative - Con, Neutral - Neu.

2category\size valuds are the sum of the
number of truth- ie c¥Yasses and the numher of

stimuli contained in each response category.

ke | 1
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A final set predictions made in the present re-
search.are deriV'g from Sawyer's (1972) research. As

described in the preceeding literature review, Sawyer

PR

concluded on the basis of his findings that subjeétg
attend to only one stimulus dimension during early stages

of rule learning, assigning stimuli to the positive or

v
N

negative responée categories on the basis of presence or
absence of one criterial attribute on the a;tended—to
éeminsion. If it is assumed that subjects attend as well
to oﬂly one response category, then it follows that this
criterial attribute will be selecte@ from those in fhe

cus category. One source of imprecisién in Sawyer's
model is that on basis is provide@ for predicting which of
the relevant dimensions will be attended to: it must
therefore be assumed that dimensions are selected randomly,
one-half of subjecté atteﬁding to one, one-half attending
to the other. On the basis of this extengidmd of.éawyér's
model it is possible to predict in which truth-table
classes of stimuli the majority of classification errors
will occur. These predictions are summarized in Table 4,
and were reached in the following mannér: for both posi-
tive aﬁd negative focusing strategies considgred independ-
antly, those stimuli in the non—facus category have a
value in common with one of the attributes in the focus

category, or those stimuli in the focus category not

L4
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Table 4

Predicted Relative Difficulty of

Truth-Table Categories

Positive Category Focus

Rule Truth-table category
TT TF FT . FF
Cj + -% ok o
Dj + +* +* -
cd ; - % ok
Bd T I S
.
Negative Category Focus
‘Rule Truth—ta?le category
T'T TF | T FF
Cj + —% . -
Dj + +* +* -
cd : +* - + +%
Bd 4 +* - -~ 4%
Note. Those categories marked with

a double asterisk (**)} are predicted

to be twice as diffigult as those

marked ,with one (%) .

35
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sharing common values on one dimension were predicted té
be those where most errors would occur. Those stimuli
‘having two attributes;meeting the criterigigust descfibed

were predictbd‘ﬁo be associated with twice as many errors

as those stimuli with only one attribute meeting the error-

criteria.



CHAPTER 11 . o {;}/
_ METHOD "
Subjeétsl

" Subjects were 96 underé&aduate‘students enrolled in
psychology courses at the University of Windsor. Ten
subjeéfs were replaced for failure to understand the in-
structions (9) or e§;ipment-failure (1) for a total‘of

106. Supplementary course credits ﬁerg.awarded-to each

subject for participating in the experiment.

Apparatus.

« The Generalized Learning Apparatus (GLA) described
by Cervin, Smith and Kabiscﬁ (1965) waé used to control
the presentation of stimuli and response.recording. The
GLA consists of six subject panels {48.26.cm x 35.56 cm)
connected to timing and relay circuits in an adjacent
room. The subject panels afe inclined at an angle of
about 30° towards the subject, and are separated by ver-
tical wooden partitions making it difficult'for any‘sub-
ject to cbserve the responses made bj an other subject.
The panels were arranged so that each was about 3 m away
from the st%pulus projectionlscréen. "

For the purpose of the present experiment, only a
blue warning light (6.3 V, blue jewel) centered at the
top of each panel, and two response buttons located near

37



F TR IR OTT o0

(W

the bottom left and right-hand corners were used. All

other butﬁons and lights as described by Cervin
(1965) wére covered with black tape. StimGliwére rear-
projected with a GAF Aﬁscoraﬂa auto-focusislide projéctor
on a translucent windo;‘separating&the contr om from
the subjeqt room. Both rcoms were kept at a lowered
level of illumination in order to ensure maximum visibil-.

ity of the stimulus image.

Stimuli
The stimuli: were geometric designs varying on three
tri-level dimensions of colour (red, yellow and blue),

form (star, triangle and circle), and number (1, 2 or 3

identical forms) prepared on 5 cm X 5 cm colour photo-

_graphic slides. The 27 possible combinations of all nine -

attributes were used to construct 16 stimulus sequences.
The stimulfus sequehce for each condition was constructed

randomly subject to the constraint that TT, TF, FT and

FF instances were represented in their natural proportions,

a l:2:2:4 ratio; respectively, within each subset of nine
stimﬁli, and therefore over the complete set of 27 stimuli
as well. Colour and form were the relevant dimensions

for all problems, and relevant attributes were randomly
distributed over the 16 problems with the constraint that

each of the relevant attributes were represented at least

once for each rule and labeling coa?itioh. The 16 stimulus

LY
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sequences used’ are presented in Appendix A.- Feedback
slides were prepared by hand lettering with pencil. on

Kodak Fktagraphic write-on slides.

Pr&gedure‘

The expefimental design can be described as two
separate 2 x 4 orthogonal designs. In the first, four
rules (conjunction, disjunction, conditional and bicon-
ditional) were combined orthogonally with twoisingle re-
sponse category conditions (positive-only and negative-
only). For these groups only one response button was
exposed, and was lapeled either "POSITIVE" or "NEGATIVE",

esponding to whether only positive or negative stimuli
wereN\to be responded to, respectively.

In éhe second, the same four rules were combined
orthogonally with two double response category conditions
(connotative and neutral response category labels). For
these groups two buttons were exposed. In the connotative

labels groups, the buttons were labeled "POSITIVE" and

_"NEGATiVE". In the neutral labels groups, the two buttons

were labeled "VEC" and "XAD". According to Neumann (1974)
these two trigrams have no connotative meaning which could
direct subjects' attention to one response category or the
other. ‘ :

The position of the "POSITIVE" and "NEGATIVE" or "VEC"

and "XAD" buttons was counterbalanced between the left and
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right-hand response Suﬁtons. For groups us%ng,heutral
labels, exemplar stimuli were classified aé‘"VEC" for
half of the subjects and "XAD" for the other half, a con-
trol for any“possible meaningfullness of these labels. “

The éxperiﬁental task required of all subjects con-
formed to the rule 1earning paradigm described by Haygood
and Bourne {1965). For all conditions, the stimulus
universe was described with the aid of a card showing
three stimulifdisplaying in combination all nine attri-
butes. Subjects were told their task.would be to qlassify
a series of stimuli according to an unknown conceptual
relationship between two ielevant attributés.

Subjects in the single responée category conditions
were told to press the button only when they detected a
o 3 stimulus from the catégory named By a printed label below
the button, and not to respond to other stimuli.

Subjects in the double response category conditions
were told to classify each stimulus by pressing one of
the two buttons available.td them. Printed labels below
the buttons indicated which button represented each cate-
gory.

The expeéimenter then inqu;red of all groups if the
é' -"  1instructions were understood, repeating the relevant
portions if they had not.. A file card with the names of

the relevant attributes printed on it was then placed on

FrTRFRET A
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each-subject‘s panél, and the room lights were dimmed.
Complete instructions to_sﬁbjects are presented in |
‘Appendix B. |

Fach trial began with the preéentaﬁion of a stimulus
and the blue warning lighfz After 5 seconds the.blue
light went off, signalliné the beginning of a 2 second
response interval. Oqu thos; reéponses‘which occurred
during this interval were scored aslcorrect or iﬁcorrect.
A failure to respond during this interval in the double
response category conditions was scqréd as an inco;rect
. response. At the ena of the responée interval, the stim-
ulus was replaced by a feedback slide which named the cor-
rect response caté&bry. In the case of the single response
cateﬁory conditions, ; blank slide followed a stimulus not
bglonging to the labeled category. The feedback interval
Iasted 5.5 seconds. Figure 1 illustratés the seqﬁ;nce of
events in a trial. |

Stimulus,presentations continued until a criterion
of 16 consecu&ivgly correct responses was reaéhed by every
subject participating in a session, or until 162 trials
had occurred. At the end of the session subjects were
. asked to write down the rule they had used to classify
the s+imuli. The experimenter examined each stateﬁéﬁ€/£o
determine if both relevant attributes were mentioned. If

a statement did not meet this criterion, that subject was
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. asked to write another‘incoggoraﬁing them. At this time,
subjecﬁs were also asked ifgﬁﬁey had not been able to
distinguish the colours ﬁf.the Stimuli,;had ever taken a
course in formal logic,'or“had ever Eeen in a similaf
experiment. No sﬁbjects responded affirmatively to any

of these guestions. R

C Six subjects participated simultaneously.in each
experimental éession. I1f fewer than six Subjecté appeared
. for a sessian, otHers'were recruited to participate at
anotﬂer”sesgion, under the conditions'spéc;fied“for the
deficient treatment group. ' The minimum number of subjects.’
parﬁicipaéing.in any session was two, in order té maintain
the group nature of the sessibns. If‘more than a total
of sixrsubjeéts were needed to meet this requirement, the
extra subjects were discarded at random. A total of ten
subjects were discarded for: this reason in the following
conditEZns: positive-conjunction, 2; connotative~conjunction,.
1; neutral-conjunction, l; negative-disjunction, 1; positive-
conditional, 1; connotative-conditional, 1; neutral-condi-
- tional, 1; positive-biconditional, 1; negative—biconditionaln

1.



CHAPTER 111

RESULTS

The results of the present study are preséﬁted below

in five major séctions._ In the first of these, an attempt
. | v ' .

was made to infer!subjects' presolution biases from their

. | .
initial .classifications of stimuli. Next, the difficulty

of acquisition of thg,f;ur rules was determined, and com-—
parisons of diffiqﬁ;ty between rule ‘and labelling condi-
tions were made. I# the third sgctioh, the presence and
direction of category focussiﬂg was examined, and the two
methods used for doing so were compared. In'addition, a
postfhoc test of the validity of Ehe assumptions under-
lying the second of these methods was carried out. In

the next section, the effects of rules and labels on the
complexity of subjects hypothesis statements are described.
In the final section, the distributions of classification -

errors within truth-table classes of stimuli werg‘comparea

across rule and focusing conditions.

Initial Response Bias

In order to assess the preexperiméntal solution bias
of each subject, the first categorization of each of the
four truth-table clasges of stimuli were classified by
the expressed rule. For example, a subject cétegorizing

these stimuli as: TT+, TF+, FT+, FF-, would be classified

A4
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as expressing a disjunctive bias. Howéver, this aésess—
ment qﬁ.bias was cdnfoupded by the experience of the
subject with oéﬁer reinforced stimuli, élthough only a
few (maximum of 8) reinforced trials would have occured.
These data must therefore be ipterpreted with considerable
caution. i

Table 5 shows the.frequency of each type of bias as a
function of label and rule condition.\ A large numbexr ﬁfw
subjects held affirmative biases, while a smaller number“;

held either a conjunctive or a disjunctive bias. The

apparently non-uniform distribution of these biases between

" rows shows that even at this early stage of learning, label

and rule condition had alréédy had some effect on subjects'

hypotheses for solution.

Rule Difficulty

The numbe; of classification errors made, and the trial
of last error served as two measures of rule difficulty.
1
Those subjects not meeting the learning criterion werg not

dfopped from‘the analysis. The trial of last error for

. these subjects does not therefore represent trial of acqui-

sition, but merely the trial on which they made their last.
classification error, allowing a possible maximum score of

le2,

The mean scores for each group are shown in Figures 2
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Figure 2. Mean Errors to Criterion for the Four
: Conceptual Rules as a Function of
Labelling Condition.
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and 3, illustrating the-eriors and trial of lost error
data respectively. Since the response requirementévof
tﬁo single and double :esponée category tasks are nof
equivaleng,-éuojécts'in these groups having either one
or.two"bottons to push, two separate analyses of variance

were done with each of the two dependant varlables Fach

of these four analyses took the form of a 2 (Label condi~

.tion X 4 (Rule condition) independant groups factorial

anolysis of variance (Winer, 1971).

For the errors to criterion data, tﬁo analysis of the
single category groups (Positive-only or Negative-only
labels) ‘showed only a significant effect of Rules (Table
6). For the doublé category groups (Connotative or |
Neutral labels) the analysis revealed a significant effect
of Rules, and of the Label by Rule interaction (fable f).

With the trial of last error data, analysis of the
single category groups also showed only a significant
effoct of Rules (Table 8). For the double category dgroups,
the findings were the same as those for the er;ors data.
The effects of both Rules, and the Labels by Rules intex-
action were significant (Table 9} . ‘

Multiple comparlsons between all totals were carried
out using the Tukey "A" procedure (Wlner, 1962) All of
the differences reported below were found to be signific-

ant at the .0l confidence level. "In the same manner as

|
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Figure 3. Mean Trial of Last Error for the Four
: Conceptual Rules as a Function of
Labelling Condition.
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” Table 6
. ' Summary of Analysis of Variance of
Errors to Criterion Data for ghe Single Category Groups
Source T S8 daf . MS v F P
Labels
(Pos or Neqg) 46.02 1 46 .02 .44 > .10
Rules 11,295.56 3 3,765.19 35.98 < .01
Label X Rule - 106.23 3 35.41 .34 > .10
error’ 4,186.17 40 104.65
Total 15,633.98 47
*
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Table 7 -
Summary of Analysis of Variance of.

Errors to Criterion Data for the Double Category Groups

Source ' SS af MS ' F P
Labels o '

(Con or Neuw)  1,250.52 1 1,250.52 2.34 > .10
Rules | 18,262.06 3 6,087.35 11.37 < .0L

Labels X Rules 11,501.9 3 3,833.97 7.16 ‘"< .05
error’ . 21,4;1.5 40 535.29

Total ) 52,425.98 47
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Table 8
Summary of Analysis of Variance of

Trial of Last Error Data for the Single Category Groups

Source Ss df Ms '. F P
Labels |

(Pos or Neg) 713.02 1 713.02° .86 > .10
Rules 101,058.73 3 33,686.24 40.51 < .0l
Labels X Rules 1,572.9 ' 3 524, 3 .63 > .10
error 33,265.83 40 831.65 ‘

4

Total 136,610.§§,AJ——‘f"'—'
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Table 9
Summary of Analysis of Variance of

Prial of Last Error Data for the Double‘cétegory”Groups

.Source‘- SS df MS | ¥ P
Labels .

{Con or Neu) - 243.0 1 243.0 10 > .10
Rules 60,139.17 3 20,046.39 8.23 < .01

Labels X Rules 38,931.5 3 12,977.17 5.33 < .01

error ' 97,471.33 40 2,436.78

v

Total 196,785.0 47

‘
‘e
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the analyses of variance, iﬁaepenagﬁp'seté'of comparisons
were made  for the‘sihgle cétegbry agg-double category \
gféu@s.‘ Where comparisons were ﬁade between the single
category and.double category groups, a pooled estimate
of error variance was derivgd from the two relevant
analyses of variance. Hartley's and Cochian's tests
(Wine;,1197lj showed that the assumption of homogeniety
of variance was not violated. (For the errors to c;iterion
data: Fmax = 3.35, k= 2, d§ =5, p»> .05; Cc= .77, b =2,
df =.5, p > .05. For the trial of last error data: Fmax =
1.43, k=2, dfE=5, p> .05, C= .59, k=2, daf =5, p>
.05.) | |
' The findings of the mﬁltiple comparisons were not
identical for the errors to criterion and trial of last
error data})and so are reported separately below. Tables
10 and 11 summarize the findings made with the errors to
criterion and trial of last error data, respectively. The
_complete get of comparisons may be found in Appendix D.

With the errors to criterion data, the neutral label-
ling condition differed in difficﬁlty from the Connotative
labelling condition Onkz;y;th the conditional rule,.where
Neutral labels were associated with significantly begFer
concept attainment. |

The Connotative, Positive-only and Negative-only

labelling conditions differed in difficulty only with the

e

-
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Table 10

. Summary of Tukey "A" Comparisons?

Between Cell Totals for Frroxrs to Criterion Data W»'

Total Errors

QE to Criterioh | Label Rule
T ° 143 CON ca
370 NEU | Bd

’ ’ T 247 - NEU . Bd
243 POS . cd

| 235 NEG .~ . cd
| 159 . wmv D3
109 | l NEU ca

82 POS Bd

70 . NEU Cj

A3 | NEG Bd

24 | POS . Dj

18 NEG i

13 - NEG « Dj

) 9 CON "Dy
8 g coﬁ' ci

1 7 POS S

leell totals not connected by a commen line are

o

_different with p < .0l.
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g . Table 11
 Summary of Tﬁkey "A" Comparisons!
Betwgen Cell Totals for Trial of Last Error\Data
- Total Trial

of Last Exror : Label " Rule

781 = - CcoN ca

* 726 POS © o ca

710 ' coN , Bd.

699 NEG . cd

T 629 NEU . Bd
1489 NEU : D3

320 ‘ NEU cd

260 : POS Bd

i 233 . NEU ' cj
98 L _ NEG Bd

. 65 v NEG cj

49 " CON ol
c 48 . pos ¢
40 o POS D3

32 con - D

l 27 NEG Dj
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biconéitional rule, this ;u;§ being signi?icantly less
difficult to learn with the Positive-only and.Negativé;
1Pnly l;ﬁéls. ”The Positiveéonly and Negative—only-label:{
ling cgﬁﬁltlons dld not differ in difficulty w1th1n rules.
In addition the Neutral labelling condition did not dlffer.
in difficulty“from the Positive-only pr-Negative—only
condl$10ns with, aﬁy rule.

_ As shown in Table 12, the conQitionai rule was'moré
difficult than thf conjungtion, disjunction and blcondl~
tlonal rules ln the SLngle category condltlons In the
g\ ‘ Connotatlve condltlon, “the blcondltlonal wag equ1valent
N in dlfflculty to the cond:l.t:l.onal, both of" these rules
being more_diffiCult than the conjunctive and ?isjunctive
ruleg.

;With.the'trial o last error data, no aifference was
found in the difficulty of thé Cdnnotgtive and Neutral
'labelling conditions with tﬁe confgitional rule, as was
found with the errors™data. With thé biconditional rule,
ohly the Negative-only condition was significantly less

. aiffs lt than the Connotative condition. As was found
with\jizw;?rqahdata, the Positive-only and Negative-only
. condition did not differ from each other or the Cognotative
condition within any rule.
The hierarchies of rule difficulty obtained with the

“rial of last error data (Table 12) were the same as those

" - ) 2 o,
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Table 1%

Hierarchies of Rule Difficulty

Errors Daqg

Labeliing Condition | | Oxder
Positive-only Cj =Dj =Bd < Ccd
Negative-only € =Dj = Bd < Cd
Connotative a {(Cj = Dj}). < (B4 = Ccd)
Neutral Cj = cd = Dj = Bd

Trial of Last Exror

Labelling Condition Order
Positive-only {(Dj = Cj = B4A) < (Bd = Cd)
Negative-only o Dj = Cj = Bd < Cd
Cbnnotaﬁive : (Dj = Cj) < (B4 = cd)
Neutral Cj = cd = Dj = Bd

. .

\

','{_J
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obtained with the errors data, except for the Positive-
only condition. Here the conditional rule was more diijhf‘\g;

Jﬁffgzcult'than only the dbnﬁunctioﬁ and disjunction.

The pattern of results evident in Figure 2 .and 3
suggest that the tw;‘51ngle ‘category conditions and the
Connotative labellinJ condition were related in thgir
effeqts'on rule difficulty. In support of this coﬁclus?f
ion, Pearson Product—Moment correlations fﬁays, 1863)

“we;e computed between'each of the labelllng conditions,
for both the mean errors; and mean trial of last error
data shown in Table 13. As shown in Table 14, strong .
correlationé weré found between the.two single—cgteéory. i

conditions, and the connotative condition. The somewhat
lower coefficient of correlation between the Negative-
only condition and the.Connoﬁative condition is' probably

.due to the greatly reduced difficulty of the bicohditional

rule in the Neéative;only'édnditioﬁ compared to the

Connotaﬁive condition. " Essentially no relation;hip was

found between the single-category conditions and the

Neutral labelling condition, dahd only.a weék Eelafionéhip

between: the Connotative labelling and Neut¥a1 labelling

condition was found.

Category Focus

Category focussing was determined by analysis of

.



Table 13

Mean Frrors to Criterion and Trial of last Error

for the Label and Rule ’Treatment Combinations'

[

Mean Errors to Criterion

Rule
CJ Dj cd Bd
Pos 1.17 4.0 40.5 13.67
Neg 3.0 2.17  39.17 7.17
Label ..
Con 1.33 1.5 . 73,83 61.67
Neu 11.67 ., 26.5 18,17 41.17
Mean Trial of Last Frror .
Rule
i Cj Dj cd Bd
Pos 8.0 6.67 121.9 43.33
Neg 10.83 4.5 - 116.5 16.33
Label ‘
Con 8.17 5.33 130.17 118.33
Neu 38.83 81.5  53.33 104.83

60



Table 14

Peafson Product-Moment Correlations

Between Labelling Conditions

Errors to Criterion

Neu

' Pos Neg - Con Neu -
Pos .98 .86 ~,04
Neg ' .76 ~.23
Ccon ’ .38

. Neu v
Mean Trial of Last Erroxr
Pos Neg Con Neu

Pos .97 .85 -.13
Neg ' .69 -.34
Con .31

S

61
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subjects' pdst—acqﬁisition verbaipstatements, and the

. proportion of errors in the positive and negative response

categories.

Subjectsi.ﬁerbal statements were classified as ex-
preSSLng focus on elther the positive, negative or both
categorles, on the basms of which category(mes) a subject
mentioned in his or her statement. .For oxample, a statement
mentioning;only the positive category wés classified as
expressing focus on the positive category. Subjects men-
tioningsboth categories were classified as expressing

focus on both categories. These™ few subjects'who mentioned

. neither category were included in the "both” classific-.

ation. Table 15 shows the number of subjects focusing on
the positive, negative or both categorles as a functlon

of labelling condition. A Chl—square analysis of these
frequencies shows that they differ significantly £rom
chance expected values (x2 = 26.76, df = 6, p < .01). This
is due to a larger than expected number of subjects expres-
siﬂg focus on the positive category in the Positive-only
and Connotatiﬁo labelling conditions, and larger than é§~
pected number of subjects focusing on the negétive category
in the Negative-only conditions ano both categories in the
Neutral condition. Table 16 shows the same data partitioned

by Rule condition. A €hirsquare analysis of these frequen-.

cies shows that Rule was a determinant of focus category
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‘Table 15
Number of Subjects in Each Labelling Condition
Focusging on the Positive, Negative or

Both Categories as .Determined From Verbal étatements

" Focus Category

Positive Negative Both
"Pos 13 8 3
Neg 8 14 2
Labhel :
‘ - Con 18 4 2
Neu 97 a 11
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Table 16

Number of Subjects in Each Rule Condition Focusinqx
on the Positive, Negative or Both Categories

as Determined From Verbal Statements

Focus Category

Pogitive . Negative Both
: i
. 7 -
Cj 21 .2 1l
Dy 17 4 3
Rule ‘ : - .
. cd 5 14 5
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(X = 36.91; df = 6; p.< .0l), More subjects than expected
by chance focused on the positive categoxy for the con-
junétiye and disjunctive rules, ajj on the negative categ-
W

ory with the conditional rule. i/h the biconditional

rule, greater than expected proportions of subjects focuséd

”
t

on the negati&e categorf,'and both categories. Inspection
of the raw focus category data (Appendix C) ;ﬁows that the
majority of biconditional rule both-category focusers were
in the neutral labelling condition, whereas the negative
category focusers were most frequent in the two single-
category conditidns.

Focus category was also determined by comparing the
proportions of each subject's errors made in the positive
and negative categbries of stimuli. The category where
the smaller proportion of errors were committed was clas-
sified as the focus category. Where equal proportions of
errors were made in both categories, that subject was
classified as having focused on both categories. A number
0of subjects in the conjunctive and disjunctive rule con-
ditions made no errors, and therefore were ;ot inecluded
in this analysis. . —

Tables 17 and 18 show the numbers of subjects focus-
ing on the positive, negative or both categories, as a
function of Label and Rule condition respectively. ¢€hi-

square analyses of these frequencies dropping the "both"
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\ Table 17
Number of Subjects in Each Labelling Condition \
Focussing on the Positive, Negative or Both Categories

as Determined From Error Proportions

Focus Category

Positive ‘ Negativeﬁ éoth
\ = S
Pos g N 11 1
Neg 6 12 : 2
Label .
Con 8 ~ 12 0

Neu 9 12 3
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_ Table 18

Number of Subjects in Each Rule Condition

Focussing on the Positive, Negative or Both Categories

¢

as Determined From Error Proportions

Focus Category

Positive - Negative. Both -
Cj 14 1 1
Dj 6 12 2
Rule
- Cd 3 20 1
Bd ) 8 14 2




colu%n shbws that only Rule was a sigﬁificant determinant
of . focus category $x2 = ;44, df =3, p > .90) for Labels:
X2 = 25.25, df = 3, p < .01 for Ruleg). Howé;;r, compar-

igon of Tables 12 and 13, and 14 and 15 suggeéfs that the
two methods of determining category focus do not generate
similar findings. |

As éftest of the agreement of the two methods,
Gramer's ¢ (phi) was compuﬁed from a Chi-square analysis
of the frequencies of agreement between the two methods
(Tabie 19). Cramer's statiétic is an iqdex of the strength
of association between two nominal variables (Hays, 1963),
and is a good estimate of 5.‘ The value 6f ¢ - obtained
(32 = 3.85, éf =4, p> .20; ¢ = .15) is far below the

maximum possible value of 1.0, indicatiné that the two

methods of determining category focus do not agree.

Complexity of Verbal Statements

In order to provide awbasis for assessing the effects
of Label condition on the form of subjects' postacquisition
veibal statements, an attempt was made to quantify the
complexity of these statements. o

Subjects{ verbal statements were reduced to symboiic
logical statements. For example, if a subjeét said "a
Istimulus.was positive if it was red or a triangle” e
logical equivalent is the disjunction of red and triangle.

‘/
The verbal statements given by subjects, and the logical
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_Table 19

‘Frequency oﬁ.Agreemént Between the

24 :
Two Focus Category Classification Methods

Lo,

Focus Category as Determined
-

From Error Proportions

t Positive .Negative Both

Positive =~ 18 16 3
Focus Category as '
Determined From Negative 9 18 -2
Verbal Statementsg '

Both 5 12 1
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reductxons of these statements are presented in Appendlx

E.! An ordlnal value ranglng from 1 to 7 Jwas .assigned to

each loglcally reduced statement, representlng the com—

- plexity of the statement. These values were determined

by ‘the number of elements in each statement, as shown in

Table 20.

mable 21 shows the frequency of each level of state-

ment complexity as a functidn of Rule condition.

For all rules except the conditional,”the modal
complexity of subjects' statements Qas 3, a low degree
of complexity. The modal complexity value for the con—
ditional rule was 7, 1nd1cat1ng that these subjects form-
ulated very complex statements. However, a Chi-square
analys;s of these frequenc1es, with complexlty collapsed
into the two categortes of low (1 - 4) and high (5 - 7)
completity, indicates that rules werelnot diffe:entially
related to statement complexity (x2 = 7.54, af = 3, p >
.059).

Table 22 shows the frequency of each level of state-

»

ment complexity as a function of labelling condition.

For all labelling conditions, the modal statement com-

v

-

lgome subjects wrxote statements which were either
exhaustive lists of stimuli in one or two categories,'or
not based on stimulus attributes. These subjects were

therefore not included in this analysis.
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. ! Table 20
H
} Levels of Statement Complexity
J ‘ . .
« g .
T
f Complexity
Rule Formq*« ‘ Level :Verbal Descriptions
P .
¢ : : ‘
g {; 1 Red things
. A o 2  not Red things .
. !
. 2¥V‘B E 3 Red and Square things+
; A B - Red or Square things |
]
Rk "IaVvB 4 Red and not Square thlngs
{55 .
f.AVB not (Red arid Square)
... AVB not Red and not Square
-fAAB) V() .Red or Square and

ﬁ:{A/\B)V(C’Ql.)) N\
7 k . ‘

not

RPed

green or circular thingg

Green things

or Square and

W

~t
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,Tabie 21
Frequency of Levéls of Statement Complexity

LY
Within Rule Conditions

Statement Complexity

3 o o0 21 ‘0 20 0 1
. 'py 1 0 17 0 3\; 1
Rule _
ca ¢ o 6 5 1 1 7
BA $ 0 0 9 1 9 3@ 4
) -+
4
]
[ ]
Y
Y %

72
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.‘
Table 22
Fféquency of Levels of Statement Comglexity

Wwithin Labelling Conditions =

Rule Complexity

1 2 3-4 5 6 7

Pos 15 2 1 -3
. ‘ : \
Neg o 13 3 .2 2 2
Label o '
Con. 16 2 1 2 1
‘Neu 1 8 1 1 6
- /
—
. /
» i

o
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lexity was-a.”xchi—squ;re analysis of these frequencies,
qiso with comﬁléxity coliapsgd into low (1 - 4) and high
(5 - 7) groups, indicates that 1$bels were notsdifferen~.
tial determinants of statement complexity (x2 = 2.52, "
df = 3, p > .5).

In order to determine if theicomplexity of subjects’
ve;bal sﬁatements was felated'to the‘défficulty of ¢ S
acquisition‘of the conceptual ruies, Pearson pqqdﬁbt-

ument correlations were computed between both the errors

to criterion and trial of last error data, and'tﬁe state-
'ment_coﬁplexity values acébss all subjects with classif-
iable rules. A$ shown in Table 23, the coefficient of
correlation betweenlerrors to criterion and complexity,
and between trigllof last error and comﬁlexity are very
low, indicating a lack of any relationship between dif-
fiéulty of acquisition and complexity oﬁ posﬁacqui;ition

i\ .
verballstatements.

Difficulty of Truth-Table Classes

Tables 24, 25 and 26 show the mean percentage of

errors made within each truth-table category for bbsitivé,
4 .

- negative and two-category focusers respectively. These
values were computed in the following manner: for each . \

.subjecty the percentage of his or her total errors occur-

ing in each truth-table  category was determined. Then,

¢

for eath combination of Label, Rule and Focus condition,

4
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Table 23 !
. ¥
Pearson Product-Moment Correlations Between™
Errors, Trial of Last Error and Complexity of
~w Postacqﬁisition verbal Statements
Errors Trial Complexity' '
Errors .90 : .13
Trial S ‘ 7.10 '
Complexity '
v
N
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Tahle“24'
Mean Percentage of Erroré"bcquring-in '
* Each Truth—&able Category: ..' °~
Positive Category Focussing Subjects »
Rule  Label Truth-table category n
| TT TF PT FF
Pos 0 12.5 3.7 0 6
. Neg 10.0 7.5 1.2 3.0 5
C3j - i
~Con 10.7 0 11.0 1.0 5
Neu ©11.4 40.2 26.4 10.9 5
Pos . 4.2 23.9 7.0 7.5 6
o Neg 0 30.0 0 - 0 .2
DjJ .
Con 0 10.8 15.6 1.5 6
Neu - 13.3 25.(" 30.4  28.6 4 "
Pos 0 75.0 | 2.8 30.6 1
; Neg .- - - - ,i 0 -
cd
Con 5.6 38.2 57.6 83.7 4
Neu | - - o - 0 R
éos 66.7 50.0 }6.7 14.3 ‘ 1
" Neg ©33.3 2590 18.2 50.0 1
- Be ‘Con 29.9 60.7 % 65.4  42.9 3
Neu B - . = = - "0
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Table 25
Mean Percentage of Errors Occuringlin
-« Bach Truth-Table Category: Naegative Category

Focusing Subjects

_.._é.
Rule Label Truth-table category : n
A T TF _FT FF
" rpos - - - .-
Neg - - - -
C3
Con 0 33.3 0 0 1
Neu 60.0 10.0 18.2 -12.2 1
Pos - - - - - 0
- ) .
Neg 12.5 12.5 O 10.0 4
Dj :
Con - - - -
Neu ‘ = - - - 0
Pos 9.0 41,5 8.5 35.5 4
Neg 23.3 45.2 15.5 20.0
cd :
Con , 6.2 58.5 27.0 36.6 2
‘Weu  38.9 24.4 20.0 9.1
Pos 18.1 22.5 22.13 21.8&»
Neg 40.0 16.1 9.0 14.0
Bd .
Con 21.4 57.7 35.7 19.6
Neu - - - -




Table 26 )
.+ Mean Percentage of Errors Occuring in
Each Truth-Table Category: Both'

Category Focussing Subjects

1

Rule Label ' Truth*table:category
T TF FT FF
cj Neg 0 25.0 25.0 1l.1
Dj Neu. . 30.0 2.4 22.5 3l.2
. Pos 61.1 61.1 16.7 19.4
_ Neg 5.6 58.3 22.2 . 62.5
cd
con - - - -
Neu 41.7 32,0 19.3 16.4
Pos 0 54.2 8.3 13.0
. Neg - - - -
Bd N
Con 29:4 51.4 52.8 . 42.3

Neu 54.3 20.9 4l.4 33.9
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the percentages within each truth-table cg£egpry were
averaged to obtain the méan percentage of erroré‘within
£hat category.

These data were evaluated qualitétivély by comparing
the pattern of érrors observed acroés the four truth-
table catégories within each rule and labelling condi;ion
with the pattern predicted for each rule (contained iﬁ
Table 4).

For positive category-focusing subjects (Table 24),
the pattern of errors exhibited by subjects in the con-
junctive rule Positive-only énd_Neutral-labelling condi-
tions was similar to ﬁhe prédicted configuration. These
subjects made more errors in the TF and FT categories
than in the TT and FF categories. Subjects in the Posi- S
tive-only, MNegative-only and Connotative labelling condi-
tions within the disjunctive rule exhibited the same pat-,
tern of errors, similar to that predicted for this rule
and focus condition. Subjects in the cunditiOnal ryle
Connotative labeiling condition exhibited a‘pattern of
errors in close agreement ﬁith the.predicted confiqur-
atién, makin&uﬁbst f their errors in the FF category, .
fewer errors in the TF and FT categories, and the fewest‘
errors in the ?;// tegory. ﬁiconditional rule Connotat-
ive labelling Qq&}ecps show a similar pattern of errors,

with a reduced number of errors in the FF category.

RS
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With negative category focusing subjects (Table 25),

only the one subject in the conjunctive rule neutral
labelling cdnditibn, and subjects in the biconditional
rule negativé~labelling condition exhibited patterns of

errors in agreement with the predicted patterns.



. " CHAPTER IV
DISCUSSION . .

L

Category Complexity

. fThe central hypothesis of the present study stated
thet the difficulty with which individual rules were
learned would be related to the size and complexity of
thHé response category“focossed on.: Specifioally, it
was predicted that rules would be easier to learn when
the sm%lier and less complex category was focueed on.

This research'attempted to produce.focus on the'
- positive and negative responee oategories.oy requiring
subjects to classify only positire or ooly negative |
stimuli. Before discussing the experlmental flndlngs
relating to the above hypothe51s, it is therefore nec-
essary to examine first the effects of the four responseu
category labelling conditions‘on category focusing.

Category focus. As.shown in Table 15, Labels were

related to category focus (as determined by verbal
statements) in the predicted direction. Subjects in tﬁe
Positive-only condition focused .on the positiveucategory,
subjects in the Negative-only condition focused.on-the
negative category. Subjects in the Connotative condition
focused on the positive category, end subjects in the
Neutral condition focused on both categories. On the .

8l
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basis of these findings it might be concluded that the
methodologlcal' aim of the study had been successfull
in that the two 51ngle category conditions were assoc—A
iated w1th fpcus on the named category. Furtherﬁore,"
these data appear to support the hypothesis‘made in the
‘present research that connotative labels would Be assoc-~
iaﬁed with positive category focus, and néutral labelé

with focus on both cétegories.

Howéver, when girection of %ocus‘is broken down by
Rule condition, aé shown in Table 16, it can be-seen '
quite clearly that the category a‘subject fécused on was
'.-*“‘dependant on.the rule being learnéd Subﬁécts learning

+

the conjunctlve and dlSjunctlve rules focused on the
- 9051t1ve category and subjects learning the conditional
~and blcondltlonal rules focused on the negatlve category,
although blcondltlonal rule learners also showed a strong
tendancy to focus on both categorles. This unexpected
finding makes evaluatlon of %&3 category size/complexity
dlfflculty hypothesis dlfflcdit, if not impossible, since
within a given rule, subjects in all labelling conditions
tended fo focus on the same response category. Clea;ly,
the attempt to produée differential focus within rules

>
was unsuccessful, although. category focusing d4id occur

within each rule.

Rule difficulty. Within rules: A& stated above, the

xe
R

-~
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major hypothesis of this study was that the diéﬁiqulty N\
of individual ruies would dirfer depending on the iabelm
iling condirion.' These predictions (Table 3) wexe not
supported by the findings of the present research, as
discussed below. |

The P031t1ve only and Negatmve—only conditions did
not differ within rules, as shown in Tables 10 and 11.
Furthermore, the annotative labelling coﬁditien,-which
"was also predicted to be associgted with category‘focus,
differed from the Positive—onlﬁ.and Negative-only condi-
tions only within the blcondltlonal Tule. Here the
51ngle category conditions: ‘were assoclated w;th a sig-

nificant facilitation of learning.

W .

The Neutral labelling conditions were predicted to
be the most diffigult for all rules. As shown in Tables
10 and 11, this prediction was also not supported. "whe |
Neutral condition differed-in difficulty from the Con-
notative condltlon only within the’ conditional rule,
and. only with the cla551f1catlon errors data, where the
Neutral condition was associated with a significangl
facikitaﬁion of learning. - "

While these within- rele diffibulty findings do not
support the predlctlons made in the ‘present research,
it would be in error. to rejeff the hypothesms that the

size and c0mplex1ty of the focus category detexrmined

~ o
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.of this hypothesis was
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rule difficulty, egfg\Qgcessaryccndition for the test

ot met by the present research.

Focus on the posmtlve and negatlve categories within

each rule was ‘not achieved, as described-above. Rather,
subjects in differing labelling conditions-within a-
given rule condltlon all tended to focus on the same’
category (Table 16).

The high correlations between the Pcsftive—only,‘
Negative-on1§ and Connotative conditions (Table 14) sug-
gest tﬁét subjects in tpese ccnditions sclved rules in
a similar mannen. From the focus category data (Table'
16) it can be seen that the category focused on‘is the
one which may be described with the less complex rule.
With reference to Table 1, showing the structures of the
four"rules; thehpositive categories of the conjunction
and disjunction are easily described with a conjunctive
and disjunctive statement, respectively. While the neg-
ative categories of these rules require similarly simple
statements, there is an additional fequifement of negat-

ing the relevant attributes. The negative category of

. i .
the conditional rule can be described with the relative-

-

ly simple statement "A and not B", which is a conjunction.

The positive. category, on the other hand, requires the
more complex statement A and B or not A".- With the

biconditional rule, the differences are less obvious, -+
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the pbsltrve category belng described by "A and B or not
A and not B" and the negative category belng described
.by ."A or B but not both“ This latter statement, des-"

J

.crlbxng the negatlve category, 15 more par51monlous, aTd'
can therefore be consrdered to be the less complex:

The effect of the srngle—category and connotatlve )
.labelllng condltlons appears to be that of having allowed
subjects to focus on the 1east complex response category.
With-the blcondltlonal rule, however, subjects in the

Connotatlve labellng condltlon focused either on the pos-

‘1t1ve or both response categorres (see raw focus category

data in Appendix C), while subjects ln”the 51ng1e—category

.conditions focused on the negative résponse category.
From these_finéings, the generalization may be made that
Coanotative labels are associated with focus on the less
complex category only when the differences between the
two categories are distinct; with the biconditional rule
+his is not the case. The erfect of single-category
1abe{s appears +o be that of facilitating focus on the
less complex category when the-tﬁo categories are not

’ grossly different, possrbly by- maklng it more evident’

to subjects that knowledge of the deflnlng characteris-
"tics of only one’response category is suff1c1ent for a
solution.

The effects of neutral labels on rule learning in

st
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“the preseft‘research are 1esstclear—du£; the Neﬁgfal
_labeliiﬁé-condition did not differ from any other igﬁ;
dition except within ﬁﬁé conditiqnaimrule, wﬁere neutral
'laﬁels were associated with a signifiﬁant reduction if
errors compared tdﬂihe Conpotativé ggndition. As.shownj
in Figures 2 and 3, there was a trend for the Neutral
condition to bé more.difficult than the single-category
‘and connotative conditions in the conjunctive and dis-, .
jpnctiﬁe rules. With the conditional and hiconditio@al
rules, this trehd was reversed, the Neutral labelling
condition being less difificult than the.Cohnotative
conditién. Subjeéts learning. the conjunctive and dis--
jgnctive rules with neutral labels-fécused on the posi—‘
£ive response category. One~half of those learning the
conditional rule with neutral labels focused on the neg-
ative cateéory and one-half on both categories. All
‘subjects iearning the biconditional rule with neutral
labels focused on both categories. One po%sible inter-
pretation of these findings is that focus on the less
compl qategory does occur with neutral labels, but
oﬁly witﬁ less difficult rules. As rules become more
difficult, subjects may have increasing dif%iculty in
associating non-meaningful category labels with cate-ﬁ

,gories of stimuli, resulting in éonﬁusing the “two cate-

gories while attempting to leara the defining charyacter-
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istics of one category. -

Between ruleé: As noted in the presgﬁgétion of the
results, the present research found thaEwdthconnqtative
labeig theé conjunctive and diggﬁnctive_réles were equiv-s
alent in-difficulty, ‘as were the conditional‘and bicon-
ditioan rules (Table 12). The lack o? a difference in
difficﬁlty between the conjunction and disjunctipn is
apparentlj”dhe to a floor effect; both rules were solved
virtually without error.- These rules méy have been |
equally-familiar to the subjects used in the present
research, as suwggested by the initial '‘response bias data.
A conjunctive bias was held by 18.7 percent of the sub-
ﬁectg, and 14.6 peréeﬁﬁ held a disjunctive bias (Table 5).
Dominowski and Wetherick (1976) found that more of their

a

subjects held a disjunctive bias than a conjunctive bias.

'Reznick'and Richmann (1976) found that with colour and

form attributes, those uség\ia the present résearch, a
greater proportion of subjects expressed a*disjunctive
bias than a conjunctive bias.

. The lack of a difference in difficulty betweeh'the

cogditional and biconditional rules in the Connotative

condition may be due to the ceiling on the possible

number of trials. Non-learners were not dropped from

o
the. present study, and made up approximately 50 percent

of the subjects in these two groups. -This artifieially

L
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limits the tota1 ”possible-number of trials for dif#erJﬁ
ences in dlfflcﬁlty to become apparent.

Wlthln the single- category condltlons, theré was a‘
strong trend for the condltmonal rule to he more dlfflcult
than the conjunctlve, dlSjunctlve and blcondltlonal rules
. {Figures 2 and 3} . ThlS trend was statistically 51gn1f; 3

ant only wlth the trial of last error data, where the
conditional rule was more dxfflcult than the .conjunction
and dlSjunctlon in the Posxtlve-only labelllng condltlon,
and more dlfflcult than the conjunctlon, dLSJunctlon and-
biconditionai rules in the Negative-only“conditlon,
(Tablellz). One possible explanation of the increased
dlfflculty of the conditional rule c;ﬁpﬁred'to the bi-

conditional rule is that theé category focused on by

PR

conditional rule learning subjects'may be more complex
than the category focused on by‘biconditiOnal rule sub-
jects. Conditional rule subjects-focused on the negative
category, descrlbed by MA and not B". Biconditional rg;g
subjects focused on the‘ﬁegat:;e category, described by
"A or B but not both". Since the former statement'ih—af
corporates one attri?ute negation, it may be more com-
‘plex, and therefore more diﬁfiduit to learn thap the
‘lattér, which is a type of disjunction. |

' In summary, the rule difficuity fiﬁdings,iconsidered

in 2ight of the category focus findings, suggest that

-~
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'thgre are tw0‘importanttdeterminants of rule difficultyﬁ.

R

These aré-' a) the ease with which subjects can focus
on the le;; complex category, and b). the relatlve com-
~ plexity of that category. The pattern of focus Category
| findings n;cesséry‘for a formal evaluation of these‘
principles was not obtained. However, they seem to
provlde the most pParsimonious post hoc explanatlon of

the rule difficulty flndlngs

N Focus category'difficulty. Analysis of the frequen-

cies of the seven levels of postatquisition verbal
‘statements within the four rule conditions (Table 21)
showed that rules weré not related to“the complexity of
the verbal statements; suggesting that the vertal state~
hent; did not reflect the difficulty of the category(iesf
-focused on within each rule. However, differencesg in
statement coﬁplexity were probably obscured by the net—

; essmty of having to collapse statement complexlty into
high and low levels to ‘increase cell frequencies.

.‘The quantlfieation of statement'complexity may have
in itself not sufficiently discriﬁinated differences in
the complex;ty of verbal statements,-as suggested by
the Iow correiétions obtained between rule difficulty

‘s;‘ and statement'complexity (Table 23).

-

Difficulty of Truth-Table Classes

A second set of hypotheses in the present research =, N



R S . : -
90

were derived froﬁiSawyer's (1972) work , and predicted .
‘in_which £rﬁ£h-table classes ﬁost e:fors'would occur
ﬁitﬁ each rule kTable 4) .. These predictions were based
+ on the principle adﬁanced by Sawyer tHét_errors in con;
cept learning stem from subjects‘inco;rectlyﬁassigning‘
;timuli sharing an attribute in common to the same’ re-
_eponse category. A eompa;ison of these predictions
(Table 4) with the percentages of errofs.eccuring in
each truth-table class (?ablee 24 and 25) reﬁealed a
moderate degree of suppgrt for the predictions. In fact,
the degree of concordance beéween the p;edictions and
‘the results obtained are encouraging when methodological

problems discussed below are censidered. First, however,
the findings will be

A greater aegree'of support is found overell with the
data obtained érom subjects focusing on the positive
responsercategdry (Table 24). With the conjunctive rule,
the pattern of errors in the Positive-only and Neutral
labelllng groups 1nd1cates that/;;;;ezzé most errors
in the TF and FT stimulus cla ses, as predic ed Th
greater propoftio f errors occuring 1n the TF-class

-._/
compared to the FT class indicates that the first stim-

. u dlmen51on.was attended_to, subjects therefore

aesigning TF stimuli to the positive category (TT stim--

uli)® - ~

N
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A similar pattern of results is found with the
Posrtlve-only and Negative- only labelling condltlons
"within the d153unct1ve rule. Agaln, a greater percen-
tawe of errors occured in the TF stimulus class than -
-in the FT class, indicating attention‘to the first
stimulus dimension. Connotative labeliing sﬁbjects
also show a greater percentage of errors 1n the TF and

FT classes, as predlcted. The approxlmately equal per-

centages of errors in thesge two classes indicates that

1 '

attention to each of -the relevant stimulus dimensigns
was equiprobable; '

With the conditional rule, only the Connotative,
labelling condition contained a large number of positive- /
‘category focusers. Approximately twice as many errors
occured in the FP claes than in the TF and FT classes,
which in turn were more difficult than the TT class.

This pattern of results is in close agreement with the //
prediction made for this rale.

The pattern of results obtained from subjects learn-—
ing the biconditional rule in the.Connotative labelling
condition cnly partially supports the prediction made
for this rule. While large percentages of errors ogcured
in the TF and FT c;tegorles, as predicted, a smaller
than predicted percentage of errors occured in the FF

i

class. ~
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Very little support for the predlctlons made for

negatlve category focus (Table 4) can be found in the

data collected- from subjects focusing on the negative

- category (Table 25).‘ The one subject in. the conjunctive

rule connotative labelliqgasondition shows clear evidence
of having attended to the first stimulus dimension. 1In

the biconditional rule Negative labelling _condition,

the pattern of results 15 suggestlve of attentlon to the

4

first stimulus dlmen51on most errors occurlng in the TT
class. By attendine to the first dimension, subjects
incorrectly ‘placed TT stimuli in the same catedory as TF
stimuli. =~ : ™

The overall lack of agreement of the findings made

with negatlve category. focuser%‘w1th the predictions

made for these groups can be accounted for jn one of two
waysi Sawyer's principle may only be applicable to sit-

uations where positive category focus occurs. Alternat-

LN

ively, subjects focusing on the negative categery at

solttion may have initially attempted to use a positive
. . ’ >
focusing strz;égy at the outset, switching to a negative
. .

focusing str later time. This second explan-

ore appropriate, es‘séi?lly since no par-

ent can be advanced. supposing that

ation seems
ticular agre
Sawyer's model.will not accomodate negative category

focus.
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LAs meritioned above, the degree of agfeeméngﬂpetweeﬁr‘
the p;edictions anq.the_empirical_findinés is encourag-
ing, as the data collected are in faét biased agginsi
the model. Sawyer's model is meant to'accbunt for

> .

classification errors made during initial stages of
learning. éubjects obviously‘mustleventually come to
attend to more than one stimulus dimension since a gél—
ﬁtion would otherwise be impossiﬁle. The data presented iﬂ
in Tables 24, 25‘an§'26 represent the complete process

of acquisition for each5subject. ﬂThus, errors made at

later stages ,of acquisition, or after changes in strategy

as suggested above, are-included in these summary data.

The present findings e#tend the generality of Sawyer's -
model,-since_Sawyer ﬁsaﬁ a’ stimulus univé&se less com- |
plex than that used@ in the present research. Sawyer's
stimulus uniﬁerse consisted of four stimuli,.represent-- -EH)

ing all pozgible,COmbinations of two bi-valued dimensions.
Iﬁ the pregent research, the stimulus universe was com-

L . . . \ .
posed of “the 27 possible combinations of three tri-valued

dimensions.

Initial Response Bias

Bourne's (1974) model of conceptual rule learning
is_‘ased largely on the assumption that subjeéts hold a

conjunctive solution bias. The findings of the present

redearch show that while some subjects did hq}d a con=

a
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\\ jhpctive’bias,,other solution biases were held aé well.
‘Table 5 shows thatthenms£ fréquent bias Qas a uni;’
dimension affirmation. Interestingly, thé'mosf frequént
CQmplemenﬁary‘bias, the gegatién, is also unidimensional.
Unidimensional biases éuggeﬁt that subjects were attend-
ing to only one stimulus dimension, a‘findiﬁé that sup-
ports Séwyer's (1972) model..
The effect of informative feéaback on shéping sub-
jects' solution biases can be seen with the conjunctive
. ' and disjunctive bias freguencies, which were highest in
the conﬁpnctive and disjuﬁctive rule conditions respect-
ively. This. finding illustrates the confounded nature
a4 : ' of these dat?. ‘Nonetheless, the high overall peicenﬁgge
gccurence oé_the‘disjunctive bias is strong evidence_
against the“éentral assumption of Bourne's (1974) model.
The' frequency of complementary biases is a somewhat
surérising finding, suggesting that focus on the négative
category of a‘rule.(which is the positive category of
the compleﬁen% of the primary rule) can occur at very
early stages of learning. However, all types pﬁ comple-—
mentary biasesjwere-most frequent in the Neutral labelling
conditidn,-suggESting that subject§ were not actuaily
focusing on a "negative" bétegoryé@%ut had-selecggd one

P ) ~- N
of the neutral categories at random for focus.

N
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Summary and Conclusions .~ . v «

The present research Was designed to test the hy-
pothesis that the size and compiexity of the response
category focused on during learning determines con-

ceptual rule dlfflculty In order to test this hypoth- -

esrs, it is necessary to compare groups of subjects

learning. the same conceptual rule, but focusing on dif-
ferent response categories. -ThlS requrrement was not‘

met by the present research, since subjects in different .

. response category labelling conditions all tended to

focus on-the same response category within their respect-

- ive rules, contrary to expectation. A formal test.of

-the category complexity hypothesis was therefore qot pos-—

sible.

The findings of the present study do suggest, however,
that category focus;;g strategies may be’ facilitated or
lnhlblted by the type of labels used for namlng the re-
sponse bategorles. Non-connotatLVe,daiFtral labels are
lTeast conducive to catggory focusxng, "while comnotative
and single-cateéory 1%bels ere associated with increasing
facrlltatlon of category focus. -

Furthermore, the relative differences in the complex-
ity of the tﬁo response categories also appears to affect

category focus. Where differences in complexity are

subtle, fodfq\on either or 'both of the response categories

N
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may occur. When these differences are-distinct, however,

subjects will focus a the category which canf be described
with the least complex logical statement.
This latter findimg prowides an important clue for
] .. i

-the analysis ot differencesi?ithe difficulty of acqﬁiSition
of éoncebtual—;ules. Previou; authors ha;e suggested that
connotétive response categofy'iabels direct sﬁbjécts'
attentionlto the positive category, ana“thativ;riables
_related to the.structure of that category affect rule
difficulty (Giambra, 1954; Gottwald, 1971b; Neumann, 1874;

‘Seggie, 1969). The'findings of the present research sug-
gest that one quality of the structure of the focus cat-

" egory affecting difficulty of -acquisition may be the log-
ical .complexity of'thé.statement necessary to describe

the focus categofy. An‘attempt made in the pgesent study'
‘to relate the complexity of sﬁbjects';verbal descriptions
’of the category they focused on to the difficulty with

v . which they attained the concept was unsuccessfui, probably

I : because the quantification of statemeht complexity was

/ insuffi

iently comprehensive or discriminative. This
remains a-potentially fruitful area for future research.
The present research has also provided considerable
iﬁ_ support for Sawyer's (1972) concept‘iearhing model, by
_shdw;ng that subjects make errors by incorrectly placing

stimuli sharing values on one dimension in the same

7
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N
response category. More support for: the model.was found

with data obtained from ﬁesitive category focusing sub%

”i Jects than w1th those focusing on the negatlve categorz

The suggestlon was made in the dlscu591on of these flnd—
ings that negative c&tegory focusing subjects may have
switched from a positive to negative focus strategy at.

some p01nt durlng acgquisition, thereby obscuring earlier

\/
© exroy, pattexns with errors made after a switch. 1n strat—

.

egy. In ret;bspect, a more prec1se test of Sawyer_e
model could be made byesampling-éubjects; e?rofs within
small blocks of trials at various intervals during
learnlng. | ' |
ﬂ Such a sample was made in the present stugy during
the flrst eight trlals, in order to assess subjects
initial claSSLflcatlon bias. The flndlngs made with
these data support Sawyer's model by showing that a
substantial proportion of subjectslheld‘biaées suggest-
ing attention to one stimulus dimension. )

The impetus fox the preseht research ;as a-discrep-
ancy between two assumptions implicit in Bourne's“model

of conceptual rule learning, and research findings con-

tradicting these assumptions. Bourne's model assumes
- [ ! .

that subjects attend equally to both response categories,

and both relevant stimulus dimensions. The preseht

reseatch has Shown that subjects attend to.-only one



‘stimuius.d;ménéion du;ing<?arlf stages of
that subipcté focus their-feérnifg ?# oﬁéxéesponse
éategory. Furthermdre;‘the initial response bias findinds
of this study do not support anotherigéshmptioﬁ of Bourne's
model, by showing that a majority of subjects do not hold
a éonjunc%ive solution bias.® While Boﬁrne's‘model does

\aéthggéiy predict the difficulty of bidiﬁepsional con-
¢eptual- rules, the findings of the present study suggest
that the'validiyy of the model as.anuexplanation of pro-

cesses involved in conceptual rule learning must be ques-

tioned.
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Conjunctive Rﬁie

POS (yellpw, triangle) - NEG (blue, star)
1 bluy« triangle blue circles _
3 red.circles red circles
1 red triangle red stars’ ¢
"3, blue circles blue star
- 2 yellow triangles red triangle
1 red cire¢le yellow circles
1 ellow circle ~ blue circles
~3 lue stars yvellow triangles
vellow circles /’ yellow stars
"red triangles ! blue triangles
red-star //‘ . 'yellow circle
blue triangles ‘ yellow triangle
yellowagxiangifxd/’;//// blue circle
blue fcircle - blue stars
yellow stars . ’ red star

@

yellow. star
blue star

red circles
blue triangles

red triangles
red circles
yellow stars
yellow triangles

-

NMNWWWNNDWRWNFHFNHEENE DWW

R e e
Sad s S

yellow stars

red stats
yellow circles
red triangles
yellow triangles
red stars

blue circles
blue stars

BLWRRNNNFNRDNRNWHWE W W W W EWw N

i

red stars
blue triangle

. red triangles

blue triangles .
blue stars

red circle
vellow circles
yellow star
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Conjunctive Rule S T
CON “{red, circle) . NEU (red, triangle)

red triangies

vellow triangle

yellow circles

blue triangles

red circle

blue star

yellow circles .
vellow triangles

red triangles

yellow triangles

blue. star

blue *triangle

blue circles

blue triaﬁgle

red circles

red stars

blue circles

red triangle

vyellow stars : .
blue stars
blue circle
red circles -
vellow star -
red stars !
vyellow stars

red star .

vyellow circle

blue triangle
blue stars
red ‘triangle
red star
yellow star
blue star .
vellow triangle
red circles
vyellow circle
red triangles
~blue circles
- yellow triangles
yellow circles
red triangles
red stars
vellow stars
red circle
blue circle
velldw stars
blue triangles
red circles
vellow triangles
red triangle
red stars
blue circles
blue stars
vellow ‘circles

HFERMWHNHENWHRONRGHEFNFEFOUNWONMEFRPLOWERERD
NMUMNMMNHFWNMWOHFRWOWWWRNWREFEWHREFRRD WA

Lo



' isjunctive Rul
\\___/""" . )

- POS (red, circle)

NHNFWNWRNHFENRRFRDWWDNFWDWHRwDWHEE

red triangle e

. blue circle

yellow stars .
red stars

blue triangles
blue stars™
yellqgfétar
red circles

- yellow circles

red star .
blue triangle
red triangles
blue circles
blue stars
yellow triangle
yellow stars
blue circles

.red circle
"yellow-circle

red triangles
red stars
yvellow triangles
yellow triangles
blue triangle
red circles

blue star
vellow circles
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NEG (yellow, circle)

MHMHRRWRNHRERNNEPEPRN OO HWWHWW O WHE

yellgw star
blue circle
hlue stars

"yellow stars

blue triangles
red stars °©
red triangle
yellow circles
red ®Mircles =
yellow triangle
blue stars
yellow triangles
blué circles
red stars

blue triangle
red triangles
blue circles
yellow circle
red circle-
yellow triangles.
yellow stars
blue triangles
red triangles
blue star ¥
yellow circles
red star

red circles
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Disjunctive Rule

CON (red, star)-

‘yellow circles.. *

yellow triangles

‘blue stars

red circles
red stars
yellow triangle
yellow star
red triangle -
blue triangles
red stars
yellow stars
yellow stars
blue circles
eéllow cir
redf triamgles
velllow/circle

. red circle

yellow triangles
blue circles
blue star

red star

blue triangle
red circles

_blue triangles’

red triangles
blue sktars
blue circle

103

NEU Iblue,_triangle)

, . ‘ . -
WWRFRWIONHNNHERHRERFOowDwwHoSwo e

yellow circles -
blue circles
yvellow circles
yellow stars

"blue itriangles

yvellow stars
blue star Co

_yellow triangles

red circles
blue circles
red triangles
yellow circles
blue triangle
red star

blue circle. .
yellow-circle

.yellow triangle ’

red circles
blue stars

red circle
red: triangles
red stars

blue triangles
yvellow star
red triangle
blue stars

red stars
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Conditional Rule

POS {yellow, star)

yellow triangle
red triangle
red triangle
blue circle
red star
.yellow stars
yellow circles
red stars

blue circles
blue star

red triangles
vellow star
blue triangle

blue stars

blue circles
red circles
yellow circle

* blue triangles
red circles
yellow stars _
yellow triangles
red circle

red stars

blue triangles
yellow circles
blue stars

yellow triangles™

FMNWWWWWNRPWRHEHEFEFWREPRNNDBDORNNDWE NS

i
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.NEG (red,.triangle)’

vellow star

red circles
blue triangle |
yvellow triangles
red stars

blue circles
red triangles
yellow stars
yellow circles
yellow stars
yellow triangle
red stars

blue circle

red triangle

yellow circle — "~

red circle
yellow triangles
blue stars

red star
blue stars
yellow circles
red triangles
blue triangles
red circles
blue circles
blue triangles
blue star

‘
.7
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Conditional Rule

CON (red, cirecle)

red star ]
blue triangles -
blue stars
red circles-’
yellow circles
vyellow stars
red triangles
Yellow triangles
vyellow circles
vyellow star
blue triangle
red triangles
blue circles
red circles
" red stars
yellow stars
blue circle
vYellow triangles
blue star
red circle
blue stars
yellow triangle
red stars
yellow circle
red triangle
blue triangles
blue circles

NRNEFHOUEMHPOHWONNWWHFNB NN WW W W

S

'MMNM&J!—_‘UHNMMMNNMF—'HW!—‘MMNE—_‘I—'HH&J
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NEU (blue,'circig)

blue triangles
vellow star

- red circle
blue circle
yellow circle
blue stars
red stars
yellow stars
yellow triangle
red circles )
blue star
red star
red triangles
blue stars
vyellow stars
yellow circles
blue circles
red triangles
vellow circles
red triangle
blue circles
blue triangle
yellow triangles
red stars
blue triangles
red circles
Yellow triangles



Biconditional -Rule

p0s (blue, triangle}

yellbw circle

red circle
“red triangles

blue triangles
yellow triangles
blue circles
red stars
vellow circles
blue circles
red triangles
blue triangles
yellow triangles
blue stars

red circles
yellow circles
red star -

blue stars
yellow star
blue triangle
red triangle
blue star -

red circle
yellow stars
yvellow triangle
blue circle

red stars
yellow stars

\'fs

3
1
1
3
2
2
2
1
3
1
2
3
2
1
v 2
1
3
3
1
1
3
3
2
1
2
2
2

1
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]

" 'NEG (red, star)

blue triangles’
yellow circle
red triangle
blue circles

red circles

red stars

yellow stars
blue star
yellow triangl@S
yellow star
yellow circles
red triangles
yellow triangles
red star - o
red triangles
yellow star,

~yellow circles

blue stars
blue circle
blue triangle
red circles
red stars
yellow stars
red circle
blue circles
blue triangles
blue stars
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Biconditional Rule

CON (yellow, triangle)

2 red Stars

1 red circle

1 blue triangle

3 red triangles:

1l yellow star

3 blue stars

3 vyellow triangles

3 vyellow circles

3 blue circles

1 red triangle.

2 blue stars

2 blue circles

2 vyellow triangles
o 3 bBlue triangles

3 red circles °

1 “blue cixcle

1 yellow circle

2 vyellow stars

2 red circles

3 red stars

1 blue star

2 red triangles

1 yellow triangle

2 yellow circles

1 red star -

2 blue triangles

3 yellow stars

NEU (vellow, star)

M T T Y T U
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Sy

red circle

red star

blue triangles
yellow star
‘red triangle
yellow circles
red stars
vellow triangles
blue circle
blue circles
red circles -
red stars
yellow stars
blue triangle
blue circles
blue triangles
yvellow circles
vellow triangles
red triangles
red circles
yellow stars
blue stars

red trianglegs
blue star
yellow triangle
blue triangles
yellow circle
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"This is an experiment on concept attainment.. You

will be seeing a series of geometric designs which con-

tain the three dimensions ¢f colour, shape, and number

of figures. As you can see from these exaﬁples, (Experi-

- menter points to a card showing sgveral stimuli} there

can be either'l, 2 or 3 figures, which may be either red

yello& or blue, and will be either circles, triaﬁgles or
stars. In the type of cbncept you will be learning, every X
;timulus belongs to one of two classes or catego;iés. In
a moment I will tell you a pair of stimulus attributes
which are relevant to the solution of £he concept. Your
task will be to discover.fhe relationship between those
two attributes,‘wh%ch determines‘whether a stimulus be~

longs to one or the other category."

Y connotative labelling groups. "If you look at the

panel in front of you, there are two buttons, one label-
led 'PoéITIVE' and the other 'NEGATIVE'. If you thir_;kl
that a stimulus is an ekample of the condept, ybu are to
press the POSITIVE button. If you think that the stimu-
lus does not represent the coneept, you are to press the
button labelled'NEGATIVE." '

Neutral labelling groups. "If you look at the panel

in front of you, there are two buftons, one labelled

-

'"VEC' and the other 'XAD'. If you think that a stimulus

belongs to the category of VEC, you are to press that
lo9
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button. If you think thatwé stimulus belongs to the

category oj.XAD,‘then press that .button." - )%?

Positive-only labelling groués. ‘"if you look ét s
‘the panel in front of yaﬁ, there is a bufton labelled
'POSITIVE'. If you think that a stimulus is an example
of the concept, then you are to press the button. If you
. think that a stimq}us is not an.example, then do nothing;
you are to indicate only those stimuli‘you believe to. be
examples ofhtheﬂbpncept;"

Négaﬁive—oniy labelling groups. "If you look at the

panel in front of you, there is a button labelled 'NEGA-
TIYE‘. If you Eﬁink that a stimulus is not an example of
_the concep£, then you are to press the button. If you |
think that a stimulus is an example of the concept, .then
do nothing; you are to indicate only those stimuli‘ydu
believe not to be examples of the concept.”

All groups. "When each stimulus appears on the“ T
screen here (Expe;imenter points .to the opaque window),
the blue'light in the centre of the top of your panel will
come on. You will have a féw seconds to look at the stim-
ulus, and decide which your response will be. Do not maker
your response uhtil the blue light goes off. - Once you
have made your response, another slide will come up telliﬁg

you what the correct response was.” (At this point, for

the "two single-category conditions, the experimenter said,
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“Ef you'should haﬁe érgssed ﬁhe'button, the slide widl -
show the name of the button. "If you should have done
noﬂhlng, the sllde ‘will be blank: ") "This ?lide“will stay
on for a few seconds, ;ndqthen the whple sequehce of events
will be_repeated..“Do you have ény qﬁestions?“ (Relevant
portions of the instructions wéféAégfaphrased in respgnse
£o questions.) “Noé.turn over the white card on your
panel. On it are the names of the twd relevant attributeé.
I will be in the next room for the duratlon of the experl—
ment. Please do\not talk to each other durlng %he experl—
ment." At this pomnt the experimenter left the room.

At the conclusion of the experiment, Fhe éxpefimentér
entered the room and said "On this piece Sf paper (distri—J‘“
butes note paper) I want you to write dpwn the rule, or

method, or scheme you used to classify the stimuli."

When all subjects had finished writing, the experimenter

&said "Check-to see if vou have mentioned both of the two

relevant attributes. If not, please write a new rule
incorporating them. " Subjects were then told the ﬁurpose
of the experiment, and thﬁgied for their-participation.

<

Y




APPENDIX C
- . . - b
~ ' FOCUS CATEGORY FOR EACH SUBJECT AS DETERMINED
FROM VERBAL STATEMENTS AND PROPORTIONS OF FRRORS

IN THE POSITIVE AND NEGATIVE CATEGORIES

A

S
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Rule

Bd

Cd.

Dj

C3

Verb Err

Vverb Erxr

verb Erx

S#

—

Label

JVerbw Err

Ny

Pos

Neg

N-

Con
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‘Rule
cj Dj . cd B4
Label  S# Vetb Frr Verb Err Verb FErr Verb Err
1 p P, P B N N B N
2 P P B P B . N B N
3 p P P N B N B N
Neu 4 pP p P’ N B N B N
5 P P B . P N N B B
6 N P P p N R B N

L4

Note. 1) Table entry P = Positive focus, N = negative
focus, B = both focus. ) -
2) Missing entries under error proportion headings

are those subjects who made o errors.



APPENDIX D
TUKEY "A" MULTIPLE COMPARISONS OF CELL TOTALS

FQR ERRORS TO CRITERION AND TRIAL OF LAST ERROR DATA
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Exrors to Criterion’

|

Single Category Conditions ,
{critical value =1

Total

243
235

82

/543

24
18
13

7

Ve
35.06; p < .01)

Label Rule
Pos Ccd
Neg Cd
Pos Bd
Neg B4
Pos i Dj
Neg CJ
Neg Dj
Pos C3

Double Category Condition
{critical value =

Total

443
370
247
159
109

70

9

‘Labe

Con

con

Neu

Neu

Neu

Neu

Con

Con

305.46; p < .01)

1 Rule
cd
Bd
Bd
Dj
cd
c3
Dﬂ

CJ

116
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Pooled Single and Double Conditions.
(critical value = 255.88; p < .01)

Total Label Rule
443 ©  Con . cd
370 Con Bd
T 247 : .. Neu Bd
243 ‘Pos ca
235 Neag cd
.1 159 . Neu ‘ Dj
109 Neu - cad
a2 o Pos Bd
70 | Neu - CJ
43 Neg v Bd
24 " Pos Dj
18 Neg o
13 Neg ' Dj v
9 Con ) Dj
_8 Con Cj
l 7 Pos Cj
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!

Trial of Last Error

“single-Category Condition .
(critical value = 380475; p < .01}

Total R i Rule

L

1 726 Pos &d
699 < Neg cd
' T. 260 Pos. Bd
98 | Neg Bd

" 65 Neg T

48 Pos S Ci

40 . Pos | D3

] 21 ' Neg (\H;//KT_ o

Double Category Conditions: -
(critical value = 651.74; p < .01)

Total Label Rule
T 781 con ' cé
710 Con B4
T 629 Neu Bd
489 Neu - Dy
320 Neu Ccd
1] 233 Neu 3
49 ° Con c3
l 32 Con Dj
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Pocled . -Single and Double Conditions .
(critical value ='578.29; p < .01) - \\v//'J
Total  Label- ' _  Rule
i 780 con . ca
726 ~ pos ca
710 Con B4
699 Neg cd :
T 629 Neu Bd
T 489 .~ Neu . Dj
320 : Neu cd
260 "pos _ B4
233 Neu cj
98 o Neg . Bd
65 Neg 3
49 Con Cj
48 , Pos Cj
40 Pos DJ
32 Con Dj . £’\
1 27 Neg Dj
v
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APPENDIX E
SUBJECTS' VERBATIM AND TRANSFORMED

POSTACQUISITION VERBAL STATEMENTS
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Positive-only Conjunction

Sl

"Whenever a vellow triangle-appeéred I pressed

the (pdéitive) button." ." ' -
Yellow and Triangle

"It must be either 1, 2, or 3 yellow triangles."
Yellow énd Triangle B

"All ye;}pw triangles are positiyé, because the

card‘corresponded to what was shown as positive

on the screen."

Yellow and Triangle

"I first found out which shape would give a

positive result - I then learned not only which
shape, butialso which colour would result in a
positive result.

Triangle and Yéllow
"Push pos. button if I saw either 1, 2, or 3
yellow triangles."”

Yellow and Triangle
"The rule I arrived at for classifying a stimulus
was that there not be a triangle, either 1, 2, or
3 triangles but they must be yellow triangles."%

Yellow and Triangle

Negative-only Conjunction

Sl

"I was always looking for a blue sktar, if I saw

anything else other than a blue star I pressed

I}
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the negative button." i
-
Blue and S#ar
"The card said:.there must be 'star - blue'. I
wasn't suré if'ﬁoth star and blue weré necessary
at first. fwguessed correcély the first time, -
which clarified that both were necessary, by
seeing if the correct answer was neg. or blank."
Blue and Star
1) "at first related picture to correcffgﬁsyer“
2) "then found direct correlation between card
—- sayiang "BLUE STAR" with correct response.
- all blue stars needed no response;"
Blue and Star
- if colour blue
positive
- if object stsr
- if colour yellqw, red

negative

- if object circle, triangle -

Pos - Blue and Star i "

Neg - Yellow or Red, and Circle or Triangle
"Stimuli classified bu cue‘card. However, it
was not until the first slide that it actually
shr{;g in."

Blue and Star

"Rule to use:

Whenever blue s}ar came on, this was the
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same as my card Qnoﬁ*negative response;.. Thére—
fore I- dld not ‘push the negative button. However -
if an 1mage came on which was unllke my spec;flc
card Tstar, blue), I walted for the llght to go
off then I pushed the "negatlve" button.

'

Blue and Star

Connotative Conjunction

s1

“Meméfized the card_fcircie red' when one éircle
red appeared, I pushed éosi@iye; but Ffirst time
I saw'2 circle reds; I pushed negative; but then
I learned it was pbsitive. So whenever I saw_aﬁ
red circle, no matter how maﬁy cirglgs, I pushed
positive." )
Circle and Red
"All red circles were positive the rest negative."
Red and Circle

(al

"If it was a.red circle it was positive. Anything

. else was negative. 2 or more red circles was also

positive."
Red and Circle
"If the stimulus wasn't a red ci;cle or circles it
was negative." J
Not Red and Circle.

First criteria was the shaﬁe of the stimulus. If

¢ircular, then the criteria of colour was used.



Neutral Conjunction
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If red and circular,‘then the stimuf%s fi£ the )
category - Positive.?'l

Red ahd Circle-
"It had t§ be red and a circie.“, 
"I don't know how it was,nég..or-pqsitive once
it was.a circle and red. I §aw'no correlation
except guessing.” |
"Became too boring aﬁd I could not concentratef"

Red and Circle

.

Sl

"any time that red triangle(s) appeared (in any

proximity to each othér), I classified them VEC.

Red and Triangle

"only red triangles, number not important place-

- ment not important, must be triangles, only red."

Red and Triangle
" - 1st
~ triangle Red - any position and any amount.
¥AD." | |
Triangle and Red »
"After-making mistakes 2x I realized that only
red triangle which corresponded with the card
was XAD, everything else was VEC."
Red and Triangle

"Red triangles indicated VEC no reference to

.....
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p051t10n or number"
" Red and Trlangle
'éﬁ* .“At first I was guéssinq and not really paging

much attentionq‘then the card you gave me ﬁ%s\';
- drawn to my atténtioﬁ and I pressed XAD fqr~9véry~
thing but red triangles.fﬁ \\;;‘///’f'}c
(VEC -)
Not Red and Triahéle

-

Positive-only Dlsjunctlon

-
1

Sl "If somethlng wasgy red then 1t was (pos) regardless
of shape. |
If something was cxrcle then it was (pos) regardless
of qolour.".?'
VRed or Circle
52 "Choose anything that was red and all cixcles no
_métter what colour and no matter where weée position=-
ed and how many." | 3"19‘. N
Red or Circle |
s3 "The positive stimuli was everything th;t was
either red or circles. i.e. circles pf;anyAcolour r
or red figures of any shape." ‘
| Red or Circle
54 "TIf the picture shown was either 1) red, any shape,
2) circle, any colour, 3) both, circle and red

- then positive."

Red or. Circle

%t
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"Whenever I see red colour or ciréie shape I will
\ponsider it as-a (positive) stimulus."

" Red or Circle:

"Positive stimulus: any shape that made me think

- ofleither Red or Circle.

Negative stimulus: any shape that was not a

circle ™ i
-
. any colour that was néttred."
v Pos - Red or Circle

'Neg - Not Red or not Circle

Negative-only Disjunction

sl

"TIf the stimulus.wasn't a cir¢gle, or if it was a
colour other than yellow, it was negative."
Not circié or not yellow
1) "Blue/Red colours with shapes that have edges.”
2) "anything that was vellow, or was in the shabe
a _
of a circle was not the stimulus. The stimulus
had to be blue or red with edges."
Yellow or Circle
1) "According to'éolour and sﬁape. With yes no
reaction to test."’
2) "Remember.yellow and circle."
Yellow and Circle

"Any design that had a circle (regardless of

colour) or the colour yellow in it, I chose as
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ppsitivg."

-

, Circle or Yellow ' . M
s5 1) "Thought the stimﬁlus was negative for anything
blue or red and not a circle. At beginning of
expt I was confused re what was wanted —.I guéss
I sort.éf used process of elimination and tried

to find out‘which attributes were negative and

match them.

as poéitive.“

Blue or red and n?; Circle

2) "Yellow and circie

56 “If the stirfulus wasn'%/ggk{%h or a circle,
pressed button." L\M“,j

Not Yellow or not Circle

Connotative Disjunction

sl . "Shape and colour degtermined response. To pick
of a shape that was a star and a colour that waS////
‘red.” |
Star and Red
52 "If something red was ,flashed I would press the
(pos) button and if some star ox stars wefe
flasBed T would press (pos) button."
- Red or Star
S3 "Look f?r red corour of any design
- star of any colour.” -

‘Red'or Star
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"If stimulus was red or star, it was positive

.otherwise negééive.“

Red or Star . t
"colour and shape." . Y
"red colour and/ﬁr the star dimension if either
one showed up on the screen."
) Red or Star >

"any dimension that was red or a star.”

Red or Star

Neutral Disjunction

S1

"Anything that was blue, ény shape, or a triangle,
- .

any colour, or botﬁ, was XAD. ~-

Anything else was VEC;"
Blue or Triangle
"Single obj - VEC
blue triangle - XAD
sharp pointed obj - XAD
smooth edge - VEC."
no rule
"If it was blue no matter what the shape or a
triangle no matter what the coiour it was XaD."
Blue or Triaﬁgle
"If anythihg that came upJBlue, ;egardless of
shape, or any triangle, regardless of colour was

VEC. An{iother stimulus, neither blue or a
<
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triangle, was XAD. Number of stimuli present -
made no difference.”

“ Blue or Triangle

' 85 All blues no matter what shape or number is VEC.

- All reds and yellows no matter what shape or
number XAD with the excepyion of red and yellow
triangles no matter how many were VEC."

Blue or (Red or Yellow and Triangle)
56 "When the triangle”appeared!; pressed XAD at first
but then concentrated on when it appeared, no other
colour bothered me except the red star."

Triangle

Positive-only Conditicnal

Sl ﬂEverything was positive except yellow triangles

and circles no matker how many there were or their

Yellow iangle and Yellow and Circle

.52 "vyellow circles and yellow triangles had blank

responses all the rest were positive.” _
Yellow and Circle and Yellow and $f£;ﬁgle
S3 "Yellow st#rs." '
Yellow and Star
S4 1) "Checked, colour, number and shape to judge if
they were acceptable. Any number of yellow

triangles or circles were not acceptable. It
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seemed that everything else was.
4

"Yel;pw star were on the card. Yellow stars

ﬂ . N
are positive while yellow triangles and yellow
circles are not;" $

vellow and Triangle and Yellow and Circle

"Responses were made with stars present
respoﬁses were made with colour yellow present
responses were made when 3 items were pres

othe:_positive responses wéﬁe made ai rahdom

the buttoﬁ was not suppressed Qﬁén a single yellow
circle was shown.“
Star or Yellow on ﬁhree

"T can't really say I figured it out. It seemed

that you could not Qositively ;élate sfars and

circles basically in certain numbers and colours.

"If there were three in the yellow in an othex

shape it was not positive."

Negative-only Conditional

sl

52 1)
2}

S3

"Red, non-triangles were negative."

Red and not Triangle
"Red balls, red stars, any combined pattern.”
"No blue trié%gles."

Red and Circle, and Red and Star

"all colours excepting red - no response.

all colours that were red but not a triangle -

-
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negative.
when one triangle out of order ~ nofhing no
responserthey were triangles."
Réd and not Triangle
S4~ 1) "There were never 2 negatiées.in a row. Every

6th, 4th, 2nd, 4th, 6th time was negatlve, maybe.’

2) "The red trlanaie was never followed by a

negative."
No ruleu
S5 "All the red were negative except for one triangle
alone or if the& were or

Red and not alene and Triangle
56 "Red - triangles - single jyobjects.™
No rule

Connotative Conditional

Sl "I only pushea positive button for slides showing
red c1rcle which was on card in front of me. I
did not use both attrlbutes from card in front of
me - red and circle."
<
Red and Circle
s2 "If I saw a red circle - positive or if I saw a
stimulus that was a vircle or that was red was
also posigive.

"gtimulus that were shapes and colours other than

circles and red were negative. Used both attri-
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butes given."

Red or Circle
"Red was negative unless iE waéxin the form of .
a circle. Any other colour and shape, including -
dircles, Qas positive. |
The number of objects didn't matter.!

Red and not Circle
"If stimuius did not meet criterion given, red
ciréle, I cldssified it as positive - all else
negative. | |

I ignored all 'right' answers given‘following

each example.

‘The words red circle kept staring me in the ‘Face."

Red and Circle’
"Sets of three mostly positive, egpecially red
circle.
Se;s of two mostly positive.
Sets of 1 mostly positive with exceptions of the
red triangles.
All red circles were positively reinforced."
Three or two or one and not (Red and Triangle)
"Every colour o; éhape except red star the correct
answer on board appeared positive.

Always positive.

Not (red and Star)
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Neutral Conditional -

sl

"Circles were never unéer XAD,Aonly blue stars
and triangies. Anything\else, no matter how
many or where appeared on slide, went under VEC
category. These could be any amount, of blue
stars or blue trianglé; in the slide bu£ stilf
under X¥AD."

Blue and Star, or‘Blue‘and Trianglé
"All red and yellow geometric figures plus tﬁe
blue circles were VEC. The blue triangles and
stars were XaD."

Pos - Blue and Star, or 'Blue and Triangle

Neg - Red or Yellow or Blue and Circle
"The stimuli ran in a ‘basic pattern. VEC would
always appear consecutively, more than once in
a row. XAD only would appeér ane, then VEC
would appear. XAD would never appear more than
once in a row. I tried using this sequence,
starting whenever a blue circle‘would appear.
It seemed that this worked occasionally but‘I
was frequently mixed up.

No rule
"XAD. yellow, red stars and triangles circles,

even blue to the left, or uneven in place-

ment. Red circle.
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VEG. blue, triangle, star in middle hotéom or
even in placément. Circle as well, yellow."

No rule

"For everything but blue stars &(blue triangles
I pushed XAD button - for blue tria . and blﬁé

stars I pushed VEC button."
"For biue circles I pushed XAD button.”
Blue and Triangle‘or Blue and Star
“Blue triangles and stars or blue and non-circle."

Blue and not Ci;cle-

Positive-only Bi-conditional

s1

"Aanything blue, other than a blue triangle.- no
response. A triéngle, unless blue - no response."”
| Blue or Triangie (exclusively).
"If it was ?lue or a triangle, did not press
button, any other shape and/or colour - press.
=£f it was hlue and triqule - press button.”
"Blue and Triangle and not (Blue or Triangle)
"All‘biue was negative except wheﬂ they were
'triangles. All other colours wére positive except
when they were triangles."
Blue or Traingle ({exclusively)
*all of them except for triangle any colour ox
shape, is positive. Any blue colour except triangle
is neg."

Blue or Traingle (exclusively)
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"All blﬁe triangles - Pos
Red orange triangles - Nég

Blue stars - Neg

Red or orange stars - Pos
Orange and blue circles - Pos
Red circles - Negg. "

 No rule )
"It was:é positive stimulus.if it did not have

any blue colour. It was a positive stimulus if

it was not triangular in shape. It was positive

w
if it was both blue and a triangle."

Not blue or not Triangle and Blue and Triangle

Negative-only Biconditional

Sl

"Negatives - anything red but stars

—lanyﬁhing star shaped but not the

red cones."
Red or Star (exclusivelyl

"I had red star so whenever the picture was a red_
object or a blue or orange star T pressed "the
negative button. Anything else I did not Press
the negatige button. At first, I éressed negative
for a redlstar but that is wrong."

Red or Star (exclusively)

. "The red star or any-other image that isn't red.

is positive."

Red and Star, or not Red



136
54 _"Anything that was red and not a‘star Qaé negative.
A star that wasn't red was negative. Number made
no difference." ‘
85 "Any red,hény star; except red star, required.
negative xesponse."
Rea or Star (exclusively) #
S6  "Push the button for any figure flashed on the
"%preen that was red, but not a star; or for a .
éigg;e/zhat was star-shaped, but not red in cblpur."

Red or Star (exclusively)

.Connotative Biconditional

- 81 1) " - First impression - whatever seems righf
- when tried to figure out relationship just
bécame more confusing."
2) " - When something position wise could be shaped .
as a triangle positive.
—~ When other colours than yellow positive.
Triangle and not Yellow"

52 “I suddenly realized that the card you placed on
my machine indicated the positive stimuli. All
yellow triangles were positiveé. EverYthing else
that had yellow was negative. All other colours
besides yellow were positive."

Yellow and Triangle or'not Yellow g

83 1) " - By colour - by number - by shape - by position
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- by-correlgtion,of any ébove comé&nations - by‘-
elimination - by Sequehce of any abbve."‘
2} "by identifyipg number or sequence of yellow
triangles."
No rule
sS4 "Rules - all jellow stars and circles negatiée
_regardless of the number on the slide.
- all red and blue triangles negative
regardless of the number on the slide

presented.

I"

card with words yellow and triangle used
at first bﬁ£ then discarded as irrelevant.
- nu@ber of imageson slide discarded as
irgelevant."
Yellow and (Star oxr Circle), and.Triangle
and (Red or Blue)

S5 "The‘yellow triangle was always positive, but’any
other shape iﬁ yvellow was.negative.-.The other
colours, were all pésitive except the triangle
shapes in those colours.”

{Yellow and.Trianéle) or (not Yellow and
not Triangle)

S6 "If another single shape appeared that was not
a trianéle and not yellow it was positive. 8Still
was working on the-sets of two's and three's."

One and (not Yellow and not Triangle)
°



-

138

sl

52

53 1)
: 2)
” s4

Neutral Biconditional

"For eQery yellow object or'éta: shaped obﬁect
yoﬁ pushed XAD exce in the case of’any yellow
stars where you pug‘gd VEC along with any.othef
ogﬁects which were géither.yellow or stars."
Neg - Yellow or.Star {exclusively)
Pbs -~ Yellow and Star) and (not yeliow and
not Star)
"XAD - All thihgs vellow
- All things star$ except yellow stars- of

any number .

o

VEC - yellow stars of‘any)numbér
- all things.not yellow |
- all things not sﬁars except.for previously\\s
mentioned yellow stars.f '
Neg - Yellow or Sté} {exclusively)
Pos - Yellow and Star and not Yellow and not
Star

"Colour, shape, placement. using no.

1 XAD button

"2 or 3 VEC button."

“Yellow star was.control, figure, symbol."
No rule
"3 yellow stars were XAD, other stars were VEC,

red, group of 2 or just 1 star. Yellow circles
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L

VEC. quares or tqiangles on left side of screen

-

XAD. Most_ﬁiéures'weie XAD.
No :&le | : S
"Yellow circle - left B
Red, blue circles - right"

[8

"VYellow - left

Red and blue,%/;I;;:/' (Negative on left for this §)

No ruie
"3 of egdh VEC & ¥AD and then how long holding each.
button. " | - | .
“thougﬁé there miéht-be a change of button when a"
yéllow star appeared." | .

No rﬁlé



APPENDIX F T
ERRORS TO CRITERION AND TRIAL OF LAST ERROR
FOR EACH SUBJECT AS A FUNCTION OF .RULE AND

v LABELLING CONDITION
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