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SUMMARY

The thesis begins by defining the meaning of concept
and concept learning. A taxonomy of concepts is suggested,
from which the family of nominal concepts is chosen for
detailed investigation, and in particular those nominal
concepts based on the rules of conjunction, inclusive disjunction,
conditional, and biconditional. Two aspects of concept
learning are distinguished: attribute identification in
which the subject is given the rule relevant to the concept
and required to find the attribute values which are combined
by this rule; and rule learning in which the subject is
given the relesvant attribute values and set to determine
the rule. An 1investigation of the effect of the rule on
the difficulty of concept learning in each of these two
tasks forms the major part of the thesis, This variable
is considered alongside a number of other variables which
have been found to influence performance in conceptual tasks.

A revieu of experiments conducted by other workers anq
an analysis of the results of experiments reported in this-
dissertation indicates that the effect of conceptual rule
in attribute identification interacts with the type of
instances encountered by subjects during lesrning. In

particular, the type of initial instance seems to play
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an lmportant role in determining attribute-identification
difficulty of different types of concepts.

A study of the process of concept identificetion 1s
made beginning with the work of Bruner, Goodnow, and
Austin (1956) on strategies. A critique of this work
is put forward and alternative approaches considered.
It is concluded that ldentification of strategies in concept
attainment is not possible without recourse to subjective
reports, Using this method an attempt to classify strategies
following extensive training on attribute identification
for four conceptual rulss is mads, The implications of
the type of strategiss employed for the effect of aids
to memory on performance ars considered in two experiments
in which the form of the memory aid is varied.
Hypothesis-testing or concept-centred approaches to
concept attainment are discussed in two parts - sampling
and evaluation of hypotheses. Most research in the literaturs
on hypothesis testing deals with sampling and a revisw of
this work is made. On svaluation, the commonly accepted
informatlion-processing model is criticised and rejected and
an alternative statistlcal decision model is postulated.
Experiments investigating the number and type of instances
selected in evaluating an hypothesis support the model

proposed, The role of memory in hypothesis testing is
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cansidered and an experiment shows diffsrential recall
of various rules and also of positive and negative instances.
These Tindings are interpreted as being due to differences
in the sase of classifying instances as pasitive or negative
for the differsnt rules.

In rule-learning tasks a reviesw of the litersture
sugges{s a8 stable order of rule difficulty except for one
study which differs from other etudies primarily in that
the selection procedure is smployed. An sxperiment using
the selectlion procedure is designed to replicate this finding,
but fails to obtein an order of rule difficulty which is
any different from that typically found in other studies.
Posslible accounts for these rule differences are considered;
the most probable account ssems to be in terms of a strategic
tendency towards conjunctlion. Implications of rule-learning
and attribute-identification studies for complete concept
learning, in whilch both rule and attribute values are unknouwn,
are assessed. The ussfulness af the findings from concept
learning studiss for explicsting problsm solving is also
discussed, with special references to the solving of
mathematical groups (Jseves, 1968).

This work has essentially been concerned with aspects
of inductive reasoning. Finally, a look at deductive

reasoning is taken and the appliceblility of propositional
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logic as a model of human performance considered, Sevaersl
discrepancles betwesn the logical model and performance are
noted which suggest modifications required in the model.

The problem genarally with such a model seems to bs to find
linguistic expressions which are equivalent in meaning to
the logical operations.

The thaesls concludes by considering soms general dirsctions
which future research may follow., The implications discussed
ere taken from a consideration of the role of rules in =zccounts

of reasoning and sonceptual beshaviour,



This thesls contains no material which has been
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CHAPTER 1

AN INTRODUCTION TO A STUDY OF CONCEPTUAL BEHAVIOUR

Concepts and concept learning

In experimental psychology the word "concept" has a
somewhat different meaning from its everyday connotation,
Ordinarily we may use "concept" to refer to an idea, a mental
lmage, or an abstract state of affairs, In psychology we say
that "a concept exists whenever two or more distinguishable
objects or svents have been grouped or classified together
and set apart from other objects an the basis of some common
feature or property characteristic of each" (Bourne, 1966).

For examﬁle, the concept "Ph,D student! includes those people
enrolled at a university, who are candidates for a postgraduate
degree where that degree 1s the degree of Doctor of Philosaphy.
It therefaore excludes all people not enrolled at a university,
all university atudsnts not taking postgraduate studies, and
all postgraduate students not candidates for the degree of
Doctor of Philosophy. A concept is therefore a basis for
grouping or classifying objects or svents together.

The ability to conceptualize confers several advantages on
an grganism (Bruner, Goodnow, and Austin, 1956). Firstly and
most importantly by categorizing as eguivalent discriminably
different events, the individual is able to reduce the complexlty
af his environment. Workers in a number of different areas of

peychology have polnted to a principle of ecanaomy in much of
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human performance, For example, Attneave (1954) has suggested
that"a major functlion of the perceptual mechinery is to strip
away some of the redundancy of stimulation, to describe or encode
incoming information in a form more economical than that in which
it impinges on the receptors." Likeuwise, Oldfield (1954) and
Miller (1956) have observed that many messages would be beyond
our capaclty to receive, process, and remember if they were not
recoded into a mors economical form. It should be noted that
the act of categorizing is not the only method avallable to the
organism for reducing the complexity of 1its environment, Welford
(1968), Berlyne (1965), and Posner (1964) have all referred to
two processes which have this effective outcome: one of these
is conceptualizing or coding or abstraction; the other is
selactive attention, Welford puts 1t thlis way: "The process
of organizing and grouping incoming data may be thought of as
the abstraction of constants from the total mass of data presented
in space and over time, together with the selection of some data
as dominant and important while the rest are relegated to the
background and more or less neglected.”

Dther benefits conferred on an organism by the ability to
form concepts follow from this principal advantage. Thus, a
second advantage is that it pravides the means by which the
objects of the world about us are identified. Thirdly, the
establishment of a concept based on a set of defining attribute

values rsduces the necessity of constant learning. Fourthly,
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it provides the direction for instrumental activity. For
example, to know that a substance is "polson" is to know 1in
advance ebout appropriate and inappropriate actions to be taken.
Finally, categorizing permits the opportunity for the ordering
and relating of classes of events due to overlapping between
ctlasses as, for example, between "smoke" and "fire'.

From the foregoing discussion, it should already be apparent

that an understanding of the way in which orpganisms form and
use concepts will have application to a wide range of behaviour.
The particular organism selected for study in this thesis is
man. This is not meant to indicate that lower organisms are
unable to form concepts, even though their ability to do so has
been doubted by some writers (Osgood, 1953; Hunt, 1962).
Indeed, the sxistence of a strict discontinuity between man and
other animals has not been satisfactorily demonstrated. Most
studies in which animal subjects have been used to categorize
a set of stimull have been placed under the heading of discrimi-
nation learning. Kkintsch (1970) has pointed out that the
operational definitions of stimulus generalization in discrimination
learning sxperiments and of concept in concept learning experimants
are identical, namely, the same response is made to a set of
discriminably different stimuli. On this definition, animals
can certainly learn concepts,. One early attempt to compars
conceptual behaviour as we ascend the phylogenetic scale was

made by Kendler and Kendler (196G2). Generally, however, little



comparative research has been carried out in this area.
Therefore, whilst recognizing that corresponding bahaviuur
may be found in lower animals, this thesis will be devoted
entirely to the study of conceptual processes in humans,

One aspect of human behaviour with which conceptual
behaviour is frequently associated 1s thought. The fact
that there is no gensrally accepted definition of thinklng
makes it rather difficult, if not impossible, to determine
the precise nature of the relationship between the two behaviours,
Nevertheless, three kinds of cannections have been postulated.
The first is Harre's (1966) assertion that "concepts are the
vehicles of thought". That is to say, thinking consists of
the linking together of a number of concepts. Presumably,
an understanding of the psychological characteristics involved
in acgqulring and using concepts should therefore contribute
towards an understanding of thinking. To date, this kind of
notion has stimulated very little research. This does not
neceséarilv mean that an approach based on it might not throw
important light on the nature of thinking. Rather it could
be taken toc mean that present knowledge of conceptual processes
is inadeguate. A second connecticon which has received
considerably more attentlon postulates that the procaess of
attaining a concept invalves thaught. Thus, by analyzing the
pattern of responses made by a subject sesking to attain a

concept, inferences about the nature of thinking in this situation
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may be drawn. Regularities observed in responding are called
strategies and some considersble effort has gone into identifying
them (e.g., Bruner, Goodnow, and Austin, 1956), A third
proposal comes from Bourne (19G9) who argues that "any particular
behaviour ... 15 recognizably consistent with and instantiates
a rule", Bourne suggests that the highly organissd nature of
behaviour is an indication that such behaviour is rule-following,
irrespective of whethar or not the individual is aware of the
rule. Moreaver, he suggests that the study of conceptual
behaviour presents a fruitful method of discovering some of
these rules and the difficulty subjects have in learning and
using them. Since many of these same rules have been identified
in human thought by logicians, the findings from concept experiments
may prove useful in accounting for thinking behaviour. This
proposal 1s offered by Bourne as an alternative to underlying
process descriptions of behaviour, which form the second postulated
connection between conceptual and thinking behaviour, No
attempt will be made here to make a decision as to which alternative
is likely to prove the most frultful. Discussion of bath of
these approaches will be contained in later chapters and 1t will

become evident then which ls preferred.

A taxumomy of conceptusl groupings

Just as the number of objects and events which may be
grouped to form concepts is infinite, so therefore is the number

of concepts able to be formed also infinite. Befare any



feasible approach to an understanding of conceptual processes
becomes possible, it is first of all necessary to attempt some
classification of concepts themselvas,.

Accarding to Harre (13966), philosophers have employed two
systems for classifying concepts - categorial and hierarchical.
The categorial taxonomy originated with Aristaotle, who assigned
concepts to various categories such as Substance, Attribute,
Quantity, Quality, and Relation, depending on the kinds of
guestions which might properly be asked about anything. Kant
devised a different, but still categorial form of classification.
In his version, it is the kinda of propositional forms or
judgments that are possible on which the taxonomy ofconcepts is
based. The hierarchical clagsiflcation, on ths other hand,
seeks to arrange concepts into different levels depending on
their explanatory power. Thus, higher levels consist of
concepts which are based on other concepts from a lower or more
fundamental level,

The most appropriate method for classifying concepts in
conceptual tasks seems to involve a conbination of these two
systems, Essentially, this approach distinguishes betwesen the
relevant stimulus dimensions and the rule relating these stimulus
diﬁenaiuns, and attempts to devise some scheme for placing
different kinds of rules into different categories, Within
sach of these categorises, a number of rules appear and these
may be found to be related in an hlerarchical manner.

Adams (1953) has initlated such a taxonomy with his
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suggestion that concepts may be classified in a similar manner
to the way in which Stevens (1951) classified measurement scales.
Depending on the relationship between values on the relevant
stimulus dimensions, concepts may be nominal, ordinal, interval,
or ratio. Thus, nominal concepts are formed according to a
rule for arranging observations into sguivalence classes, such
that observations falling into the same class ars thought of as
gualitatively the same and those in different classes as
gualitatively different in some respect or respects,. Nominal
concepts may be simple, i.e., having only one feature in common,
or complex, i.e., having more than one feature in common, Thus,
for example, "triangle" is a simple nominal concept defined by all
3-sided ehapes, On the other hand, "red triangle" is a complex
concept specifying the joint presence of two characteristics, the
colour red and the number of sides thres. Ordinal concepts are
defined by ordered relationships betwsen the stimulus attributes.
For example, an "isosceles triangle" is an ordipal concept in which
two of the sides of the triangle have the same length. Similarly,
"an obtuse triangle" is defined by the fact that one angle i=s
greater than 90°. Interval and ratio concepts consist of
mathsmatical or functional expressions which prascribe some
numerical response from a given set or sets of numerical stimulus
values, An interval concept differs from a ratio concept
according to the particular scale of measurement on which its
stimulus and response values can be located (see Stevens (1951)

for the distinction between interval and ratio scales),
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The present invastigation, like most studies of human conceptual
behaviour, will be concerned with nominal concepts,. Relational
concepta have received some attention in recent years in the
work of Hunter (1957), Huttenlocher (1968), DeSoto, London, and
Handel (1965), and Clark (1969) on three-term series problems.
Mathematical concepts have been lass systematically considered
but preliminary studies have been conducted by Uhl (1963),
Restle (1970), and Scandura (1970).

Nomlnal conceptual rulaes

Within the family of nominal concepts further classification
is possible. For concepts having up to two rslevant attribute
values, ten different logicsl rules for grouping stimuli may be
identified (Hunt, 1962; Neisser and Weene, 1962). To illustrate
these rules, consider a well-defined, multi-dimsnsional stimulus
population in the form of an array of geometrical designs
characterized by variations in shape (square, circle, or cross),
colour (red, green, or black), number of figures (one, two, or
three), and number of bordsrs (none, one, or two). Suppose
two of these attribute values, say, redness and squareness, ars
arbitrarily designated as relevant to the cancept. For nominal
concepts, stimuli are divided into two, those which are members
of the concept, called positive instances, and those which are
not members of the concept, called negative instances, l.e.,
there is a binary response systam.

Sixteen binary partitions of this stimulus population are
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possible. Of these, two are trivial because they place the
entire population into either the pasitive or the negative
category. In addition, there are four pairs in which the
partitioning of the stimulus population for each palr follows
the same rule, with only a changse in ths attribute values
distinguishing each membar of the palr. Ten different, non-
trivial rules remain and these fall into five complementary
pairs having the property that any instance which is posltive
for one member of the palr is negative for the other, A summary
of these rules is given in Table 1 in the form of a truth table,
which shows the state of each rule on each of the four possible
stimulus contingencies. The truth (T) or falsity (F) of a rule
signifies a positive or negative instance respectively; the
truth or falsity of an attribute value signifies the presence or
absence of that attribute value in the stimulus.

It will be noticed in Table 1 that each of the ten rules has
been given a symbolic description. These descriptions are
derived fram symbolic logic in which they represent connectives
having the same truth-table function. In logic, these
connectives have been assigned names and conventional verbal
expressions have been adopted to describe their operation.

These same descriptions have baen employed in studies of concept
learning and a summary in terms of our two relevant attribute

valuss, redness and sguareness, may be found in Table 2,
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Also in Table 2, alternative logically equivalent

expressions have been provided for some of the rules with the
aid of DeMorgan's laws (Jeffrey, 1967). Using these laws,
Neisser and Weene (1962) have suggested that rules may be
hierarchically classified such that single attribute value
concepts make up the lowest level, with higher levels being
formed firstly, from the supposedly fundamental operations
of conjunction, inclusive disjunction, and negation, and
secondly, combipations of thase fundamental rules. It should
be understood here that these same laws make it possible also
to form different hierarchies. For example, it ls possible
to adopt only conjunction and negation as fundamental operations
8o that higher levels are composed of combinations and multi-
plications af these rules, whichever hierarchy should be
accepted is an empirical question and more will be said on
this later. For the present, it will suffice to observe that

concepts may be hierarchically organised within a category.

State of

attributes State of conceptual rule
R S gasic rule Complementary rule

R | rns| Rug| ReS| ReS | R | R/S| RIS | RAG| RUS

T T T T T T T F F F F F
T F T F T F F F T F T T
F T F F T T F T T F F T
F F F F F T T T T T F F

TABLE 1 Truth table for ten different rules,
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This dissertation aims to investigate some of the
psychological differences between these rules when subjects
are required to learn concepts involving them. Before such
an investigation can be properly undertaken, however, an
appreciatian is necessary of some of the variables prssent

in a conceptual task,. These will be discussed in Chapter 2.



BASIC RULE COMPLEMENTARY RULE
Name Symbolic L Name Symbolic
Desecriptian Verbal Description Description Verbal Description
Affirmation R All red patterns are Negation R All patterns which are
examples of the concept naot red are examples
Conjunction RAS All patterns which Alternative RIS All patterns which are
are red and sguare Denial or _ either not red ar nat
are examples Disjunctive [RUS] sguarg are examples
absence
Inclusive RUS All patterns which are Joint RS All patterns which are
disjunction red or square or both Denial or - neither red nor square
gre examples Conjunctive [Rn51 are examples
absence
Conditional R-5 If a pattern is red, Exelusion RAS All patterns which are
[RUS] then it must be a sguare red and nat sguare are
to be an example examples
Biconditional ReS Red patterns are Exclusive RUS Rll patterns which are
_ examples if and only if disjunction o red or square but not
[ (RNS)HUCRAS)] they are sguares [(RAS)U(RN3)] both are examples

1 R and 5 stand for red and square (relevant attributes), respectively. Symbolic descriptions
using only three bhasic operations, A, U, and negation, are given in brackets:

TABLE 2 Conceptual rules with their symbalic and verbal descriptions (From Haygood and Bourne, 1965).

*21
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CHAPTER 2

VARIABLES 1IN CONCEPTUAL TABKS

Essentially, the experimental paradigm for the study of
conceptual behaviour involves the presentation of a set of
discriminably different stimuli to the subject with the
requirement that he make one of a fixed number of discrete
classificatory responses for each stimulus in the set. Since
the number of responses availlable is always less than the number
of stimuli in the set, the subject must respond to different
stimull in the same manner. The task is to discover the
rule according to which responses are assigned to stimuli.

A number of variables have been found to influsnce the subject's
performance on this task.

Stimulus material

Probably the most commonly used stimulus materials in
conceptual tasks are geometrical designs, typically printed
or drawn on cards or photographed. Ordinarily, these vary
along well-defined dimensions such as colour and shape, sach
dimension consisting of a fixed number of levsls or values.
The prevalence of their use in experimental studies may be due
to their simplicity, familiarity, and highly dimensionalilzed

nature (Bourne, 1966), but no study has systematically compared

them with other kinds of materials less fregquently employed.



Among other stimulus materials used are strings of letters
(e.g., Neisser and Weene, 1962) in which each posltion in the
string may have any ane out of a specified pool of consonants.

Other studies have utilized less mbstract, more concrets
materials, One such instance comes from the experiments of
Underwood and Richardson (1956 a; 1956 b) who required subjects
to classify the names of common objects by some adjective,
descriptive of sensory impressions aroused by the nouns,
For example, "sBnow", "tooth", "chalk", and "milk" may be grouped
together by the adjectival concept, "white". Using verbal
materials introducecs an additional variable, namely, the
strength of the association betwesn the stimulus noun and the
adjective response. Underwood and Richardson have calibrated
a restricted list of nouns and associated adjectives in terms
of this variable which they have called response dominance.
This calibrated material was then used to sxplore a possible
relationship between dominance and speed of concept learning.
As one would expect, it was found that the higher the dominance,
the greater was the degree of learning. Coleman (1964) has
since replicated this finding. It would seem that response
dominance provides a measure of the strength of preestablished
conceptual relationships.

A comparison betwesn abstract and thematlc stimulus

materials has besn made by Bruner, Goodnow, and Austin (1956).

14,
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The naturs of the thematic material was such that it could
be easily dimensionalized and that it should be suggesetive
with meaning, “evocative of a little story or theme". The
result of using this form of stimuli was seen in that the subject
tended to adopt hypotheses about the possible groupings which
seemed reasonable in the light of the evoked theme. Moreover,
with thematic material more than with abstract material,
certain attributes tended to take on nonrational importance

80 that the subjects hypotheses seemed to be formulated

- groaund them,

Stimulus presentation procedures

Two different procedures exist for presenting stimuli
in conceptual tasks: a reception procedure and a selection
procedure, With the reception procedure, instances of the
concept are usually presented successively to the subject in
an order which has been predetermined by the experimenter.
After each instance is presented, the subject is required
to categorise it as positive (i.e., an instance included by
the definition of the concept) or negative. Informative
feedback is then provided by the experimenter on whether
the subject's classificatory response was correct or not,
Then the stimulus is removed, a new one presented, and the
same process repeated, Some variations from this basic
method are sometimes used. One is to employ a simultaneous

presentation method in which subjects are permitted to see
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all stimulus patterns at once instead of successively. This
has the effect of simplifying the task, because information
from previous trials does not have to bs retained in memory
(Hovland and Weiss, 1953). Another 1s to require the subjact
to make an-additlonal response to categorizing the presented
stimulus. In this case the subject is asked to state a reason
or hypothesis for the particular category chosen on each trial.
This has the advantage of yielding more information on the
‘subjecﬂs behavigur during the task as well as providing a
secaond measure of overall performance. Some of the relationships
betwesn category responses and hypotheses have been indicated
by Bourne (15965).

With the selection procedure, all instances are usually
displayed simultaneously. Typically the task begins by the
experimenter designating one member of the stimulus population
as a positive instance of the concept which must be discovered.
From this point all instances are selected by the subject
himself so that the sequence of instances is under hls control.
As each instance is chosen, the experimenter indicates whether
it is positive or negative, when the subject considers that
he has identified the concept, he verbalizes it to the experimenter.
If his hypothesis is correct, the problem is considerad solved;
if incorrect, the procsdure is continued until the concept has

been verbalized, In a number of experiments employing a



17.
selection procedure, the subject is required to make an
hypothesis after each instancs. In this way more infarmation
may be gained concerning the subject's behaviour during the
task, Requiring subjscte to hypothesize on every trial has
been shown by Byers and Davidson (1957) to facilltate cancept
identification, however. Unless data on hypothesizing
behaviour is specifically needed, it would seem inadvisable
to introduce this additional variable when using a selection
procedure,

Several studies have sought to compare efficilency of
concept identification using the two procedurss yoked so that
each subject on the reception procedure receives the same set
of stimuli in the same order as sélectad by another subject
on the selection procedure, Unfortunately, no definite
conclusions are possible about the relative difficulty of
concept attainment using these procedures. Twn studies
(Huttenlocher, 1962a; Murray and Gregg, 1969) favour better
performance on the reception procedure, one (Hunt, 1965)
favours better performance on the selection procedure, and
two suggest interaction effects between the type of procedure
employed and coneeptual rule (Schwartz, 1966), and between
the procedure and amount of stimulus variability (Laughlin, 19G9b).

Schuwartz (19665) reported that the selection paradigm gave

superior performance for conjunctive concepte, while disjunctive
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concepts were solved more sasily using the reception paradigm.
His conclusions seem open to objection for at least four reasons.
Firstly, Laughlin (1969b) did not obtain any significant
Paradigm X Rule interaction.  Secondly, since no post-hoc
analysis is given, it 1s impossible to know that the interaction
obtained by Schwartz is due to the yoked selection and reception
procedures, Rather, it seems more likely that the effect is
attributable to the relative difficulty of the random condition
which was also conducted for each rule, Thirdly, the time to
gttainment measure for disjunction is in the direction of
gasier concept attainment with a reception procedure, but a
trials to attainment measure on this same rule is in the reverse
direction. Fourthly, the response measures for disjunction
seem unreliable, anyway, 8ince they ars based only on those
subjects who actually attained the concept. More than half
the subjects failed to achieve this objsctive within the limit
of one hour or G4 trials.

In Laughlin's (1969b) experiment stimulus veriability was
manipulated using a six two-valued attribute display and a
four three-valusd attributs display. Laughlin found that
the raeception paradigm was more difficult than the selection
paradigm using a & - 3 stimulus universe, but less difficult

using a 6 - 2 unlvarse, Unfortunately, the two stimulus



19,
populations confound interdimensionsl and intradimensignal
variability, so we are unable to know whether either one or
both of these sources of irrelevant information interacts
with the praocedure. Other experiments have utilized different
amounts of both sources of variability. Thus Huttenlocher
(19:2a) used tws (or three) attributes each with two values,
Hunt (1965) four attributes with four values each, and Murray
and Gregg (19G69) two four-valued attributes, If both inter-
and intra-dimensional variability are important, then this
would suggest that the total number of stimuli is the factor
influencing the relative difficulty of the selection and
reception paradigms, This hypothesis does divide the
experimental findings into two groups. Far small numbers
of stimuli, ®.Q., 8 (Huttenlocher, 1962a), l6 (Murray and
Gregg, 1969), and 64 (Laughlin, 1969b), easier concept
tdentification is obtained using & reception procedure
rather than a selection procedure. For larger numbers af
gtimuli, e.g., 81 (Laughlin, 1969b), and 256 (Hunt, 19G65),
easier concept identification is obtained using a selection
procedure rather than a reception procedure. Further work
is necessary to confirm this hypothesis,

Alternative hypotheses may suggest a role for the way
in which stimuli are presented, that 1s, either successively
or simultaneously. However, there is no indication that

thls factor can be used to discriminate between discrepant
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results. Moreover, Laughlin's (1969b) failure to find an
interaction between paradigm and a memory aid conditlion tends
not to support such an hypothesis, since memory load has been
cited as an essential difference betwsen simultaneous and
successive presentation methods (Hovland and Weiss, 1983),

Stimulus variability

The stimulus population in most concept praoblems is
characterized by a sst of dimensions, each of which has two
or more values, Some of these dimensions are relevant to
problem solution in the sense that they define the cancept
to be identified. Other dimensions are irrelevant and can
be ignored., Moreover, within dimenslons values may also be
relevant or irrelevant depending on whether they may be used
to specify the concept, A number aof experiments have saught
to examine the effects of the amount of relsvant and irrelevant
information on performancs.

1, Ampunt of 1lrrelevant information

8. Due to interdimensional variability

Using visually presented stimuli, many workers have shouwn
that task difficulty measured by trials, time, and errors to
solution increases linearly as the number of irrelevant
dimensions increases (Brown and Archer, 1956; Bourne, 13957;
Bourne and Pendleton, 1958; Battig and Bourne, 1961; Lordebl,

1961; Walker and Bourne, 1961; Bourne, Guy, Dodd, and Justesen,
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1965; Haygood and Stevenson, 1967). The only experiments
to report a nonlinear relatlionship werse by Archer, Bourne,
and Brown (1955), who obtained both significant linear and
quadratic trends for increasing diffilculty with increasing
amount of irrelevant information, and Byers and Davidson (1968),
who were unable to find a significant linear trend although the
means for the three levels of irreslevant information were
ordered in the esxpected direction.

With aurally presented stimuli, Bulgarella and Archer
(1962) obtained a linear relationship similar to that found
using visual stimulus material. Lordahl (1361), on the other
hand, found no effect on performanceuwlth increasing amounts
of irrelevant auditory information. Keele and Archer (1967)
have attributed Lordaehl's fallure to find any effect either
to the type of auditory material (pure tones) he used or *tao
the fact that less than half the subjects i1dentified the
concept within the fixed number of trials (192 trials) presented.
It seems doubtful that the former explanation can account for
Lordahl's results since Bulgarella and Archer also utilized
pure tones as auditory material. Discarding those subjects
who had not reached the criterion for attainling the concept
after 384 trials, and using sentences as auditory material,
Keele and Archer were able to demonstrate a clear linear
correspondence between difficulty and the number of irrelevant

dimensions,
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b. Due to intradimensional variability.

Battlig and Bourne (1961) wers the first to systematically
explore the effects of intra-dimensional variabllity, using
stimulus material having 2, &4, or & values per dimension.

The solution in each case involved two relevant dimensions,
wWith two-valued dimensions the subject was required to combine
one value from each relevant dimension to solve the problem.
With six-valued dimensions three values from each relevant
dimension had to be combined. Using this procedure, Battig
and Bourne found a linear decrement in performance with
increasing number of valuss on each dimension. On the basls
of this result and also the observation of a linear decrement
in performance with an increasing number of irrelevant dimensions,
Battig and Bourne suggested tentatively that both types of
irrelevant information, inter- and intra-dimensional, might

be considered in the same way theorstically.

The procedure employed by Battig and Bourne necessltates
some caution in accepting this possibility. In increasing
the number of values on each dimensicn, these workers have
increased the number of relevant values per relevant dlmension
as well as the number of irrelevant valuss on each dimansion.
In other words, not only hag the amount of lrrelevant information

been increassed, but also the amount of relevant informatlan.
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Haygood, Harbert, and Omlor (1970) have followed a more
suitable procedure for assessing the effects of irrslevant
intradimensional variability independent of relevant
intradimensional variability. Their method was simply to
select only one value in each case from ths particular
dimension chosen to define the concept. They found that,
instead of an increase in difficulty with increasing numbers
of values on each dimension, there was a decrease. This
result suggests that the two types of irrelevant information
are not alike in their effects on performance, in contrast
to Battig and Bourne's suggesation. The relationship obtained
by Haygood et al., between improvement in performance and
increasing irrelevant intradimensional variability was positively
decelerating, such that changes in performance as the number
of values per dimension became larger sesemed less likely to
be significant,

2e Amount of relevant information

The evidence pertaining to the effect on problem difficulty
of the amount of relevant information is complicated by
confounding factors which have been present in some experiments,
The basic finding is that difficulty increases linearly with
the number of relevant dimensions, This result has bean
obtained by Byers and Davidson (1568) and Looney and Haygood

(1968) using visually presented stimuli, and by Bulgarella
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and Archer (1962) using abstract auditory signals. In an
gxperimsnt in which the number of relevant variables was
confounded with the number of response categories, Walker and
dourne (1961) reported an accelerating increase in difficulty
wlth ipcreases in the number of relevant dimensiaons, Bourne
(1966) has attributed the exponential relationship to the
joint effects of the two variables confounded, Another
study (Glanzer, Huttenlocher, and Clark, 1563) confoundead
the numbers of relevant and irrelevant dimensions in such a
way that as the number of relevant dimensions increased, the
number of irrelevant dimensions decreased, From the results
of their experiment, Glanzer st al, concluded that the mast
difficult concept was the one requiring an equal division
of dimensiona into relevant and irrslevant, Laughlin (19G8a)
alsg confnounded the number of relevant and irrelevant dimensions
in an experiment investigating conditional concepts. Like
Glanzer et al., he reparted a curvilinear effect on performance
as the number of relevant dimenslons increased, but in his
experiment the ratio of the number of relevant dimensions to
the total number of stimulus dimensions for the mast difficult
caoncept was slightly more than a half, |

5l Stimulus redundancy

Redundancy exists in a stimulus population whenevar the
actual number of stimulus patterns 1s less than the number that

could be generated from the given stimulus variables, that is,

the number of dimensions and the number of valuss on esach
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dimensian. For example, suppose all large patterns are red
and all small patterns ars green, It is clear in this case
that the actual number of patterns will be less than is
theoretically possible since there are no large green and no
small red patterns. We may therefore say that this population
containe some redundancy. In this example the dimensions of
colour and size are perfectly correlated. Thus, the information
contained in thess two dimensions 1s completely redundant.
dy varying the number of dimensions correlated in a stimulus
populatlon, the amount of redundancy in the population is
changed,

Bourns and Haygood (1959, 19¢1) have conducted several
experiments investigating the effects of amount of stimulus
redundancy on concept identification. when redundancy was
limited ta relevant stimulus dimensiona, performance impraved
as redundancy lncreased. This effect became more pronounced
as the number of nonredundant irrelevant dimensions became
larger. When the redundancy was limited to irrelevant
dimensions, a decrement in performance resulted with increasing
redundancy. However, this decrement in performance from
addlng redundant irrelevant dimensions was not as great as
that obtained by adding an equivalent number of nonredundant

irrelevant dimensions.

Garner (1962) has suggested that form as well as amount



of rsdundancy may be an important varliable, By form of
redundancy he 1is referring to the particular stimulus patterns
in a population, emphasizing that it matters not only how many
possible patterns have been sxcluded but also which ones.
The form of redundancy utilized by Bourne and Haygood (1959,
1561) consisted of a perfect correlation between the levels
of two or more stimulus dimensions, Haygood and Bourne (1964)
sought to compare thls form of redundancy (Form A) with a
second form (Form B)‘in which the levels of one dimension
were contingent upon a combination of levels within two or
more other dimensione, For problems with the same amount
af relevant rsdundancy, Haygood and Bourne found performance
using Form A redundancy superior to Form B, confirming Garner's
expectation of the importance of this variable. Both experimental
groups made fewer errors than two control groups in which the
redundant dimension was either eliminated or convaerted to
nonredundant irrslevance. Ng interaction effect on performance
was evident between the amount and the form of redundancy.
Furthermore, the Interaction between form of redundancy and
the number of irrelevant dimensions was also nonsignificant,
in contrast to the earlier finding of Bourne and Haygood for
amount of redundancy.

The above studies on the effects of redundancy have utilized

visual stimuli in the form of geometrical designs. A recent
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study by Keele and Archer (1967) also using visual material
has replicated the findings on the effects of amount nf-
radundant relevant information, except for the significant
interaction between amount of redundancy and amount of irrelevant
information reported by Bourne and Haygood. With sudltory
stimuli a surprise result was the feilure to find an effect
of redundant relevant information on performance in one
experiment, although in a second experiment some improvemsnt
was nbserved,

Salience of stimulus information

Several studies have demonstrated a role for the sallence
or ettention value of stimulus informatiorn in determining the
difficulty of a conceptual task. Mention has already been
made of the importance of concrete or thematlc stimulus materials
on the hypotheses llkely to be entertained by the subject.
Evidence can also be drawn from studies employing abstract
geomstrical patterns that some dimensions are more sallent
thean others., For example, Brown and Archer (1556) found
concepts having spatial location as the relevant dimension
to be more difficult than others inveolving form or colour,

The effect of the sallence of stimulus information has been
shown by Archer (1962) to depend on the relevance or irrelevance
of that information. Thus, performance is Facllitated when

relevant stimulus infnrmaticn'ia mare salient, and impedsd
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when irrelevant information is more salient.

A number of methods exist for manipulating this variable
experimentally, One method has already been referred to in
the earlier discussion of meaningful or concrete stimulus
material in concept identification. Another approach is
to emphasize the relevant dimension by the addition of a
redundant relevant dimension. For example, Hull (1920)
attempted to increase the attention value of the relevant attribute
in the Chinese characters used as stimuli by colouring it, A
third way of controlling sallience concerns the discriminabllity
of relevant and irrelevant Information, Baum (1954) showed
that when saeveral concepts are to be learned concurrently,
those for which the instances are least discriminable from
each other and mast discriminable from instances of other
concepts are the easlest to learn; conversely, concepts
containing highly discriminable instances which bear some
aimilarity to other concepts are most difficult to learn.
Support for this finding also comes from Shepp and Zeaman (1966)
and Jacoby and Radtke (1989). Anpther factor affecting the
salience of stimulus information is the organization of the
stimulus display. Two examples will be glven. The first
comes from an experiment by Bruner, Goodnow, and Austin (1956)
comparing random stimulus arrays with systematlcally arranged

stimulus arrays in which adjacent stimull differed by only one
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attribute value. They found performance to be significantly
better with the orderly array than with a random array. The
secand concerns the embodiment of all stimulus attributes in
each stimulus pattern or over several spatially separated
patterns, An expariment by Shepard, Hovland, and Jenkins
(1961) revesled better performance on compact than on distributed
atimulus displays. Increased salience of stimulus dimensions
may also be lnduced through preliminary instructions or
pretraining. In a review of studies of shift performance
In human concept identlficetion, Wolff (19:67) showed that
intradimensional shifts are easier generally than extradimensional
shifts, and this difference becomes more marked with overtraining
on the preshift problem. Thus, it would appear that any
pretraining which involved the relevant dimension is likely to
have a facilitative effect on subsequent performance, presumably
because the subject is then attending to the relevant dimension.
A slightly different type of pretraining having a similar effect
was used by Gelfand (1958), who found that preliminary experience
with words associated with relevant stimulus attributes
facilitated performance relative to néutral or irrelevant
pretraining.

Stimulus seguence

An hypothesis proposed by Underwsod (1952) has provided

the stimulus for most experiments in recent years dealing with
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the effects of differing sequences of instances on concept
learning, Underwood's postulate was that, in general, in
order for relationships between stimuli to be perceived and
acquired, responses to thaose stimuli must occur contiguously.
Specifically, if instances of other concepts are interpolated
between instances of the same concept, then contiguity is
reduced between instances of the particular concept concerned
and so acquisition af the concept will be more difficult.

This prediction has received support from a number of
studies., WKurtz and Hovland (1956) required subjects to
learn four concepts using elther a mixed sequence of instances
of each of the four concepts ar an unmixed sequence. Performance
on caoncept identification was better for the unmixed than the
mixed order. Newman (1956) compared two mixed orders of
prasentation which differed in the average number of interpolated
gtimuli shown bestween instances of the same concept. Signifi-
cantly better performance was obtained when instances of the same
concept were closer tngether. Three levels af instance
contiguity were manipulated by Schulz, Miller, and Radtke (1963)
using six verbal concepts and the results indicated concept
identification difficulty to be directly related to level of
contiguity. Bourne and Jennings (1963) investigated four
degrees of contiguity among instances of four different caoncepts.

They observed a linear improvement in performance with increased
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contiguity between instances of each concept. Similar
evidence in support of the hypothesis comes from Peterson (1962).

A somewhat different experimental situation involving a

series of positive and/or negative instances of a single concept
may also be regarded as being relsvant to Underwood's hypothesis
of instance contiguity, A sequence of all positive instances
is one of maximum contiguity, whereas a mixed sequence of
positive and negative instances has less contiguity. Experiments
by Hovland and ueiss (1953) and wWhitman and Garner (1963) have
demonstrated better concept learning using all positive instead
of mixed positive and negative instances. A recent study by
Bourne end Buy (1968b), however, showsd that when there are
more positive instances than negative instances in the stimulus
population as for the conditionel rule, less difflculty is
found with a mixed sequence than an all ponsitive sequence.
In this case, though, a sequence composed of all negative
instances proved easisr than both mixed and all pasitive
SBquences, An exception to these findings comes from an
experiment by Huttenlocher (1962b) who found a mixed serles
of positive and negative instances was easier than both all
positive and all negative series for one dimensional concepts.
This result may be related to the fact that the series used
contained only two instances, suggesting that longer seguences

are necessary for contiguity to have an effect.
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Nat anly may contiguity of instances be varied by means
of the positive - negetive sequence, but alse by presenting a
series of positive instances of one type and then another.
This method has been used by Haygood, Sandlin, Yodsr, and
Dodd (1969) with disjunctive concepts utilizing positive
instances having only one relevant attribute value. Three
different sequences were tested, each with the same order of
positives and negatives, but varying in the number of positive
instances of a particular type presented before alternating
to the other type of positive instance. The results once
again supported the contiguity hypothesis in that feuwest
errors were made at the highest contiguity level, that is,
when the number of instances of the same type presented
consecutively was greatest.

An alternative account of stimulus sequence effects has
been provided by Detambel and Stolurow (1956) in terms of
the effect of sequential manipulations of relsvant and
irrelevant stimulus dimensions. They propossd that concept
identification is most efficient when (a) the same relevant
cue is presented on adjacent trials and irrelevant stimulus
components changed, or (b) the relevant cue is varied and
irrelevant stimulus components held constant. Using these
rules, Anderson and Guthrie (1966) obtained results which

indicated that a special type of mixed series of instances,
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namely, an alternating series, produced fewer errors during
training than a constant series, contrary to the expectatian
of Underwood's instance contiguity hypothesis. An interaction
effect on both training trials and test trials between the type
of series (alternating or constant) and the number of stimulus
dimernsiaons changing from trial to trial (1 or 3) was interpreted
as providing support for Detambel and Stolurow's rules for a
"good" stimulus sequence. For the alternating series, the
group in which 1 stimulus dimension changed between each pair
of adjacent training trials showsd fewer errors than the group
in whiech 3 dimensions changed. For the constant series, on
the other hand, fewer errors were made by the group in which
3 dimensions changed compared with the group in which 1
dimension changed.

Peterson (1968) and Dominowskil (1968) have lndependently
made the observation that in many investigations of stimulus
sequence effects the order of stimulus presentations has heen
confounded by testing order. This fact makes it possible
that the findings of these experiments may be due simply to
response bias effects. That is, subjects may learn to maka
few errors by learning the seguential constraints in the
stimuli presented instead of learning the concept. Where
test trials have been used not confounding order, the evidence

in favour of contiguity is not so strong. For examplse,
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Kurtz and Hovland found no significant difference between the
number of correctly catsgorized test stimuli following mixed
and unmixed order of presentation. Their evidence supporting
contigulty rests on more correct verbal descriptions of the
concepts being made after an unmixed series compared with a
mixed series, Similarly, the svidence against contiguity is
also weakened, since Anderson and Guthrie's finding of better
performance for alternating series than for constant serises
was obtained only on training trials. No difference betwean
the two types of series was found on test trials,

Paterson and Dominowski have conducted experimsnts which
enable stimulus sequence effects to be assessed in the absence
of responding cues, Both have obtained results confirming
the contiguity hypothesis, However, an attempt by Peterson
to replicaete Anderson and Guthrie's results was unsuccesasful.
Further wark is ngcessary to determlne the conditions, if any,
under which Detambel and Stolurow's rules for stimulus seguences
apply. Qther aspects of stimulus seguences not considered
in previous investigations also require examinatiocn. For
example, the suggestion is contained in the work of Bruner,
Goodnow, and Austin (1955) that the first instance presented
in a conceptual task may have an lmportant effect on subsequent
behaviour on the task, Similar suggestions have alsc been

made by Huttenlocher (1962b) and Glanzer, Huttenlocher, and
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Clark (1963). In anothar context, the concept formed of a
stimulus person has been shown to be strongly influenced by
the kind of information first encountered (Luchins, 1957).

Positive and nepative instances

Smoke (1933) was the first to suggest that the efficlency
of concept attainment might be affected by prasenting instances
of what a concept is not rather than instances of what it is,

He did not, however, evaluate the amounts of Information
logically conveyed by these negative and positive instances,

It is not clear, therefore, from his data whether the relatively
inefficient use of negative instances was due to the relatively
small amount of information transmitted by them relevant to the
concept or to difficulty experienced by subjects in assimilating
negative information.

A more suitable method for comparing positive and negative
instances was proposed by Hovland (1552). If the number of
possible concepts of a particular type is specified by the
stimulus population employed and these concepts can be listed,
then the amount of information transmitted by a positive or a
negative instance can be determined by the number of possible
concepts loglically sliminated by its presentation. Using thls
procedyre for equating the informational content of positive
and negative instances, Hovland and Weiss (1953) found that

problems defined by all positive instances were sasier to solve
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than those defined by all negative instances, wifh a mixture
of positive and negative instances having intermediate difficulty.
In a slightly differant but relasted experimental task, Wason
(1959, 1961) likswise indicated that negative statements took
longer to process than positive statements, even when the
amount of information conveyed by both staetements was squated.

Later experiments have shown that the amount of information

transmitted by positive and negstive instances is also an
important variable. In the experiments so far described
in this section, only conjunctive or unidimensional problems
were used, and in these cases the informational value per
instance of positive instances is typicelly greater than of
negative instances. with rules like the conditional, the
reverse is true, Bourne and Guy (1968b) have demonstrated
when conditional concepts are required to be identified that
negative instances produce easisr concept ldentification than
either mixed positive and negatlive instances or all positive
instances, For the four three-valued attribute stimulus
population utilized by Bourne and Guy, an inclusive disjunctive
conocept ylelds an informational value per instance for
negative instances which is slightly greater than for positive
instances. On this type of problem, however, subjscts required
more trials to solution and made more errors with an all

negative sequence than elther a mixed or an all positive
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geguence, contrary to the expectations of the informational
analysis, Apparently, the disparity in informational value
between positive and negative instances in this case is
insufficient to be able to compensate for ineffective handling
of negative information,

Several accounts have been offered why negative information
is found more difficult to process than posgitive, Freibergs
and Tulving (1961) suggested that the greater difficulty of
negative instances may be a reflection of the observation that
positive instances are more fregquently handled in sveryday
circumstances than are negative instances. Given suffiecient
practice at utilizing negative information to form concepts,
they suggested that the differences between positives and
negatives should disappear. An experiment examining this
hypothesis indicated virtually no difference in difficulty
in concept attainment between all positive and all negative
instance sequences after practice on 20 problems,

Wason and Jones (1963) suggested that the connotatlons
of the negative affect the times taken to process negative
information more than its function as a logical constant.
Using neutral signs (nonsense syllables) in place of positive
and negative statements, the diffgrence betwsen the response
times to the two types of sentences was significantly reduced.

Some residual difference still remained, due perhaps to a
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tendency to translate negative Information into positive form,
Related to this is Eifermann's (1961) finding that the Hebreuw
word for "not" which is normally used in all contexts required
longer processing time than the other Hebreuw word for '"not"
which is normally used in all contexts except the prohibitive.
Hoth negative statements, however, had longer rosponse latencies
than a positive statement. The importance of the connotation
of the negative has also been demonstrated in a typical concept
learning task by Seggie (1969) who found the difference betwean
positive and negative instances disappeared when neutral
symbols were used instead.

Perhaps o third account of the difficulty ohtained when
processing negative information comes from an assertion by
Greene (1970) that the natural semantic function of the negative
is to change the meaning of a prior affirmative statement, not
to express the equivalent of an affirmative statement. To
support this assertion Greene showed that negative statemants
which changed the meaning of an affirmative statement took
less time to process than other negative statements which
expressed tha same meaning as an affirmative. A related
finding is that when stimuli are described in terms af an
sxceptional item and a residual class, the response to negative
statements is facilitated if these statements deny that the

exceptional item posssesses the property of the residual class
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(Wason, 1965). On Greene's assertion, therefore, Wason's
(1959, 1961) finding of longer responses to negative information
than to positive information was because the negative was
used in an unnatural way, to state the equivalent of the
positive sentenca, Applying Green‘s suggestion to conceptual
problems, requiring subjects to learn concepts entirely from
negative instances is also using the negative in an unaccustomed
manner. A more appropriats use would consist possibly of a
mixture of positive and negative informastion. Relsvant to
this notlon 1s Huttenlocher's (1962b) result where a mixed
sequence of positive and negatlvs instances yielded better
learning than both all negative and all paositive instances.
Other evidence contrary to Huttenlocher's (e.g., Hovland and
Weiss, 1953; whitman and Garner, 1963), however, should be
cited hers. Clearly further work is required to ressolve this
discrepancy. It would seem that contigulty effects may be
confounded with the effects of positive and negative instances.
Perhaps trlal-by~trial response measurss need to be recorded
in addition to opverall performance indices such as trials,
errors, and time to solution,

Another reason for the difficulty of negative instances
compared with positive instances was put forward by Hovland
and Welss (1953), They hypothesized that with positive

instances the relevant attribute values are directly perceptible.
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With negative instances, however, the required characteristics
are not in direct view so that the subject must infer the
proper combination from the Pact that these characteristics
never appear together., Hovland and Weiss proposed this
explanation for conjunctive concept learning. An extension
to nonconjunctive concepts has been suggested more recently
by Haygood and Devine (1367). For these rules, these authors
reported that incrsasing the proportion of instances embodying
both relevant attribute values with the proportion of positive
instances held constant improved perfarmance, That is, the
most efficlently processed positive instance is the one having
both relevant attribute values (TT). As for conjunction,
Haygood end Devine suggested that identification af the cancept
from TT instances involves little more than a perceptual task.
To identify the concept from gthar instances, on the ather hand,
is essentially an infersntial problem in which information
must be transformed “in-the-hsad®, Two components are involved
here. Firstly, for instances other than TT instances, the
concept must be derived using an indirect procedure which has
been shown by Campbell (1965), for example, to be a more
difficult method of problem-solving than a direct procedure.
Secondly, the information must be transformed "in-the-head®
for all instances except TT instances where information processing

receives perceptual support, that is, non-TT instances impose
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a greater memory load than TT instances. More will be said

later in this chapter on the importance of memory in concept
learning, For the present we shall note Bruner, Goodnow,

and Austin's (1956) observation that concept problems performed
"in-the-head" are more difficult than problems in which an
orderly array of instances is continually available to the
subject.

Informative feedback

La Informativeness af feedback

The role of the amount of information supplied to the
subject following a category response has been investigated
in several studlesa, One such study was conducted by Bourne
and Pendleton (1958) using a four-category conjunctive task.
Informativensess was varied in two ways: (1) the information
specified in feedback, and (2) the probability that feedback
would be omitted on some trials. The effect of amount of
information specification was considered using two conditions.
In one condition the subject was told on each trial whether
his response was correct or incorrect; in the other condition
the subject was shown, in addition, the correct response
whenever he made an error,. Performance was significantly
better when more information was specified during feedback.
The effect of probability of informative feedback was studied

under conditions in which feedbsck was omitted on 0%, 10%,
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20%, and 30% of trials, As expected, more trials to solutlaon
were required as the percentage of trials without fsedback
increased. Moreover, the increased numbar of trials to
eolution required was greater than the number of trlals
without feedback, suggesting that the no-feedback instances
had an interfering effect on retention of information from
feedback instances,

A recent study by Laughlin (1969a) has confirmed the
finding that performance is improved by increasing the amount
of information provided during feedback. In this experiment
information specification for conditional concapts was
manipulated using 11 feedback conditions, Four conditions
specified one of the Ffour possible cases of concept instances
(if factor present, then factor present; if present, then
absent; 1f absent, then present; 1if absent, then absent),
leaving the other three cases ambiguous; 6 conditions specified
two casss, leaving two cases ambiguous; and 1 condition
speciflied each af the four cases, The selection procedure
was employed so that feedback was supplied following the
selection of sach instance. Performance was found to be
a8 direct function of the number of cases of concept instances
specified,

Another experiment by Buss and Buss (1956) was concerned

with a differsnt aspect of the informativeness of feedback.
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This study sought to compare the effect of giving the fesdback
"right" after correct responses and the feesdback "wraong" after
incorrect responses, Three conditions were used: (1) "right"
for a correct response, nothing for an incorrect response;
(2) nothing for a correct response, and "wrong" for an incorrect
response; and (3) "right" for a correct responsse, and "wrang"
for an incorrect respaonse. The results indicated better
learning on the "right" - "wrong" and nothing - "wrang"
conditions than on the "right"- nothing condition. Similar
results were reported by Buss, Braden, Orgsel, and Buss (195&6).
These findings are rather unexpected since more information
was supplied on the "right" - wrong condition than on either
of the other conditions so that it might have bsen predicted
that fastest learning should occur an this condltion. The
sxplanation proposed by Buss to fit this data was given in
terme of reinforcement theory and may be divided into three
assumptions: (1) the absence of feedback is a non-reinforcer,;
(2) "right" is a weak positive reinforcer; and (3) "wrang"
is a relatively strong negative reinforcer. It follows that
"right" - "wrong" and nothing - "wrong" are almost egquivalent
in reinforcement value and both provide greater reinforcement
than "right" - nothing. Hence any program of fasdback which
uses "wrong" should producs more rapid learning than programs

without "wrong". A variation on this explanation was suggested
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by Buchwald (1959) who assumed that, over a series of trials,
a blank trial (one with no feedback) acquirgs reinforcement
value opposite in sign to the overt feedback with which it
is paired,

It has been pointed out by Bourne, Guy, and Wadsworth
(1967) that in the Buss studies there were more ways of being
wrong than of being right, so that there were fewer fesdback
trials on the "right" - nothing condition than the nothing -
"wrang" and "right" - "wrong" condltions, Thus, anaother
explanation of Buss's data may be given in terms of the total
nunber of trials accompanied by feedback. Na assumptions
need be made concerning differential reinforcement values of
"right" and "wrong". In an sxperiment in which the proportion
of responses accompanied by confirming ("right") ar infirming
("wrong") feedback was varied, Bourne et al. found the relative
frequency of feedback to be able to account for mast of the
effect on performance.

2o Temporal factars

Several distinct temporal characteristics of a trial in
a conceptual task may be identified (Bourne and Battig, 1966).
These include the duration of stimulus presentation, the
stimulus - response interval, the dslay of informative feedback,
the postfesdback interval, and the intertrial intarval,

Although experimental studies of simple learning in animal
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and human subjects have investigated all of these in some
detail, only the last three mentioned have received attention
in concept identification.

The delay of informative feedback is the time between &
subject's response on any trial and the presentation of feedback.
The effect of delay of reinforcement (which may be regarded as
synonymous with informative feadback) has been studied in a
variety of tasks other than concept identificetion. For
example, a raview of the effects of delay of reward in
instrumental conditioning with animals (D'Amato, 1969) indicated
that asymptotic performance is inversely related to the
duration of reward delay, the longer the delay, the lower the
asymptote. D'Amato also noted that, unlike reward magnitude
and drive level, the performance differsnces to which different
delays of reward give rise emerge rather slowly. In studies
with human subjects, informative feedback or reinforcement
has also been termed knowledge of results. It comes as
something of a surprise to find that delay of knowledge of
results in a motor learning task has no effect on the
performance of human subjects, unless some intervening
responsss occur between the chosen response and feedback
(Adams, 13969).

Bourne (1957) conducted a concept identificatlion experiment

with human subjects and obtezined results which suggested that,
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as the delay of informative feedback increased, performance
became worss, That is, it seems s if human subjects on
conceptual problems behave more like animals on an instrumental
learning task than humane on a motor learning task. Howsver,
in Bourne's study delay of informative feedback was confounded
with another temporal variable, the postfeedback interval, that
is, the time betwsen informative feedback and the presentation
af the next stimulus,. The possibility that this latter
variable mey have had an effect was suggested by findings
in motor lsarning that the critical temporal variable was the
intertrial interval which 1s eesentially the sum of the delay
and postfsedback intervals. A subsequent sxperiment by
Bourne and Bunderson (1963) confirmed this possibility.

They discoversd no effect on performance of delay of informative
feedback, but showed that performance improved with increasing
postfeedback interval. Thus, Bourne's earlier result was

sgen to be an artifact of failing to control the duration

of the postfesdback interval, Thers would appear to be,
therefore, some gensrality betwsen the results for motor
learning and concept lsarning. Longer postfsedback intervals
have been used by Bourne, Buy, Dodd, and Justesen (1965) who
observed increasing duration of the interval to give rise to
facilitation of performance up to an optimum interval, beyond

which performance became slightly worse. The optimum interval
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obtained was longer as the number of irrelsvant stimulus
dimensions was ingreased.

These effects seem to indicate that some kind of task-
relevant activity takes place during the post feedback intserval,
Presumably, subjects may use the interval to rehearse, memorizs,
and process the information convsyed by the stimulus and its
accompanying feedback. When long intervals are used, some
forgetting of information may take place and so have a retarding
effect on performance.

Availability of previous instances

In many concept learning tasks the stimuli to be categorized
by the subject are displayed successively, with only one
stimulus avallable for inspection on any trial, In other
tasks the stimuli to be categorized are displayed simultaneously
and remain available until the end of the problem, Hovland and
Weiss (1953) found that when only negative instances were presented,
more subjects identified the concept using simultaneous
presentation than successive presentation. For poaitive
instances only, the number of subjects attaining the concept
was so high in both cases that type of presentation had no effect.
Simultansous and successive methods of presentation were
also compared by Cahill and Hovland (1960), again using aonly
negative instances. In this experiment, a slightly different

method of simultansous presentation was employed in that stimuli
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were presented successively but, once exposed, remained in
view for later inspection. Agalin, more correct responses
were made under the simultaneous condition that the successive
condition, In the suceesslve condition, memory errors,
cansisting of hypotheses proposed which were incompatible
with previously seen but no longer available instances, were
found to increase progressively with the numbers of intervening
instances.

Bourne, Goldstein, and Link (1964) observed that simultaneaus
and successive presentation methods as used by Cahill and Hovland
are the end points of a continuum of stimulus availability.
Availability may be defined as the number of previously exposed
atimuli which a subject may inspect on any trial. In the
successive condition no previously presented stimuli are
available; in the simultansous conditlon all previously
presented stimull are available,

Bourne, Boldstein, and Link conducted three experiments
to test the effect of availability of previous stimuli., 1In
the first experiment from 0 to 5 stimulli were exposed on any
trial and performance was shown to improve as the number of
avallable stimuli increased. This effect was more marked
in problems with a larger numher aof relevant attributes.

The outcome of the second experiment in which 0 to 10 stimull

were expossed was similar except that performance worsened
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slightly when more than 5 stimuli were exposed on gach trial.
The final experiment suggested that the worsening effact on
performance of a large amount of avallable infarmatiaon may
be due to the limited time (15 seconds) the subjects wers
allowed in which to make their responsas. When this limitation
was removed performance continued to improve when up to O previocus
gtimuli were available for inspection.

i series of studies by Pishkin and Wolfgang (1965),
Pishkin, Wolfgang, and Rasmussen (19G67) and Pishkin (15G67)
gxaminaed the sffect on performance of not only the number
but also the type of instancaes avalilable. Only the availability
of correctly sorted instances in a four-choice concept learning
task facilltated performance; availability of incorrectly
sorted instances did not affect performance. When corrective
feedback was provided on incorrectly sorted instances, the
level of performance was markedly improved, but again no
facilitation was found for increasing numbers of this typse
of instance availabla. These findings may be interpreted
as lndicating that both the stimulus and its correct category
must be given in order for the avallability of past instance
to facilitate concept learning.

The experiments discussed thus far have been condusted
only with conjunctive problems. The effects aof avallability

of positive and negative instances for nonconjunctlve rules
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were considered by Bourne, Ekstrand, and Montgomery (1569),
This experiment differed from earlier experiments also in
that a selection procedure was used instead of the usual
reception paradigm. The results confirmed the importance
of the availability of previous stimuli and thelr respective
categorises as a variable affecting concept learning. The
relative effectiveness of retained instances differed, howsver,
with the rule. For example, positive instances were more
informative for conjunctive and negative instances for conditlonal
concepts, On disjunctive and biconditional praoblems, subjects
appeared to benefit egually from the availability of either
instance type. However, for the biconditional, availabillty
of the most freguently chosen instance type facilitated
performance,

In the sbove studies the retention of instances has been
under the control of the expsrimenter, Two studies (Trabasso
and Bowsr, 1964b; Bourne and O'Banion, 19G69) have attempted
to determine the number of instances subjects are able fu
recall themselves during concspt identification, Trabassao
and Bower tested subjects for their recall of six atimulus
cards and thelr appropriate categoriaes, Overall the probability
of correct recall of an instance was only slightly above chance,
evan though subjects were instructed beforehand that their

recall of inetances presented would be tested as well as thelr
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parformance at concept identification. A serial positiaon
effect of the presentatlon order of instances aon recall was
apparent from the data. In particular, the results showed
clear evidence of a primacy effect and also a smaller recency
gffect in recall.

Bourne and 0'Banion (19639) tested recall of instances
in caoncept identification without any prior warning before
the task. Six instances were again pressnted successively
to the subject who then stated an hypothesis about the solution.
Six problems were presented and after some problems the subject
was asked to freely recall each instance and its category.
The later in the problem series recall was required, the
poorer recall was, suggesting that subjects learn that
retention of the stimulus pattern and its category is unnecessary.
Like Trabasso and Bower, Bourne and O'B8anion noted that only
a minimal amount of information was retained, This obsarvation
was in contrast to large percentasge of prablems solved, 76%,
Alsgo, like Trabasseo and Bowsr, Bourns and 0'Banion obtained
evidence for both primacy and recency effects in racall as
g function of presentation order.

It would seem from this evidence that subjects tend not
to retain information about the concept Iin the form of the
stimuli encountered and their associated cataoruries, Rathsr,

information that 1s retainsd would appear to be derived or
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abstracted from each instance presented. It may be in the
form of a working hypothesis of the concept or it may represent
a summary of the supposed relevance of particular attributes,
Investigations of ths strategies utllized in concept lsarning
have indicated the exlstence of both of these forms (Bruner,
Goodmow, and Austin, 1956). Retention of information in one
or other of these forms has the advantage of reducing the
load on memory. Associated wlth such an advantage, housver,
is the disadvantags that some information must be rejscted.
When information relevant to the concept 1s rejected, performance
is impalred.

When previous instances are svallable, na information need
be rsjected. Instead the task becomes one of selecting the
appropriate or relevant attributes from the inatances displayed.
Dbviously, if the categories to which instances are assigned
are not displayed along with the instance, this information
must be stored by the subject. S8ince such information is
highly confusible, memory errore in performance may be
expected, If insufficient time is allowed to inspect the
available stimuli, again some relevent information will not
be selected sp that performance will be impaired. Furthermors
if the arrsngement of avallable stimull is such that relevant

information becomes difficult to select, psrformance may also
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show a decrement., This possibility has been demonstrated
by Bruner, Goodnow, and Austin (1958) using ordered and
random arrays of stimuli, and may perhaps account for Laughlin's
(1968b) failure to find an improvement in performance when
subjects were supplied with pencil and paper as a memary aid.

General comments

This reviesw has attempted to survey researchcarried out
on the major task variambles in concept learning. Clearly
further work is necessary if the role of these variables is
to be fully understood. Some suggestions for future experiments
have been made during the course of the review, One gap in
present knowledge which perhaps needs more emphasizing is the
study of interaction effects between variables. In many cases
in the preceding discussion, the effect of two variables
together was different from the sum of the effects of the
two variables examined separately.

what conclusions have been made in this review should
be taken into ascount when considering the experiments to
follow in subseqguent chapters, Unless information is provided
to the contrary, these experiments employ in general a standard
procedure, Thus, the stimulus material consists of geometrical
designs varying along four dimensions, each dimension having
thres values. The salience of each of thaese dimensions no

doubt varies, so effscts of particular dimensions are minimized
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through random selection of the relevant attribute values
for each subject and praoblem. Two relevant attribute
values are chosen in sach case. The selection paradigm
is employed so the stimulus seguence presented is under
the control of the subject, except for the initial instance
which is determined by the sxperimenter. In most experiments
the initial instance is paositlvea. The effect of presenting
a negative instance at the start of a problem is examined in
Experiment II. The rats at which instances are selectad is
paced by the subject and feedback is administered immediately
following sach instance selected, In all experiments the
stimulus population is displayed on a table in front of the
subject, In some experiments stimuli are arranged in an
orderly, systematic array, in others a random array is used.
No memory alds are made available to the subjesct which he
may use to assist himself in retaining either previous instances
selected and their categories ar informatlon derived from these
past selections. Exceptions to this generalization are
Experiments IV and V in which the use and affectiveness of
various ertificial memories form the subject of inguiry.

This review should not be regarded as being exhaustlive
of all varisbles present in concept learning. Other variables
not considered here should alsg be mentioned, e.g., age,

intelligence, motivation, personality, social variables, etc.
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For the most part, these are variables connected with the
subjects in the experiment, Thelr omission is not intended
to signify that they are unimportant in concept identificatiaon.
Rather 1t is an Iindication generally that l1lttle is understood
of the role of these varliables, mainly because of methodological
difficulties associated with thelr use in controlled experimental
studies. No detalled review of such variables is presently
available to the knowledge of the writer, Without doubt,
this indicates serious neglect by workers interested in concept
learning, Nevertheless, a brief introduction to the effects
of some of these variables may be found in Bourne (1966) and
Jensen (1966). In the experiments to be reported in this
dissertation, the subjects are randomly selected from the
subject popl of first year students doing psychology at the
University of Adelaide, Accordingly their average age liss
between 18 and 15 years and they are of above average Ilntelligence.
Each subject is run individually and the only other person is the
room at the time of the experiment 1s the axperimesnter, who
gives the initisl instructions, provides feedback on each
instance selected, and decidses when sach problem is completed.
The motivation of the subject is assumed to be controlled to
a large extent by the instructions, It became evident ovsr
the course of these experiments that many subjects regarded

the task as a test of their intelligence, despilte being told
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otherwise, Generally therefore it may be sssumed that
subjects are highly motivated to perform well. The experiments
ars conducted in a room whose surroundings, while plsasant,
are not likely to distract the subject from his task.

One other variable has not been considered in thils
revieuw, namely, thé logical relationship between relevant
attribute values or concsptual rule. Most of the studies
so far discussed have used either affirmationsl or conjunctive
concepts. Occasionally experiments incorporating other
conceptual rules have been conducted and in most cases these
have been mentioned along with the other studies, The aim
of the succeeding chapters is to investigate the effect of
this variable on conceptual performance. In conceptual
problems three types of instructions to subjects may be
used (Haygood and Bourne, 1965): firstly, subjects may be
required to learn both the relevant attribute valuses and the
rule relating them in the soncept - camplete learning;
secondly, subjects may be instructed concerning the particular
rule involved in the concept and set the task of identifying
the r:levant attribute values ~ attribute idsntification;
finally, subjects may be given the relevant attribute values
of the concapt and reguired to learn the rule which combines
them - rule learning. Virtually all of the studiss considared

in this chapter have utilized one of the first two instructional
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conditians,. Relatively few studies have investlgated
rule=learning. In this dissertation experiments on the
attribute identificetion of concepts are described in Chapters

I1I, IV and V; rule-learning is examined in Chapter VI.
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CHAPTER 3
ATTRIBUTE IDENTIFICATION OF CONCEPTS
EMBODYING DOIFFERENT LOGICAL RULES
In Chapter 1 ten different nominal conceptual rules
were distinguished for relating two relevant attribute valuses,
In Chapter 2 it was suggested that these rules represented
a variable whose effect on performance required experimental
investigation in the same way as other task variables. In
this chapter this effect will be examined with reference to
attribute-identification tasks.

Effect of rules on attribute-identification difficulty

Early studies of conceptual rules were concerned for
the most part with conjunction and inclusive disjunction.
Probably the first workers to consider in any detail disjunctive
concept identification were Bruner, Goodnow, and Austin (1956),
who, slthough they made no direct comparison between con junctive
and disjunctive rules, suggested that disjunctive concepts
were more difficult to attain. Later and more systematic
investigations have confirmed this suggsstlon.

Hunt and Hovland (1960) studied the order in which three
types of concepts were proposed as a solution when all were
consistent with a particular grouping of stimuli. A training
seriss of positive and negative instances was presented to

each subject. The instances in this series were chosen in
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such a way that the positive category could be described
logically either by a conjunctive, a disjunctive, or a
relational rule. The relational concept need not concern
us here since this is formed by an ordimal rule, The
training series was followed by a test series of instances
in which the subject was reguired to select those instances
which wers paositive according to the concept he had formed
during training. Hunt and Hovland found conjunctive concepts
to have besn formed with grsater freguency than disjunctive
concepts., If frequency of formation may be interpreted as
an indicator of the relative difficulty of each rule, then
it can be concluded that conjunctive concepts are easier
than disjunctive cancepts,. It is apparent, however, that
the task used by Hunt and Hovland was not an attribute-
identification task, but more like a complste - learning task.
A reasonable guestion to ask concerning these results, therefore,
is whether the differences obtained were due to rule - learning
or attribute -~ identification or both,

An answer to the guestion whether such diffsersnces occur
on attribute - identification ia found in an experiment by
Conant and Trabasso (1964). In this study subjects wers
required to discover the solution to conjunctive and inclusive
disjunctive problems using a selection procedure. Problems
of both types were presented to all subjects according to

8 counterbalanced design such that half the subjscts took
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conjunction first, the other half disjunctiaon, The stimulus
population contained four dimensions, each with two levels,

The results showed that disjunctive concepts necessitated
more trials to solution than conjunctive. Similar results
have been reported for fifth-grade children (Divesta and
Walls, 1969),

Recent studies have extended the number of rules considered.
Haygond and Bourne (1965) compared performance on four different
rules - conjunction, inclusive disjunction, conjunctive absence,
and canditional. The stimull were geometrical designs
varying on four dimenslons each with three levels, These
were presented to the subject according to the reception
paradigm in a randomized sequence consisting of equal numbers
of positive and negative instances. All subjects were given
five successive problems involving the same rule on each
problem., On the first problem rules were found to differ
markedly in difficulty with conjunction having the least
errors and trials to solution and conditional the mast; no
difference was found between inclusive disjunction and its
complement, conjunctive absence. The differences betwsen
rules diminished with successive problems, such that after
five problems there appeared to be no difference between
conjunction, inclusive disjunction, and conjunctive absence.
More trials to solution were still required for the conditional,

howaver.
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Bourne (1967) examined the relative difficulty of the
conjunctive, inclusive disjunctive, conditional, and biconditional
rules, using a similar procedure to that employed by Haygood
and Bourne with two changes. Firstly, stimuli were presented
in such a way that, within each set of 40 trials, the numbers
of TT, TF, FT, and FF instances were equated. Secondly,
subjects were provided with sample patterns illustrating the
proper response asslgnment of each of the four stimulus classes.
This latter modification meant that, if the subjects understood
the rule, described and demonstrated in the preliminary
instructions, and i1f he had acguired the notion of stimulus
classes, and if the four sample patterns were properly
chosen, then sufficient information was available at tha
beginning of a problem to identify the two relevant attribute
values of the concept. The results showed that, on the
first problem, eriors were made on all rules. For this
problem rules differed in difficulty wlth the order from
easiest to most difficult being conjuncitlon, inclusive
disjunction, conditionsl, and biconditional. The effect
of the two procedural modifications was to reduce the difflculty
of attribute - identification, but not sufficlently to overcoms
rule differences. The relative contributions of each
modification to this reduction cannot be ascertained. On

later problems, however, the effect of making sample patterns
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avallable could be clearly seen by the fact that no errors
were made prior to concept identificetion., This was true
for all rules, although the ordinal numbers of the first
problem on which no errors occurred for the various rules
showsd 8 similar ranked order to the ranking of rules according
to their difficulty on the first problem. Thus, errorless
perfnrmanﬁe was reached for the easiest rule, conjunction,
sooner (problem two) than the most difficgult rule, biconditional
(problem six),

Laughlin and Jordan (1967) compared the difficulty of
attribute ~ identification of conjunctive, inclusive disjunctive,
and biconditional concepts. The stimulus display employed
was & systematically arranged array of cards having six
different colour attributes, sach having two valuegs - plus
or minus. In contrast to the experiments of Haygood and
Bourns, Laughlin and Jordan utilized a selection procedure
in which subjects were free to choose their own instances
following an initlal positive instance. Their results showsd
some departure from the Haygood and Bourne findings, in
particular the relative difficulty of the biconditional.

They found biconditional concepts to be significantly less
tifficult than disjunctive cancepts for both number of card
choices and time to solution; no significant difference was

obtained between conjunction and biconditional.
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Laughlin (1968b) examined the relative difficulty of
sight conceptual rules. Again he used a stimulus universe
with six two-valued attributse, The selection paradigm was
employed so that the procsdure on each trial after the initial
positive instance was as followss (1) the subject selscted
a card, (2) the experimenter indicated whethsr the card was
positive or negative, (3) the subject made an hypothesis of
the concept, (4) this hypothesis was confirmed or discanfirmed
by the experimenter. The results reported by Laughlin
revealsd a significant effect of rules with an order af
increasing difficulty of conjunction, conjunctive absence,
excluslon, exclusive disjunction, biconditional, disjunctive
absenca, inclusive disjunction, and conditional.

An identical order of rules was obtalned by Giambra (1969)
for the number of trials to attribute-identification. In
this experimant the selection procedure was again used with the
modification that half the subjects were presentsd with a
positive instance as the initial card, and the ather half
with a negative instance. Two different stimulus populations
were utilized in rendom arrays. Half the sublects were presented
with a display having three two-valued attributes, while the
pther half had a display with four two-valued sttributes.

It seems clear from this revisw that there are reliable

discrepancies in findings on the relative difficulty of
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diffesrent conceptual rules. These discrepancies may be
divided into two parts, Firstly, Laughlin and Giambra
differ from Haygood and Bourne in the suggested order of
difficulty of the so-called "basic" rules, Laughllin and
Giambra posit this order to be conjunction, biconditional,
inclusive disjunction, and condltional. Haygood and Bourne,
on the other hand, suggest the order to be conjunction,
inclusive disjunction, conditional, and biconditianal.
Secondly, Laughlin and Giambra's results indicate that the
logically complementary rule is not of the same degree of
difficulty as the basic rule it complements. Haygood and
Bourne, however, found inclusive disjunction and its complement,
conjunctive absence, to be similarly difficult. In the
discusslion which follows we shall concentrate mainly on the
first of these discrepancies, that is, the order of difficulty
of the four "basic" rules. It is quite likely, navertheless,
that much of what is said is also relevant to the second major
discrepancy listed above,

Variablss interacting with rules

It is apparent that the effect of rules as a varlable
in concept identification is interactive with the sffecta of
other task conditions which vary between the two sets of
experiments. Several methodological differences can be found.

Of thesa, three can be identified which may possibly account
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for the discrepant findings.

Firstly, the studies by Haygood and Bourne and Laughlin
and Giambra differ in the amount of stimulus variability
involved. Haygood and Bourne used a four attribute, three
valued (4 - 3) stimulus populatian. Laughlin's stimulus
population had six attributes each with two values (6 - 2).
Glambra used two levels of interdimensional variability;
his stimulus displays contained either three ar four binary
attributes (3 - 2 or 4 - 2). The important difference
betwsan Haygood and Bourne, an the one hand, and Laughlin
and Giambra, on the other, is the level of intradimensional
variability employed. Arguing from consideratlons of the
strategies subjects use in solving concepts, Laughlin (1968b)
suggested that his display facilitated the solution of
biconditional concepts compared with that used by Haygood
and Bourne since "biconditional concepts arse probably relatively
mare difficult than conjunctive or disjunctive as the number
of values per attribute increases," Unfortunately, no
smpirical evidence on the effect of varying the level of
intradimensional variability is available for the various
rules, In the study by Haygood, Harbert, and Omlor (1970)
in which performance was found to improve in a positively
decelerating fashion wlth increasing number aof values per

attribute, only unidimensional or affirmational concepts



GG
were used. A recent study by Laughlin (19694) has sought
to compare the effect of a 4 - 3 stimulus universe as used
by Haygood and Bourne with a G - 2 stimulus universe which
he himself used previously. His results showed a significant
Rule X Universe interactiom. This interaction effect was not
seen in the order of "basic" rules, however. For both
stimulus universes, the order from sasiest to most difficult
was conjunction and biconditional, inclusive disjunction, and
conditional. The interaction effect was due rather to the
relative difficulty of conjunctive absence with the two
universees, Unlike other rules, conjunctive absence concepts
were not identified in fewer card cholces with the 4 - 3
universe than the $ - 2 universe. Evidently, the amount
of stimulus variability is not the factor whose interaction
with conceptual rule may be used to account for the discrepant
ordera of "basic!" rule difficulty.

A second procedural difference is the fact that Laughlin
and Giambra both employed the selection procedure, while
Haygood and Bourne adopted the reception procedurs. In
the previous chapter svidence reviewsd comparing the two
procedures yoked so that each reception subject recelved
the same instances in the same order as a selection subjsct
was inconclusive. One reason was & report by Schuartz (1966)

of a significant interaction between the type of procedure
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employed and conceptual ruls, Laughlin (1969b), however,
was unable to find any such interaction effect, and this
result togsther with several other objections to Schwartz's
experiment cited in the previous chapter were used to raise
doubts about his conclusions. A recent study by Giambra
(1570) appears to confirm Laughlin's finding of no interaction
between procedure and rule, In this study the conditianal
rule was found to be less difficult than the blconditional
on both the selection and yoked reception procedures. An
interesting point to note here is that the order of rules
reported by Giambra (1970) is the same as that reported by
Haygood and Bourne, esven for the selection procedurs. The
type of procedure employed, therefore, does not appear to be
able to account for the discrepant orders, firstly, because
of a lack of conclusive evidence of an interaction between
rule and mode of presentation, and secondly, because the
discrepant orders occur even using the same mode of presentation.
Clearly, some otha; variable is opperating.

A closely related variable methodologically to mode of
presentation is the seguence of instances encountered by
the subject, In Laughlin's (1968b) and Giambra's (1959)
axperiments the sesguence of lnstances was selected by the
subject himself after the initial instance. In Haygood and

Bourne's experlments the sequence af instances was programmed
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by the experimenter according to predetermined conditions.
These conditions were firstly, that the sequence of instances
was randomized, and secondly, that the seguence should contain
equal numbers of positive and negative instances (Haygood and
Bourne, 1965) or equal numbers of TT, TF, FT, and FF instances
(Bournse, 1967). These conditions affect instance contiguity
in two ways. Firstly, randomizing the instances presented
effectively minimizes the amount of instance contiguity,
piven constraints in the proportion of positive and negative
instances, Evidence on human randomness (Baddeley, 196G)
indicates that subjecte on the selection paradigm are unlikely
to select instances completely at random, even if thay are
instructed to do so. It seems likely, thersfore, that the
sequences subjects generate themselves will display greater
contiguity than a random serles. It is doubtful, however,
all other things being equal, that the contiguity of sequences
generated for some rules should be greater than or less than
for other rules, It seems unlikely, thsrefore, that thils
difference between Laughlin and Giambra, and Haygood and
Bourne can account faor their different findings on rule
difficulty. Secondly and more importantly, the amount of
instance contigulty is a function of the proportion of positive
instances in the sequence. The higher is the proportion of

positive instances, the greater is the amount of lnstance
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contiguity. The percentage of positive instances in the
sequences presented in the experiments by Haygood and Bourne
is easily determined for each rule from the conditions on
which their sequencee were based. Thus, in Haygood and
Bourne's (1965) study the sequence contained 50% positive
instances for all rulss. In the experiment reported by
Bourne (1967), 25% of the instances for conjunction were
positive, 50% for biconditional, end 75% for incluslive disjunction
and conditional, Unfortunztely, nelther Laughlin nor Giambra
report the proportion of positive inetances selected on any
rule. This information is essential for meaningful comparlsons
to be made betwesn the sequences generated in thelr experiment
and the sequences presented by Haygaod and Bourne. If, for
example, @ greater percentage of positive instances ware found
to be selected for the biconditional than presented by Haygood
and Bourne, then this would mean that instance contiguity on
this rule was greater in Laughlin's and Glambra's experiments
than in Haygood and Bourne's, which in turn would imply that
the biconditional was relatively easier in the former set of
experiments than the latter,

Some indication may be geined of the percentage of pasitive
instancaes selected from the percentage of the stimulus population
which waere positive 1nstances. This, of course, assumes that

subjects choose lnstances randomly, an assumptlon which has
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already besn questioned. If this assumption was true, it
would mean that the proportion of positive instances selected
in Laughlin and Gliambra was 25% for conjunction, 50% for
biconditional, and 75% for inclusive disjunction and conditional.
Comparing this with Haygood and Bourne (1965) suggests that
instance contiguity may have been greater for incluslve
disjunection and conditional, and less for conjunction in
Laughlin's and Giambra's studiss, From this it could be
concluded that inclusive disjunction and conditicnal would
be relatively easier and conjunction relatively more difflcult
in taughlin's and Glambra'e experiments than in Haygood and
Bourne's, This conclusion, howsver, is completely contrary
to what has been found for inclusive disjuncition and conditional.

Perhaps this conflict between prediction and result may
be resolved by considering two further observations about
positive and negative instances. These are firstly, that
positive and negative instances may transmit diffsrent amounts
of informatlion relevant to the concept. The effsct of the
nonequivalence of infarmation of positive and negative instances
has been illustrated by Bourne and Buy (1968b) who showed
that conditional concepts are more easily identified from
more informative negative instances than from less informative
positive instancas. When, however, the informativeness of

positive and negative instances 1s spproximately equivslent,
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as for inclusive disjunction with a & - 3 stimulus universe,
concept identification is better with positive instances than
negative instances. This is the ssceond aspect, namely, that
other things bsing egqual, subjects ssem to prefer to process
positive information than negative information.

These observations suggest the following predictions for
rule difficulty in the two sets of experiments. We shall
ggain assume that subjscts in Laughlin's and Giambra's
experiments selected instances in the same propaortion as they
ocourred in the stimulus population. To begin, the experimsnt
by Haygood and Bourne (1965) will bs related to Laughlin and
Giambra. For conjunction, positive instances are more
informative than negative instances. Thus, the lower proportion
of positive instances in Laughlin and Giambra compared with
Haygood and Bourne suggests that conjunctive concepts should
be relatively mors difficult in the former experiments, For
inclusive cdisjunction, the situation is complicated by the
fact that, for the stimulus universe employed by Laughlin and
Giambra, negatives are more informative than positives, whereas
for Haygood and Bourne's universa, positives and negatives
convey approximately the same amount of information about the
concept, perhaps a tentative solution can be reached by
considering the data provided by Bourne and Guy (19638b). This

data may possibly be interpreted to suggest that changes in
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or disjunctive groups, but many in the conditional and
biconditieonal groups reguested further clarification of
their conceptual type. When the subject indicated he
was ready, the task was begun. The typed instructions

sheet was available throughout the task,.

Results

The mean and standard deviation of the number of card
cholces to solution for each conceptual rule and problem
are given in Table 1. An analysls of variance was performed
on this data transformed by a aquars root transformation in
grder to make the variances more homoganeous. The effect
of conceptual rule was significant, F (3, 48) = 11.07,
P<.001, and a significant difference was also found betwesn
problems, F (4,192) = 7.18, P<,00l. No significant

interaction between conceptual rules and problems was abtained.

Conceptual Rule Problem
1 2 3 8 5
Conjunction Mean | 10.4 4.5 6.7 4.8 L7
sS.D. 9.0 2.8 5.5 3.4 2.2
Inclusive Mean 25.2 19.2 3. 15.8 10.
Disjunction S.D. 18.6 14,4 1, 11,5 5

1

1
Conditional Mean 29.0 25,8 1
S5.De 23.6 13.2 1
1

1

Biconditional Mean 17.3 15,5
S.D. 10.5 10.2

TABLE 1. Number of card choices to solution.
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A summary of thls analysis may be seen in Table 2. A post
hac analysis using the Newman-Keuls method for multiple-range
comparisons (Winer, 1962) resvsaled: for rules, slgnlficant
diffarences betwsen conjunction and other rules (p <,01),
and bstween the biconditional and the conditional (p <.05);
for problems, more trials were required on Problesm 1 than
on other problema (p <.0l), and on Problam 2 than on Problem
5 (p<«.05). A factoriel analysis of trend (Winer, 1962)
indicated that the order of rules - conjunction, biconditlonal,
inclusive disjunction, and conditional - showed a highly
significant linear trend such that 93.3% of the variation
in difficulty for ths conceptual rules could be predlicted
by a linear regression equation. Problems alsc displayed
a significant linsar trend for decreasing difficulty with
increasing number of probleme such that 93.5% of the variation
betwesn problems could be predictsd from a linear regrsssion
equation. A graphical repressntation of thess findings

can be found in Figure 1.



FIGURE 1, Mean number of card cholices to solution
for each ruls over the 5 problems
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Source of variation 6.8, D.Fe. M.S, F P
Betwean subjects 380,45 51
Rules 155,56 3 51,85 |11.07 (<001
Subjects within groups | 224.89 L8 4,69
Within subjects 290,28 208
Problems 35.89 b 8.97 7.18 K.001
Rules X Prablems 14,38 12 1.20 <1 NeSe
Problems X Subjects

within groups 260.01 192 1,25

TABLE 2. Summary of analysis of variance on the number of

trials to solution transformed using a square-root transformation.

The type of instances chosen were mesasured in terms of the
percentage of negative instances selected on each problem for
each conceptual rule, A summary of this analysis is given
in Tahle 3. Of courss, the percentage of positive instances
is found from the percentage of instances selected which were
not negative, The percentages given in Table 3 may be compared
with the percentage of negative instances occurring in the
stimulus population for each type of concept - conjunction 88.5%,
inclusive disjunction &44.4%, conditional 22,2%, and biconditional
L4,4%, A sign test indicated that a lowsr psrcentage of
negative instances were selected for conjunction on all problems

(p< .001), for inclusive disjunction on all problems (p<.001),
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and for biconditional on Problems 2 (p< .05), 3 (p<.0l),
and 5 (p<,.05). The same test indicated a higher percentage
of negative instances were selected for the conditional on

Problems 2, 3 (both p<,.0l), and 4 and 5 (both p<.001).

Conceptual Rule Problem
1 2 3 & 5
Canjunction 39.2 .127.5 36.4 | 28.6 | 40.6

Inclusive disjunction | 26,7 |23.8 25.8 27.1 20,6
Conditional 25,7 |36.2 | 34.3 | 42,1 | 44,0
Biconditional b2.1 |40.2 | 31l.6 | 44,3 | 34,4

TABLE 3., Mean percentage of negative instances selected.

Spearman rank correlations were computed for sach type
of concept between the percentage of negative instances
chosen and the number of card choices to solution, The
correlations obtained were, for conjunction, rho (63) = 0.57,
p<.001, for inclusive disjunction, rho (63) = 0.23, p<.05,
for conditional, rho (63) = -0,38, p<.0l, and for biconditional,
rho (63) = 8.20, p< .20,

Instances were also analysed into stimulus classes -

TT, TF, FT, FF. The mean percentage of each of these four



8a.

Conceptual Rule Stimulus Class

TT TF FT FF
Conjunction 6545 15,9 15.5 3.0
Inclusive disjunction 23.0 21,8 29,2 26,0
Conditional 25,2 36.5 16.5 21.9
Biconditional 38,9 14,8 23.7 22.6

TABLE 4, Mean percentage of four classes of instances

selected taken over all problems,

classes of instances selected for each rule calculated aver

all problems is given in Table &. These percentagsa can be
compared with the percentage of sach type of instance as it
occurred in the stimulus population - TT 11,1%, TF 22,2%,

FT 22.2%, and FF 4bk.4%, Sign tests showad that a higher
percentage of TT instances (p<.00l) and a lowsr percentage

of FF instances (p<.00l) were selscted than were present in

the gtimulus population for all rulas, With TF instances,

a higher percentage was selected for conditional (p<.001)

and lowser percentages for conjunction (p<.086) and biconditional
(p<.001). With FT instances, a higher percentage was selescted
for inclusive disjunction (p<.002) and lower percentagss for

conjunction (p<.002) and conditional (p<.001).
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Since the number of trisls to solution was notfound to be
significantly related to the proportion of positive inetancas
gselected on the biconditionsl, an estimate of thse correlation
between this performance measure and the psrcentage of TT and
of FF instances was obtained using Spearman's rank correlation
technique. It will be realised that TT and FF instances are
the two types of positive instances for the biconditional.
Significent correlations were found with both types of
positive instance, but the sigrsof the correlations uere
oppasite. For TT instances, rho (63) = - 0.51, p<.001;
for FF instances, rho (63) = 0,33, p<.0l. A similar analysis
was performed for lnclusive disjunction, For this rule, TT
instances yielded rho (63) = - D.46, p<.00l; for instances
with only one relevant attribute value (i.e. TF + FT),
rho (63) = 0,17, p<.20.

3e Diacussion

The results indicate that ths ascending order of difficulty
of congceptuel rules in this expaeriment is conjunction,
biconditional, inclusive disjunction, and conditional. This
is the same order as was obtainsd by Laughlin (1968b) and
Giambra (1969), but different from the order reported by
Haygood and Bourne (1965) and Bourne (1967).  Evidently,
amount of stimulus variability is not the factor producing

the two different orders, since the stimulus universe emplaoyed
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in the present experiment was the same as that utilized by
Haygood and Bourne. Evidence presented earlier in this
chapter suggests that the type of procedure, reception
versus selection, does not interact with conceptual rule
so as to explain the two orders, either,

In the introduction to this experiment an argument was
developed proposing that the discrepant orders of rules were
due to differencee in the sequences of instances encountered
by subjects in Haygood and Bourne's experiment and in the
experiments by Laughlin and Giambra, Since no data was
available from Laughlin or Giambra on the type of ilnstances
selected for each rule, it was assumed then that subjects
sslected positive and negative instances in the proportion
in uwhich they oceurred in the stimulus population. The
presgnt results show that an almost every problem and for
all rules, this asaumption is false. Rather, they indicate
that subjects have a tendency to select more positive instances
for conjunction, inclusive disjunction, and biconditional,
and morse negative instances for condlitional. Compared with
the 50% positive and 50% negative instances presented for
gach rule by Haygood and Bourne, thls means that subjects
selscted a nigher proportisn of positive instances and a
correspondingly lower proportion of negative instances for

each rule in the present experiment.
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A second assumption in ths argument set out in the
introduction was that performance was improved as the
proportion of positive instances was lncreased for conjunction,
inclusive disjunction, and biconditlonal, but for the conditional
better performance was produced by increasing the praportion
of negative instances. Support for this assumption comes
from the corrslations between the percentage of negative
instances selected and the number of trials to solution:
positive correlations were obtained for conjunction,
incluasive disjunction, and bicanditional, while the conditional
vielded a negative correlatlon.

From the differences noted between the perecentage of
positive and negative instances presented by Haygood and
Bourne and sslected by subjects in the present experiment,
1t can be deduced, thersefore, that performance in the present
expariment should be facilitated on conjunction, inclusive
disjunction, and biconditional, but retarded on conditional,
relative to performance in Haygood and Bourns's expsriment,
This accounts for the place of conjunctive, inclusive disjunctive,
and condltipnal rules in the orders of difficulty obtained in
the two experiments, but some further explanation 1s necessary
to show why the biconditiomal should be assumed to bs tha most
difficult rule in the Haygood and Bourne studies, when 1t has

been found to be relatively sasy in thls expsriment and in the
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experiments of Laughlin and Giambra, This is made more
obvious when it is recalled that the correlation betwsen the
percentage of negative instances and the number of trlals to
solution for the biconditional was low and non-signiflcant.
‘Thus, ths difficulty of the rule is less likely to be affected
by a change in the proportion of negatlve instances sncountered.

The evidence for the extreme relative difficulty of the
biconditional comes from Bourne (1967). Applying the same
argument to his experiment as was used shave on Haygood and
Bourne (1965), however, 8till does not fully account for the
different orders obtained. In Bourne's expariment 25%
positive instances wsre presented over 40 trisls for conjunctilon,
75% for inclusive disjunction and conditional, and 50% for
the biconditional., Comparing these percentagses with the
percentages chaeen by subjscts in the present experiment
suggests that conjunction, conditional, and biconditional
should show some facilitation in the present sxperiment,
with no change for inclusive disjunctilon. Gnce again this
prediction seems to fit the data for conjumction, inclusive
disjunction, and conditional, but does not account for the
relative sass of the biconditional,

Possibly the discrepancy 1s due to the other modification
to the procedure introduced by Bourne (1967). This was to
provide the subject with sample patterns showing the response

assignment of each of the four stimulus classes - TT, TF, FT,
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and FF. Perhaps considerabls difficulty 1s experienced with
the biconditional rule compared with other rules in identifying
the relevant attribute values from these sample patterns.
Unfortunately, Bourne did naot run a control group af subjects
who were not preaented wlth sample patterns,

Looking at the proportion of TY, TF, FT, and FF instances
selected in the present experiment, it is apparent that
instances from thess four classes were not selected in the
same proportions as occurred in the stimulus population for
any of the rules, In particular, subjects displayed a clear
tendency to choose more TT inatances and less FF instances.

The former observation is of interest in visw of Haygood and
Devine's (1967) demonstratlon that among the positive instances
of inclusive disjunctive and biconditional concepts, those
exhibiting both relevant attribute values (i.e., TT instances)
produced better parformance., Correlations betwaen the
proportions of each type of positive instance selected and
performance for inclusive disjunction and biconditional in the
present expsriment confirm Haygood and Devine's finding.

Indeed for the biconditional, performance was found to be

a direct function of the psrcentage of TT lnstances but
inverssely related to the percentage of FF lnstances. This
seems to imply that the biconditional in the present expsriment

may have been relatively less difficult than in Bourne's
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experiment, since in the present experiment the number of
TT instances was almost twice the number of FF instances
whereas in Bourns's experiment the freguency of positive
instances taken from both classss was the same. No effect,
however, is expected for inclusive disjunction since the
percentages of TT, TF, and FT instances presented in Bourne's
experiment anc selected in the present experiment are of the
same order,

The general finding that subjects did not select
instances in the propertion in which they aoccurred 1n the
stimulus population fails to replicate a recent result by
Bourna, Ekstrand, and Montgamery (1969). Thess worksers
reported that, 1ln general, subjects' selections from the
four truth table classes reflacted closely their 1l; 2:
2t 4 distribution in the stimulus population. Some
deviations from this trend, nevertheless, ware noted: for
example, more TT instances wers sslected on canjunctien,
and mare TF lnstances were selected on conditional. It
is also noteworthy that Bourne at al. (1969) found the
blconditional to be relatively more difficult than in the
preasent experiment; their results showsd ths biconditlional
to be of the same order of difficulty ae the conditionsl,
with the disjunctive less difficult and the conjunctive

least difficult. (These resulte were for the no feadback
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ratalned condition)., When subjects were divided into better
paerformers and poorer performers, 1t was found that the batter
subjects selected TY instances with relatively high fregquency
in bicenditional probleme compared with poorer subjects,
canfirming the implication made in the previous paragraph
on the relaticnship between the relative freguency aof TT
instancea and biconditional performance.

Tuwo procedural differences bstween Bourne et al's
experiment and the present expsriment may account for the
discrepant findings on the distribution of selections from
the four stimulus classes, Flrstly, Bourne et al., used a
stimulus display in which lnstancee were randomly arranged,
whereas the instances in the present experiment were
systematically arranged, In 8 comparison between the
effects of these two displays on conjunctive concept
identification, Bruner, Goodnow, and Austin (1956) ohserved
that the cholces made by subjecte using an ordered array of
instances were more "similer" to the initial positive instance
than to any other preceding instance, This observation
was less prevalent for subjects with a random array aof
instances, (8imilarity hers waes measured by which
preceding card had the most attribute valusa in comman wlth
the present card. Where twn preceding cards had the same

number of attribute values in common with the present card,
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the one encountered sarlier was counted as being the more
similar). Since the initiel positive instence was a TT
instance, this means that subsequent instances tended to
be chosen mainly from the TT, TF, and FT stimulus classes
with an orderaed array, with more FF instances selected with
a random array. In the present experiment the inltial
instance was a TT instance for each ruls,. Extrapolating
from Bruner et al's findings with conjunction to other rules
suggests that for the same initial instance an ordered array
of instances tends to produce more TT and less FF lnstancas
than a random array. Further work is necsssary to test
this hypothesis for nonconjunctive rules.

Secondly, Bourne et al. did not provide subjects with
a sample positive instance at the beginning of & problem.
In a discussion of disjunctive concept attalnment, Bruner
st al. (1956) have referred to the effect of the type of
illustrative instance presented prior to a problem, Thay
suggested that subjecte given an initial negative instance
display 8 greater tendency to select further negative instances
than subjects given a positive instance. That is to say,
the naturea of the initial instance tends to produce a bias
in subsequent selections such that more instances of the
same type @3 the initial instance are selected. whether

this is true for all rules is an empirical guestion whose



answer 1s sought in the next experiment. Thus, in the
present experiment the presentation of a positive instance

at the beginnlng of the task may be predicted to have given
rise toe an increased proportion of positive instances
sslected if compared with an experiment in which a negative
instance wss initially given, When no inltial instance

is presented, as in Bourne et al., two outcomes are possible.
Either the typs of instances chosen will be a function of

the type of instance first encountered, so that the proportion
of each type of instance selected will be biased in the
direction of whichever is the more frequent in the stimulus
population, or, there will be no bias in selections so that
instances will be selected in the same proportions as they
ocour in the population. The finding of an interaction
betwesn rule and truth table class by dourne et al. indicated
that the most informative, that is, the least frequent
instances of any rule tended to be selscted most aften,

This 1s clearly contradictory to the first possible outcome
above, suggesting that the latter is nearer to the truth.

In this case, the proportions of each class of instance
selected when no initisl instance is given should lie in
between the proportlions chosen following an initial positive
instance and an inltial negative instance. Thus, the effect
of providing the subject with an initial positive instance

in the present experiment may have been to increase the

89.
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percentage of posltive instances selected compared with the
Bourne et al. experiment,

Experiment II: Effect of initial negative instance an

attribute ldentification of concepts.

The suggestion was made in the preceding diacussion that
the type of initial instance may have an important effect on
suhsequent behaviour on an attribute-identification task. The
particular effect proposed was that the nature of the initial
instance tends to pradispose subjects to sslect more instances
of the same type on subsequent trilals,

The type of inltisl instance may be important in two
further ways. Firstly, the amount of information transmitted
about the concept as measured by the number of possible concepts
logically eliminated by the initial instance is likely to depend
on whether this instance is positlive or negative. For a
stimulus universe having four threes-valusd attributes, an
analysls of the number of possible concepts logizally eliminated
by an initial instance reveals that, with a positive instance,

6 concepts remaln for conjunction, 30 for biecondifional and
inclusive disjunction, and B4 for conditional; with a negative
instance, 24 possible concepts remain for conditional, inclusive
disjunction, end biconditional, and 48 for caonjunction, From
this informational analysis it is expected that performance

on all conceptual rules except conjunction should be improved
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when a negative instance is given initially instead of a
paositive instance. Secondly, svidence from Traebasso and
Bower (1964b) and Bourne and O'Banion (196S) indicates that
recall of the first instance presented during concept identification
is better than that for any other instance. Thus, 1f an
informational analysis is true, this cohservation should serve
to make more marked the predicted improvement in performance
with an initial negative instance compared with an initial
positive instance for all rules except conjunction.

Experiment II was designed ta investigate the effect
of an initial negative instance on the number and type of
instances salected during attribute identification of concepts
involving four "basic" conceptual rules. In all respects
except the initial instance presented, the instructions,
procedure, and stimulus display were the same as those utilized
in Expsriment I. Subjects in this experiment were required
to solve three problems, Data taken from the first three
problems in Experiment I was used in part of the statistical
analysis to directly compare the effects of initial positive
and initisl negative instances.

l. Method

e Design and Subjects. - The subjects were 52 undergraduate

students randomly chosen from the first-year psychology subject

pool at the University of Adelalide. No subject had previously
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taken part in an experiment on concept attainment.

A 4 x 3 repeated-measures factorial design was used
with the variables (a) conceptual rule (conjunction, inclusive
disjunction, conditional, and biconditional), and (b) problems
(three for each subject). Thirteen subjects were assigned
to each af the four rulss at random with the limltation that
there be approximately egqual numbers of each sex on each
rule, The three problems involved different attribute
values for each subject, these values being randomly chosen
from the 54 possible pairs of attribute-value combinations
of two attributes for all rules except conditional, where
sglection was mads from the 108 possible combipations,

The initial negative instance for sach problem was
randomly drawn from the subset of negative 1lnstances passessing
neither of ths two relevant attribute valuss for conjunction
and inclusive disjunction, and one of the relevant attribute
values for conditional and biconditicnal.

us Stimuli. - The same stimuli were used as in Experiment I.

Ce Procedure and Instructions. - The details of the procedure

and instructions were identical to those in Experiment I.

2 Results

The mean and standard deviation of the number of card
choices to solution for sach conceptual rule and problem are

given in Table 5.
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Conceptual Rule Problem
1l 2 3
Canjunction Mean 2646 17.7 22.2
S.D. 14,2 5.5 7.9
Inclusive disjunction Mean 25,3 22.1 21.5
S.D. 12.8 15,2 12,1
Conditiaonal Mean 27.5 13,9 11.2
S'D. 23.5 7.0 z’.B
Biconditiaonal Mean 39,6 26.1 29,1
S.De 26.1 16.3 22.8

TABLE 5. Number of card cholces to solution,

An analysis of variance was performed on this data
transformed by @ sguare root transformation in order to make
the veriances more homogeneous. The effect of conceptual
rule was significant, F (3 , 48) = 3.67, P < .05, and a
significant difference was alsoc found betwsen problems,

F (2, 968) = 7.89, P<,.001, No significant interactlon
between conceptual rules and problems was obtained., A summary
of this analysis may be seen in Table 6. A past hoc analysis
using Neuman-Keuls multiple-range comparisons shouwedt for
rules, the only significant comparison was betwsen the
conditional and the biconditional (P<.05); for problems,

Problem 1 required more trials to solution than both Problem 2
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(p<.0l1) and Problem 3 (E<:.Dl). The arder of rules therefore
with an initial negative instance was seen to be conditional,

inclusive disjunction and conjunction, and biconditional.

Source of Variatlon Se5. D.F. | MaS, F P
Betwesn subjects 200.67 51
Rules 37.40 3 | 12,47 P.67 |<.05
Subjecte within groups | 163,27 48 3.40
Within subjects 187.39 104
Prablems 25,35 2 | 12,68 p.89 |<.001
Rules X Praoblems 7.83 6 1,30 K1
Problems X subjects 154.21 96 1.6l

within groups

TABLE G Analysis of variance on number of trials to solution

transformed by a sguere root transformation.

The instances selected were again divided into positive
and negative lnstances on each problem for each rule and a
summary in terms of the mean percentage of negative instances
is given in Table 7. These parcentages wera compared with
the percentage of negative instances occurring in the stimulus
population for sach type aof concept using & sign test. This

analysis indicated that a lower percentage af negative instances
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were sslected than were preeent in the stimulus population for
conjunction on all problems (p <.05),; and on Praoblem 3 for
inclusive disjunction (p<.05), whlle a highar proportion of
negative instances were abteined for conditional on agll

problems (p <.001) and on Problem 2 for biconditional (p<.05).

Conceptual Rule Problem

1 2 3
Conjunctlon 75.2 74l 78,4
Inclusivs disjunction L2.3 47.0 41.9
Conditional 48,3 59.5 63,8
Bicanditional 43,1 49,7 50.8

TABLE 7. Msan percentage of negative lnstances selected.

A Spearman rank correlation was computed beatwesn the
percentage of negativs lnstances chosen and the number of
trials to solution for mach rule. Significant corrslations
were found for conjunction, rho (37) = 0.48, p<.0l, and for
conditional, rho (37) = -0.42, p<.0l. Almost zero correlation
was obtained for the other two rules; for incluslvae disjunctlon,

rho (37) = -0,04, and for biconditicnal, rho (37) = 0.00.
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Instances wsere also analyzed into the four stimulus
classes - TT, TF, FT, and FF, The mean percentages of each
of the four classes of instance selected for each rule over
the three problems are given in Table 8. These percentapes
were compared with the percentage aof each type of instance
coccurring in the stimulus population, A sign test shouwed:
for conjunction, a higher proportion of TT instsnces (p <.001)
and a lower proportion of FT (p<.0l) and FF (p<.05) instances
were selected; for inclusive disjunction, the distribution of
TT, TF, FT, and FF instances was nat significantly different
from the stimulus population; for conditional, a higher
proportion of TF instances (p <,.001) and a lower praportlon
of FT (p<.001) and FF (p< .001) instances were selected;
and for the biconditional, the percentage of TT inatances
was greater (p <.00l) and of FF instances less (p<.0l) than

the percentages of thaese instances naturally occurring.

Conceptual Rule Stimulus Class

T TF FT FF
Canjunction 24,1 19.3 17.6 39.0
Inclusive disjunction] 8.8 25.5 22.0 43,7
Conditional 13,1 57.2 L.5 25,2
Biconditional 21.2 26.4 21.4 3.0

TRABLE 8, Mean percentages of four stimulus classes selected.
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The correlation between the percentage of each class
of positive instance and the number of trials to sslution was
computed for inclusive disjunction and biconditional using
Spearman's method, For inclusive disjunction, no significant
correlations were found:s for TT instances, rho (37) = - 0.11;
for (TF + FT) instances, rha (37) = 0,21. For biconditionsl,
the correlations were significant: for TT instances, rho
(37) = - 0,34, P<.05; for FF instances, rho (37) = D.40, p<.05.

A comparison was made betwsen the results obtained in this
experiment and the data collected in Expsriment I on the first
three problems for each rule. An analysis of varlance was
performed on the number of trials to solution transformed
by a square root transformation, Significant effects were
‘obtained for initial instance, F (1,96) = 16.01, p <.00%1,
conceptual rule, F (3,96 = 4,38, p<.0l, and problems,
f_‘(2,192) = 12,35, p <.001. A significant interaction was
also obtained betwsen type of initial instance and conceptusl
rule, F (3,96) = 9,32, P<.00l. A post hoc analysis using
Neuman-Keuls multiple range comparisons revealed more trials
to solution were required when the inltial instance was
negative than when it was positive for conjunction (p <.0l)
and biconditional (p< .01), while for the conditional more
trials were taken with an initial positive instance than with

an initial negative instance (p <.05). No significant difference
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was obtained for inclusive disjunction.

Since more trials to solution were taken following
an initial negative instance than an initial positive instance
for conjunction and biconditional, an analysie was performed
in order to determine whether the number of trials to solution
following the first positive instance was different for problems
having the two types of initial instances on these rules.
Where the initial ilnstance was negative, the mean number of
trials to solution following the first pasitive instance
engountered was: for conjunction, 11.9 on Problem 1, 5.5 on
Problem 2, and 5.3 on Problem 3; for biconditional, 37.5 on
Problem 1, 22.5 on Problem 2, and 27.1 on Problem 3, An
analysis of variance showed this data was not different from
the data obtained when the first positive instance was the
initial instance for conjunction, but for biconditional
problems, significantly more trials were requirsd following
the firast positive instance sncountered when this inatance
was not the initial instance as compared with the case where
the initial instance was positive, F (1,24) = 5.69, p<.05,
A similar analysis was conducted for conditional to determine
whether the number of trials to solutlion required following
the first negative instance encountered differed for an
initial positive instance and an initial negative instance.

For an initiel positive instance, the mean pumber of trials
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following the first negative instance selected on conditional
concepts was 22,9 on Problem 1, 21,8 on Problem 2, and 14.2
on Problem 3, No diffsrence was found between thls data
and that for an initial negative instance by an analysis
of varlance.

Since no differsnce was found for conjunction and
conditional in the asnalysis immediately above, a comparison
was made for these rulss of the number of card choices taken
before arriving at the first positive and first negative
instances, respectivsly, with that expected if the subject
selected cards at random. It can be expected if cards were
chasen randomly that a mean of 9 card choices to a positive
instance would be required for conjunctive concepts, and a
mean of 4.5 card choices would be nesded to locate a negative
instance for conditional concepts. The obtained mean number
of instances for conjunction was 14,5, which was significantly
greater than expected for random selection according to a
sign test (p< .01). For conditional, no difference was
found betwsen the obtained mean of 4.2 instances and the
mean expected for random selection,

Further analysis of the biconditional was carrled out to
ses whether the number of trials to solution following the
first TT instance encountered differed for praoblems having

an initial TT instance (Experiment I) and an initial TF or
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FT instance (this experiment). This analysis was suggested
by the finding in both experiments that performance on the
biconditional was directly related to the proportion of TT
instances selected, Where the initlal instance was negatlve
(i.e., TF or FT), the mean number of trials following the
first TT instance selected wae 27.9 on Problem 1, 16,6 on
Problem 2, and 21.9 on Problem 3. An analyeis of variance
comparing this data with the data from Experiment I revealed
no difference for the number of trials to solution. A
subsequent analysis was performed to determine whather the
number of choices to the first TT instance in this expariment
for the biconditional was different from the mean number of
instances expected with random selection, If cards are
selected at random, the expected mean is 93 the obtained
mean over the three problems was 9,5 (median = 6), A slgn
test showed no difference between these means.

An analysis of variance was also used to compare the
percentage af negative instances selected in thls experiment
with Experiment I, A significant effect was obtained for
initial instance, F (1,96) = 224.68, p <.001, conceptual rule,
F (3.96) = 28,57, p<.001, and the interaction between initial
instance and rule was also significant, F (3.96)= 18,08, p <.001.
Newman-Keuls comparisons indicated that more negative instances
were selected whan the initial instance was negative than when

it was positive for all conceptual rules (p<.01).
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3. Disecussion

The results indicate that the naturs of the lnitlal
instance has an important effect both on the type of instances
selected and on subsagquent performance. Firstly, the nature
of the initial instance appsared to predispose the subject to
select more instances of the sams type as the inltial instance
for all rules, thus extending the originsl suggestion of
Bruner, Goodnow, and Austin (1956). Secondly, for the
stimulus population employed in this experiment and in
Experiment I, an initial negative instance was found to
retard performance for conjunctive and biconditioral rules,
but to improve performance for the conditional, compared
with an initial positive instance., Howsver, no difference
was found betwsen the two typee of initial instances on
attribute-identification difficulty for inclusive disjunction.

It is evident that the predictions about the effects on
performance of the initlal instarcc based on the information
transmitted by the instance wsre not confirmed for all rules.
Specifically, the predictions from this analysis were supported
for conjunctive and conditional rules, but not for disjunctive
and biconditional rules. This finding is in accordance with
similar findings by Bourne and Guy (1968b), and Bourne,
Ekstrand, and Montgomery (1969) in which the ratlo of positive
to negative instances for each rule was the same as in the

present experiment.,
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For conjunction, better performers were found to choose
a higher proportion of positive inetances than poorer performers.
Moreover, subjects given a negative instance to begin with,
did not pain any information about the concept until they
had located a positive lnstance. This is supgaested by the
finding of no difference betwsen initial positive instance
problems and initial negative instance problems for the number
of trials to solution following the first positive instance.
This conclusion is in agreement with the results of Nahinsky
and Slaymaker (1970), who varied the number of negative
instances prlor to the first positive instance using the
reception paradigm, It might be inferred from the present
findings and the work af Nahinsky and Slaymaker that subjects
are unable to make use of negative information in conjunctive
concept identification, However, this inference has prevlously
been shown to be false by Hovland and Welss (1953) and Bourne
and Guy (1968b) using segquences of negative inatances only.
Apparently, in a mixed sequence of positive and negative
instances, subjects are unwilling to store the meagre amount
of information which is gained from each nagative instance
when so much more infarmation can be gained with minimal load
on memory from one posltive lnstanca.

Parenthetically it may be noted in the present expsriment

on conjunction the numbar of choices required before a positive
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instance was located was more than if instances had been
selected at random, This too may be a function of the type
of 1nitial instance, In thls experiment the initial negative
inastance presented was always an FF instance, If subjscts
tend to select instancea which show a high degree of similarity
with the initial instance as measured by the number of attribute
values in common with that initial instance, then instances
will be drawn mostly from the FF, FT, and TF stimulus classes;
only rarely will a TT instance therefors be chaosen. In this
regard it is noticeable that the percentage of FF instances
selected in this experiment is very much greater than the
percentage of FF instances chosen in Experiment I, while
conversely the percentage of TT instances sslectsd in Expsriment
I is substantially more than the percentage of TT instances
selected in the present sxperiment. Perhaps if the initial
negative instance were a TF or FT instance, fewer chaices
would be found prior to the first positive instance.

For condltional concepts, better performers were found to
choose a higher proportion of negative instances than poorer
perfarmers, Moreover, subjects given 8 positive instance to
begin with, did not gain any information about the concept
until they had selected a negative instance. Agaln, this
should not be intsrpreted to mean that subjascts ars unable

to identify conditional concepts from positive instances only
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(Bourne and Guy, 1968b). Rather it suggests that subjects
are unwilling to process and store the small ampunts of
information from several positive instances when, with less
information processing and storege, the same result can be
achleved with a single negative instance.

For the biconditional, performance was found to be
unrelated to the proportion of positive instances selected.
A division of positive instances into TT and FF instances
indicated, however, that better performers chose a higher
percaentage of TT instances and a lower percentage of FF
instances than poorer performers. Moreover, subjects glven
an initisl negative instance to begin with, apparently did
not gain any information about the. concept until they had
sglected a TT instanus. No evidence is currently available
showing whether or not subjects can identify biconditional
concepts from sequences af instances not including TT instances.
If they can, this means that they must be unwilling to utilize
informaticn from other instances until they have found a TT
instance, presumably because information from other instances
is somewhat more difficult to use in maeking inferences about
the concept. The relative ease of handling TT instances was
referred to in Chapter 2, One problem with this latter
account concerns how the subject identifies & positive instance

as TT or FF when no such feedback is provided by the experimenter.
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Some ideal strategles can be suggestsd, but evidence is
needed to show that these strategies are employed, Obviously
further work must be dons to provide answers to these guestions.

Far ingluslive disjunction, the type of initial instance
had no effect on overall performance. However, some contrasting
results were obtained relating performance to the type of
instences sslected in this experiment and in Experiment I.
In this experiment performance was found to bs unrelatsed to
the propartion of positive instances selected while a amall
but significant corrslation in Experiment I suggested that
better performers selected a greater percentage of positive
instances than poorer performars, Mareover, in the present
experiment performance was unrelatsd to the proportion of
instances with both relevant sttribute values (i.e., TT instances)
and to the proportlion of inatances with ane relevant attribute
value only (1.e., TF and FT instances). In the pravious
experiment better performers were found to choose a higher
percantage of TV instances than poorsr performers. The
results in Expsriment I seem to confirm what Bourne and Guy
(1968b) suggested far disjunctive conecepts, "that subjects
find it sasler end more natural to use a positive as opposed
to a negative focusslng strategy or that the necessity to

canvert or transform negative information (what the attributes

are not) to positive form contributes a significant additional
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complication to the task." 1In the present experiment,
however, there appears to be no difference in the facility
with which subjects utilize positive and negative instances.
It would seem thus that the effesct of a negative initial
instance for this rule is to reduce the depsndence on positive
instances during learning which was evident when a positive
initial instance was prssented.

This effect seems also to be trus for the other rules
examined. Inspection of the correlation coefficlents
computed between the percentage of negative instances selected
and the number of card choices to solution reveals that smaller
positive correlations were obtained for conjunction, inclusive
disjunction, and biconditional and a larger negative correlatlon
for conditlonal for an initial negatlve instance compared with
an Initial positive instance., It appears therefore that when
a negative instance is presented at the beginning of a problem
instead of a positive instance, performance is less dependent
on the proportion of positive instances and more dependent
on the proportion of negative instances,

Examination of the relative difficulty of the four
canceptual rules consldered indicates that the order of
increasing difficulty of rules found using a selection
procedure differs according to the naturs of the initial

instance prasented. In Experiment I with an initial positive



107.
instance, the order of increasing difficulty was conjunction,
biconditional, inclusive disjunction, and conditional, an
order which is similar to that found by Laughlin (1968b),
with an initial negative instance, however, the order obtalned
was conditional, inclusive disjunction and conjunction, and
biconditional.

An interesting finding is the extreme relative difficulty
of the biconditional wlth am 1nitlsl negative instance. This
is reminiscent of the result of Bourne (1967) who presented
subjects with instances drawn sgually from the four stiwulus
classes TT, TF, FT, and FF, Since instances were randomised,
this means, on the average, half of the biconditional problems
began with an negative instance. Conventlonally, experliments
which have employed a selection procedure have presented a
positive instance at the start of each problem. The present
results sugpest that when a negative instance 1s used initially,
the order of difficulty is signifiecantly differeat from when
a positive instance is provided, A combination of the tuwo
types of initial instances may yield en overall order which
is similar to that found by Bourne.

The results in the present sxperiment and in Experiment I
on the effects of the type of initial instance presented on the

sttribute identification of concepts using a selection procedure cause
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some surprise when compared with the work of Giambra (1969).
Giambra did report a significant interaction between the type
of concept and the type of initial instance, but he attributed
this merely to an increase in difficulty for conjunctive
concepts with an initial negative instance and an increase
in difficulty for disjunctive concepts with an inmitial positive
instance. No completely satisfactory account of Giambra's
result is possible without some informetion on the nature of
the selections made by subjects,

A comparison between Bourne, Ekstrand, and Montgomery
(1969) and the presant experiments can alsc be mads, It will
be recalled that Bourne et al. used the selection paradigm
but did not provide subjecte with a sample instance at the
start of a problem. Earlier in this chaptsr it was argued
that, other things being equal, the percentages of each class
of instance selected when no initial instance was presented
ghould fall between the percentages of instances selected in
the respective stimulus classes with an initial negative
inatance and an initial positive instances In a comparison
of Bourne et al's experiment with the present experiments,
other things are not sgualt: Bourne et al. esmployed a random
array of instances, whereas in the present experiments stimuli
were syatematically arranged., If the conclusions made on

the sffects of presenting or not presenting an initlal instance
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are correct, then any deviations from expectation in the
distributions of selections in the four stimulus classes
should be due to the effect of the orderlineas of the
stimulus display.

A summary of the type of instances selscted by subjects
in Bourne et al's experimant is given in Table 9, Comparing
the percaentages in this table with percentages shown in Tables
4 and 8 reveals that in most cases the percentage of instances
in the various stimulus classes chosen by subjects in Bourne
et al, lie in between the parcentages selected by subjects
in Experiment I and Experiment II. Some notable exceptions,
however, occur. More TT instances for conjunctiocn, TF
instances for conditional, and TT instances for biconditional

weare selected in both Experiments I and II than in Bourne et al..

Conceptual Rule Stimulus Class

TT TF FT FF
Conjunction 21,5 23,5 2649 31l.3
Inclusive disjunction 12.3 24,8 24,1 38.9
Conditional 13.5 276 18,9 39.9
Biconditional 12.4 20,5 19,9 L7.2

TABLE 9, Msan percentages of four stimulus classes selected

(adapted from Bourne, Ekstrand, and Maontgomery, 1969).
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The observation has been mads in all thres sxpsriments that
better psrformers chose more TY inatances on conjunction,
mare TF instences on conditipnal, and more TT instances on
" biconditional than pporer performers, Thus, one prediction
in a cumparison of Bourne st al's results with the pressnt
results is that subjscts performed better in ths present
experiments than in Bourne et al's, irrespective of the type
of initial instance, This prediction is conflrmed for all
but conjunction with a negative initial instence. The
failure by subjects in Bourne st al's expsriment to selsct
a higher proportion of the most informative instances must
be attributed to the effect of the random arrangemant of

inetances.
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CHAPTER &

STRATEGIES AND MEMORY IN CONCEPT IDENTIFICATION

In the previous two chapters an attempt has bsen made
to account for concept identification in terms of a number
of directly observable and controllable variables. An alternative
approach in studies of concept lsarning has bsen to seek ta
infer the naturs of the processes underlying learning and then
to relate these processes to performance. ARt least three
assumptions are fundamental to this approach. The first is
that such underlying proceasss exist, Few thearista have
guestloned the resality of certaln covert experiences or svents,
although in the absence of objsctive crlterla for recognizing
them, 1t may be wondered whether some postulated intervening
processes ara not mere inventions. Secondly, these underlying
processes can be reliably identified. The necessity for
objective criteria for rescognizing auch implicit processes
has already besn referred to in discussing the first assumption
and problems with some attempts at lnferring internalized
activity will form part of later discussion in thls chapter.
Thirdly, it is assumed that conceptual behaviour cannot be
fully explained without some assertions about intervening
processes operating within the subject between input and output,
whigh have the property of controlling and producing bshavisour.

This assumption has been challenged by some theorists (e.0.
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gourns, 1969) who contend that reference to hypothetical
underlylng mechanisms adds nothing to what can be asgertained
about bghaviour from a study of objective facters in the past
and present states of the organism and his environment. An
sttempt will be made to evaluate a process approach in this
chapter and the next chapter, and to consider the cantributions,
if any, it has mads ta an understanding of concept attainment.

The process of concept attalnment

Bruner, Goodnow, and Austin (1956) were the first workers
to attempt an analysls of the processes underlylng concept
attainment. Their aim was to externalize For observatiaon
as many of the decisions made prior to solution as possible
in the hope that regularities in these decisions might provide
the basis for making inferences about the processes involved
in learning a concept, These regularities in decision-making
they called "strategles", Strategies, 1t was suggested, may
have at least three possible objectives sach of whlch may be
incaompatible with the others

(1) to muximize the ampunt of information gained from
gach inetance chasen;

(2) to minimize the amount of strain on inference and
memory capaclty;

(3) to control the degree of risk involved.

Bruner et al's approach was firstly, to construct a set

of ideal strategiss which could be stated in strict logical
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terms, having thes formal properties necessary to meat certain
objectives, Much of their work was concernsd wlth strategles
for identifying conjunctive concepts and four ideal strategies
were proposed using the selection paradigm. Reception strategies
were also suggested but in thie discussion we shall confine
purselves to the selection situation which allows the subject
more freedom in his choice of instances. The four ldeal
selection strategies were labellesd simultansous scanning,
successive scanning, conservative focussing, and focus gambling.

In the simultaneous scanning strategy, after the first
positive inatance has been given, all possible hypotheses are
enumerated. Each succeeding instance is then chosen to elimipate
the greatest number of hypotheses still remaining. The main
advantage of this strategy is to attain the concept in a minimum
number of instancea, Howsver, a very considerabls amount of
strain on infersnce and memory capaclty is produced since many
indspendent hypotheses must be dealt with and remembersd,

In the successive scanning strategy a subject tests one
hypothesis at a time and limits his choices to those inatances
that provide a direct test of his hypothesis, This tachnicque
for choosing instances cannot assure that the subject will
encounter instances containing the maximum information possible
since he is guite likely to select logleally redundant cards

some featurs of which has been used to test some previcus hypothesis,



114,
The load on memory and inference is less for this strategy
than for simultanagus scanning since the subject is required
to test and remember only one hypothesis at a time, and no
retention of past lnstances 1s assumed., Successive scanning
has little utility in regulating risk,

The conservative focussing strategy may be described as
finding a positive instance to use as a focus, then making a
sequence of cholces each of which alters one attribute value
of the first focus card and testing it to see 1f the change
yields a positlve or negative instance. Those attribute
valuss of the focus card which, when changed, still yileld
positive inatances ars not rslevant to the concept. Those
attribute values of the focus card that yleld negative instances
when changed are relevant to the concept. If no positive
instance ia initially presented, this strategy may be highly
inefficient since it requires of necessity a positive instance
to use as a focus, Given a positive instance, however, the
strategy is very efficlent whilst imposing very little strain
on inference and memory. Ae its nams implies, it ensures that
every choice yields informationabout the concept.

In the focus gambling strategy, the subject again uses a
positive instance as a focus, but them changes more than one
attribute value at a time. If two attributes are changed and

the instance is positive, then both attribute values are
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irrelevant, so that with this strategy two attribute valuss
may be eliminated in ons choice instead of only one as with
conservative focussing,. However, if the instance is negative,
then eithsr one or both attribute values are relevant so that
little information is galned. Thus this strategy allows for
some regulation of risk. Cognitive strain with this strategy
is similar to that for conesrvative focussing.

The next step in Bruner et al's analysis was to ldentify
focussing and scanning strategies. A focusser uas defined
as a subject whose choleces in the main varled only in one
attribute value from those ettribute values of the focus card
that had been found relevant or were still untested, The
only other types of cholces permitted subjects in this group
were redundant choices where the third value of an attribute
was checked, or focus-gamble choices shown by later choices
to be utilized as such, When the mejority of the cholcaes
was of these types, the subjsct was conslidered s focusaer,

Rll others were treated as scanners.

Using this method for identifying strategiss, Bruner et al.
noted several variations in the types of choices made by subjects
in the focussing and scanning groups from those expected according
to ldeal focussing and scanning strategles. With conservatlve
focussing two modificatlons were evident. Firstly rather than
alter an attribute value of the focus only once, subjects

sometimes showed a tendency to test a sescond alteration.
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Brunar et al. refsr to this as a "thirst for confirming redundancy”.
Secondly, some subjects displaysd a tendsncy to change their
focus card from the origlnal positive instance to some other
positive instance. The chief modification to successive
scanning conslsted in subjects attempting to remember as many
instances encountered as thay could, No subject was reported
to employ an ideal simultaneous scanning strategy.

The incidence of focuesing and scanning was found to vary
according to the conditions of the task, Thus, if stimuli
were arranged in sn ordered array, subjects tended to adopt
focussing strategiss. Converssly, with random arrays, scanning
was more evident. 1f the array was gne suggesting a particular
grouping of stimuli =3 1n the case of concrete or thematic
material, then the subject tended to utilizs a scanning strategy
which took into account such expected groupings.

Relating strategiss to the number of cholces to concept
attainment showed that focussing and scanning gave rise to
different levels of performance. With an abstract, ordered
array of stimuli, focussers were found to reguire fewar choices
to selution than scanners, UWhen the stimuli were perceptually
unavailable, the difference in efficiency of the two types of
strategies was even more marked, Scanners showed a decrement
in performance under such conditions, while focussers showed

1little or no change. A similar picture was evident when the
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performance measure was the number of redundant choices to
solution.

Critlcisms and alternatives

Both theoretical and empirical ohjections to Brunser et
al's analysis have besn made by Eifermann (1365a), Her
theoretical criticism was to correct an impression given that
simultaneous scanning is more efficlent in terms of information-
getting than conservative focussing. In fact, it is not possible
to distinguish the two strategies on this criterion.

Her criticism of the method used by Bruner et al. to infer
strategies from the cholces made by subjects is more telling.

She has pointed out that it is not possible to differentiate
operationally between a sequence of choices representing
simultaneous scanning and one representing conservative focussing.
Moreover, the same sequence of choices may be produced on some
occasions by successive scanning as by conservative focussing,

and on other occasions successive scannlng may be indistinguishable
from focus gambling. In other words, Bruner et al's procedure

for classifying the types of cholces generated by subjects into

one of the ideal strategies proposed is invalid.

Other objections have also been raised that the method for
identifying strategies is lacking in objectivity, that too much
reliance is placed on inference by the experimenter. Hunt (1962)
has suggested that two independsnt judges should be used to

determine strategles, However, from the criticism made by
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£ifesrmann above, no number of judges could rellably or validly

clasaif'y subjscts as employing one of Bruner st al's ideal strategies.
Byvers (1963) has proposed that an objective classification
of strategles ls possible if a strategy is redefined as the
sglection of cards from certein response classes, which differ
according to the number of attribute values changed from the
focus card. As a technigue for making inferences about the
process of concept attainment, Byers' procedura suffers from
several deficiencies, Firstly, it asesumes thal the subject
uses the glven inatance as a focus card for the whole of a
problem, even though Bruner et al suggested that sometimes
subjects changed their focus. Secondly, it provides no indication
of the redundancy of card cholces also noted by Bruner et al.
Thirdly, it assumes that only cne strateqy may be employsd
guring any one problem, an assumption which has heen found
to be not always true (Brunmer et al.,l1956; Eifsrmann, 1965b),
These deficisncies undoubtedly arise because HByers' redefinition
of strategy 1s clearly not intended to be used as a basls for
making inferences about some intervening process. Rather his
definition makes strategy a directly measurable index of overt
bshaviour during concept attalnment. Perhaps it would be
better, therasfore, if a differsnt label to strategy wms smployved
in this casa, The need to redefine strategy in this way may
he an admission of the likelihood of success of a process

approach to concept attainment.
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Laughlin (1965, 1968h) has develaped a guantitative index
of strategy usage by conecelving of focussing as & contlnuous
dimension rather then a strict dichotomy with ssanning. On
thls proposal a greater usage of the fosussing strategy by a
suhject reflected a lessar usage hy that same subject nf the
seanning stratsay. The amount of focussing was scored acoording
to two rules; (1) eech card choice had to obtaln infarmation
on a new attribute; and (2) if an hypothesis was made, 1t had
to be tenabls considering the information avaellable, The
number of trials which satisfied both of thess two rules was
divided by the total number of trials to solution to obtain a
focussing score from zero (no focussing) to one {(complete
focussing). This approach by Laughlin, whilst objective,
still does not ovarcome the criticlsm of Eifermann on how to
differentiate between conservative focussing and simultaneous
scannings both ideal strategles would be expected to yleld a
focuseing scors of one. Moreover, Laughlin's rulss for scoring
focussing ssem to be more & measure of the efficlency of
performance than of the process involved in arriving et the
concept, a possibility admitted by Laughlin himealf (Laughlin,
1968b). Thus, it is not surprieing that more difficult concepts
show less focussing.

Giambra (1971a, 1971b) has suggested that what Laughlin
is measuring is really the subject's de facto strategy rather

than his intendsd ane, The intended strategy used by a subject
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may be ascertained, according to Giambra, by requiring ths
subject 1n addition to indicate whether he expects the selected
card to be a poslitive or a nagative instance. The Justificatiaon
of this claim 18 glven in the form of an example. Conslider a
subject who, in attempting to identify 2 conjunctive concept,
has selected an instance which variss from the initial positive
instance by two attribute values. If this sslected instance
is positive, then a considerable amount of infermatlon is gained
about the concept, viz., that the two attribute values changed
are irrelevant, If, on the other hand, the instance 1s nepgative,
very littls information about tha concept is acquired. Giambra
arguss that a subject using a focussing strategy must have
expected the card selacted to be a positive instance. Therefore,
he deduces, 1f the subject intended the card to be negative, then
he could not hava been using a focussing strategy. By implicatian
he must have besn using a scanning strategy. Giambra does not
speclifically state hle conclusion if the subject intended the
instance to be a positive instance, but it is apparent that he
would classify this as indicative of a focussing strategy.
This assumption, unfortunately, overlooks the assertion of
Brunmer et al. that subjects using sucecesslve scanning prefer
direct teats of their hypothesis, If Bruner et al, are correct,
this means that, like focussing subjects, scanning subjects

expect moet of their instances selscted aleo to be positive.
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Thus, having the subject indicate whether he expects the inatance
selected to be posltive or negative still does not enable an
operational distinction to bs made between focussing and seanning
gtrategles. The same objections therefore apply also to
Glambra's approsch as to Laughlin's,

The failure of attempts to differentiate betusen strategiss
on the basls of the sequence of card cholces forces a retreat to
more subjective methods. Eifermann (1965b) has suggewted that
one approach to the identification of strategies is to analyze
not only the choices made, but also the reasons the subjscts
give for making these cholces. The use of subjective reparts
has been rejected by many people in the past becauss of the
belief that subjects who succesefully solve problems are often
unable to describe how they arrived at their solution (e.g.,
Bruner et al,, 1956), Contrary to this common observation,
Eifermann claimed that the adequacy of the verbal report in
tasks which require logical thinking is positively correlated
wlith effieciency in performance. Using this method fer inferring
strategles, therefore, Eifermann noted in line with Bruner et
al's clessification that subjects may be broadly grouped into
those who employ a concept-centred approach (equivalent to a
scanning strategy) and thoss who employ a component-centred
approach (equivalent to a focussing strategy). In the early

atages of the task, howsver, considerable variation in the type
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of responsaes and reports glven was evident even for a single
subject and it waes only after baing exposed to several problems
of the same typs that the subject developed any consistent
atrategy.

In summary, severe criticisms have been made of the
reliability and validity of the inference of atrategies in
conjunctive concept attainment, It seems that no satlisfactory
description of such processes is possible without refersnce to
subjsctive reports. Because of the tentativenesa of process
descriptions obteinad in thie way, no evidence 1s available on
the relationship betuwesn strategies and performance. Indeed,
it is likely that Elfermenn's method of inferring strategies
may itealf have an effect on performance. Byers and Davidson
(1967) have shoun that concept identification is facilitated
when subjects are required to state an hypothesis of the concept
on each trial., A pilot study by the present author using the
Eifermann technique confirmed her classification of strategies
not only for conjunction but also for inclusive disjunction
as well. However, comments by subjects after ths experiment
saemed to indlcate that requiring a reason for sach card choice
affected performance either by suggesting a solution whlch may
not otherwise have been seen or, in some cases, by interfering
with the process of evaluating and storing information about

the concept.
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Experiment III: Selection strategies and performance followlng

training on 25 atiribute-identification problems for four

conceptual rules,

Perhaps an alternative method of assessing the strategies
employed by subjects is to ask the subject at the end of a problem
to describe how he would tackle another problem of the same type
if one were presented. This method suffers from the disadvantage
observed by Eifermann (1965h) that the process of concept
attainment for early problems tends to be guite variable.
Accordingly, it is unlikely that many subjects could state
their method of attack until they had some considerable practice
at solving problems of the same type. An sxperiment was conducted
in which subjects wsre given practice at solving a seriss of
25 successive problems bafore they were asked to describe thelir
strategy. Clearly any strategies inferred after this amount
of practice are going to differ from the sorts of strategies
identified for naive subjects. The major source of difference,
it is hoped, will be the elimination of any non-systematic or
redundant features of responding. There is also the posseibillty,
of course, that soms subjects may have developed a completely
new approach to a problem from the one utilized at the beginning
of the series, Strategies inferred, therefore, cannot be regarded
as necessarily indicative of the types of strategles utilized

by naive subjects., Nevertheless, classification of strategiles
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by matching with Bruner et al's ideal strategies, for example,
should be samewhat more reliable following practice than in
the absence of practice effects.

If this technigue is successful, the degree to which
performance may be predicted from the strategy employed can
be evaluated, Praviding subjects with training on the task
has an additlonal advantage here in that performance can be
expected to reach a stable or asymptotic level which should
facilitate comparisons between actual performance and performance
predicted by the subject's stratsgy.

Four conceptual rules were examined, From Bourns (1967),
it might be expected that any differences in difficulty betuween
rules which are svident on initlal problems should disappear
with practice. A consideration of the ideal strategles possible
for each rule, on the other hand, leads to a different prediction.
According to an optimal (maximum information per choice, na loss
of information through forgetting, no risk) focussing strategy,
the order of difficulty of rules after training should still be
conjunction, biconditional and inclusive disjunction, and
conditional, as estimated by the minimum number of trials to
solution necessary. This order is caslculated for an orderly
arranged stimulus display having four attributes with three
values per attribute. The initial instance on each problem
may be drawn from any of the poslitive stimulus classes for

gach rule: TT for conjunction, TT, TF, and FT for inclusive
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disjunction, TT, FT, and FF for conditional, and TT and FF
for biconditional.

If the prediction derived from a consideration of ideal
strétagiss is true, then this negates the simple familiarity
hypothesis about differences betwesn rules being due to differing
familiarity with the rules and thelr appropriate strategies
(Haygood and Bourne, 1965). Of course, the familiarity
hypothasis can be modified to overcoms this difficulty. This
is to suggest that the number of cholces which are redundant
to an appropriate strategy can be eliminated by practice.

At any rate, any account of differences between rules which

is based on the notion of familiarity is scientifically
untestable since a failure to eliminate the differsnces between
rules with practice could always be attributed to the possibillty
that a difference in familiarity still existed between the rules.

Ideal strategies Por the four rules are outlined below.

In line with the formulation of Bruner et al., strategies are
divided into hypothesis-testing or scanning and attribute-testing
or focussing., Little needs to be amdded here to the description
of scanning given by these authors. Simul taneous scannlng and
successive scanning seem eguslly applicable in the form described
to all conceptual problems, irrespective of the rule. The same
is not true, however, for focussing in which the ideal plan

shows considerable variation according to the rule. Moreover,



126,
even for the same rule, a strategy which is asppropriate for
one type of initial positive instance is sometimes inappropriate
when other types of initial positive instances are presented.
What is needed, of course, is a strategy which will produce
the concept under all conditions of initial instance. Tha
objectives of the task may be assumed to bs to find the concept
in the minimum number of cholces, wlith minimum load on memory
and infsrence, and without risk,

For conjunction, the ldeal strategy given these objectives
is conservative focusaing, On this strategy, cards are selected
which vary from the focus card by one attribute value, If
a card chasen in this way is positive, then the changed attribute
value ia irreleavant; if negative, the chamnged value 1s relevant.
If after two cholces, tws negatives or two posltives have been
found, the concept consists of the two attribute values,in the
focus found relavant or the two attribute values in the focus
not found irrelevant respectively. A further cholce is nscessary
if pne positive and one negative card are found in the first two
choices, 8ince half the problems on the average are solved in
2 choices and the aother half in 3 choices, the mean number of
cholces with an ideal strategy i1s 2.5 choices.

For inclusive disjunction, the ideal focussing strategy

depends on whether the initial instance contains both or one

relevant attributevalue. Thus the flrst step is determine
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the nature of the initial instance. This is done by selecting
two cards which do not have any attribute values 1n common wlth
each other or with the focus card, If these two cards are
negative, than the initial instance contalns both relevant
attribute values, If only one is negative, then the initial
instance contains only one relevent attribute value., If the
former is the case, then the caoncept may be found by choosing
cards which vary all but one attribute value of the focus.

If a positive instance results, thsn the unchanged value is
relsvant; 1f negatlvs, then the unchanged value is irrelsvant,
In this way the concept may be found on the average aftier 4.5
choices. hen the initlal instance containa only one relevant
value, the focus must he changed te the negative instance
already selected. Cards are then selscted which vary one
attribute value at a time from the new focus. If a positive
instance results, the changed valus is relsvant; if nepgative,
the changed value is irrelevant. All values on each attribute
are tested until one relevant value is found, If this value
is present in tha initial instance, then the remalning values
tested need be only those not in the focus nor in the initial
instance., Conversely, 1f the obtained relevant value is not
in the initial instance, then only those values in the initial
instance need be tested to find the remaining relevant valua.
Using this strategy, ths concept may be found after an average

of 5.9 choices.
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" For condlitional, two parts can be distinguished in the

ideal strategy: (1) a search for a negative instance, and

(2) identification of the rslevant attribute valuss using

the naéativa inatance as a new focus, The strategy outlined
here worke for the thrae possible initial lnetances, but
different mean perfarmances are predicted for sach. To find

a negative instance, cards are chosen which vary all attribute
values but one in the initlsl instance, If no relevant values
are pressnt in the initial instance, then an average of 2,6
choices are reguired; Lif onae relevant value 1s present, 2,0
cholces are required; and if bath relsvant values are prasent,
4,0 choices will be required on the averags. Having located

a negative instance, rslevaent attribute values may be found by
using this negative instance ae a new focus and varying ons
attribute valus at a time, making a direct test of each valus
of sach attribute. If all values of an attribute yield negative
instances, then the attribute is irrslevant. If ons value of
an attribute ylelds a positive instances, then this value 1s the
"t1en" part of the concept. If two values of an attribute
produce positive instances, then the valus of this attribute

in the focus card is the "if" part of the concept. This
strategy requires a mean of 5.2 trials for identifying the
concept, Thuse, if ne relevant values are present in the
initial instance, the overall mean number of choices required
is 7.8; 1if one value is present, the mean is 7,2; 1f both

are present, the mean 1ls 9.2,
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For biconditlonal, an ideal focussing strategy can be
developed which can be used to identify the concept irrespective
of the type of initial instance, but once again performance is
predicted to differ for the two types of initial instances.
Using the initial instance as a focus, instances are selected
which vary one attribute value at a time so as to test all
values of each attribute. If all tests for a particular
attribute are positive, then that attribute is irrelevant,
If two of the three tests for an attributs yield positive
instances, than the attribute value which gives a negative
instance is relavant. If one of the three attribute values
yields a positive instance (i.e., the initlal instance), then
that value is relevant. On this strategy a mean of 4.5 cholces
are required to solution if both attribute values are present
in the ipitial instance; if, howsver, neither of the relevant
values are present in the focus card, 5.9 cholces are requlred.

In the experiment which follows, on half of the problems
the initial pesitive instance was drawn from the subset of
positive instances containing both relevant attribute values.
For the remaining problems the nature of the initial positiva
instance was dependent on the type of concepts for conjunction,
the initial positive instance on the remaining problems also
contained both relsvant valuesy for inclusive disjunction,

the remaining problems had initisl instances with only one
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relevant attribute value; for the conditional, half the
remaining problems had initial positive instances with one
relevant value, while half had neither relevant values; for
the biconditional, neither relevant values were present in
the initial positive instance for the remaining problems,
These proportions were adopted arbitrarily. This means that
the msan number of cholces predicted by an ideal focussing
strategy is 2.5 for conjunction, 5.2 for biconditional and
inclusive disjunction, and 8.4 for conditional,

1, Method

Be Design and Subjects. - This experiment was conducted as

a class practical far third-year psychology students at the
University of Adelaide. The kind permission of Professor

M. A, Jeeves in running this experiment is acknowledged.

The 4B students who took part as subjscts were not completely
nalve to concept learning tasks.

A 4 x 25 repeated-measures factorial design was ueed with
the variahles, (a) conceptuzl rule (conjunction, incluslve
disjunction, conditional, and biconditlianal), and (b) problems
(25 for each subject). Twelve subjects were assigned to one
of the four rules. The attribute values for the 25 concepts
were randomly chosen for each subject from the 54 possible
pairs of attribute-value combinatione of two attributes.

Two experimental seseions of approximatsly two hours each,



FIGURE 2. Effect of training on 25 problems on the mean

number of card cholces to attribute identiflcation

for four conceptual rules,
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one week apart, were required for each subject.

The initial positive instances on each problem were
randamly chosen with the following provisions. Half the
problems for each rule began with a TT instance. For the
remaining problems the type of initial inatance presented
was dependent on the rule: for conjunction, these were TT
instances also; for inclusive disjunction, the remaining
problems had TF or FT initial instances; for the conditional,
half the remaining problems began with FT instances, while
the other half began with FF instances; for the biconditiaonal,
FF instances wers presented on the other probleme, The order
of the different types of initlal pesitive instances was randomized
for sach subject.

by Stimull. - The same stimull wsre used as in Experiment I.

C. Procedure and Instructions. -~ Thae details of the procedurse

and instructions were the same as in Experiment I,

In acdition, after 25 problems had been completed, the
subject was asked to write down an account of the approach he
would use to find the caoncept if he was presented with another

problem simllar to those he had solved,

2o Results and Discusslan

The mean number of card choices to solutlon on each of the

25 problems for the four rules may be seen in Figure 2. An
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analysis of varlance on this dats transformed by a square root
transformation so as to make the variances more homageneaus
revealed a slgnificant effect of rules, F (3,44) = 52,40,
p<.001, of problems, F (24,1056) = 5.36, p <.001, and also
a significant lnteraction between rules and problems,

F (72,1056) = 1.56, p<.05. From the graph this interaction
seems to be due to inclusive disJunctisn and biconditional
having similer difficulty to conditioral on early problsms,
but having less difficulty on later problems.

The results for the last 5 problems are summarized in
Table 10 in tarma of the mean and standard deviation of the
number of card cholces to solution for each conceptual rule
and problem. An analysis of varlance was carried out on
this data transformed by a square root transformation. The
effect of conceptual rule was significant, F (3,44) = 40.29,
p<.001, No significant difference was fgund between problems,
nor was there a significant interaction effect betwsen rule
and problems, A summary of this analysis is given in Table 11,
R post hoc analysis on rules using Newman-Keuls multiple range
comparisons revealed significant differences batween qunjunctinn
and other conceptual rules (p<.0l), betwsen biconditional and
conditional (p<.0l), and between inclusive disjunction and
conditional (p<.0l). Thus the ascending order of difficulty

of rules after 25 problems is conjunction, biconditional and
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Problem
2l 22 23 24 25 Averagse
Conjunction _
Mean 2,5 2.8 2.9 2.6 2.3 246
S.0. 0.7 G.6 1.0 0.8 0.6 0.8
Inclusive
disjunction
Mean | 5.8 6.1 5.2 6.3 o3 5.5
8.0, 245 2.6 1.5 2.1 2,3 2.2
Conditional
Mean 10.5 |10.5 8.5 7.2 8.2 9.0
§.0. 5.9 Bolt 3.7 3.1 3.0 be.6
Biconditional
Mean 6.0 5.0 5.8 5.1 5,9 5.6
5.D., 3.2 | 1.9 | 1.0 | 1.9 | 1.6 2.0
TABLE 10, Msan and standard deviation of number of instances

selectea to sclution on the last five problems,
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inclusive disjunction, and conditional, which closely resembles
the order obtained in Experiment I and in Laughlin (1968b, 1969b).
The finding of no difference between problems suggests that
subjects have reached a stable or asymptotic lavel in thelr
performance, It is evident therefore that a simple familiarity
hypathesis cannot account for differsnces betwssn rules on

attribute-identification.

Source of variation S5.5. D.Fe. MeSe F P
Between subjects 67.63 L7
Rules 49,58 3 16,53 40.29 |<.001
Subjects within

groups { 18.05 L 0.b41
Within subjects 4,34 | 192
Problems 1.04 [ 0,26 1,02 NeS.
Rules X Problems 3.45 12 0.29 1.13 NeSa

Problems X Subjscts
within groups Lh,85 | 176 0.25

TABLE 11, Summary of analysis of variance an the trials to
solution deta for the laest five problems transformed

using a squars-root transformation.
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It may also be noted that the obtained order of rules is the
same order which was predicted by ideal focussing strategles.
Moreover, the mean number of choices required over the last five
problems closely resembles the predicted mean for the ideal
strategies. It should not be assumed from this, hausver,
that subjects are necessarily utilizing an 1deal strategy or
even a focussing strategy on each rule, Examination of the
subjective reporte gathered at the end of the 25 problems
indicates, nevertheless, that in almoat every case subjects
did employ a focussing approsch and in some instances these
resembled the ldeal strategies outlined in the introduction
to this experiment.

For conjunction, 11 of the 12 subjects reported using
a strategy similar to conservative focussing, that is, an
ideal focussing strategy « The remaining subjsct utilized
a simultenecus scanning strategy where all possible hypotheses
remaining after the given instance were testeds, The observed
mean of 2.6 trials to solution over the last five problems
closely approximates the mean number of 2,5 trials expscted
theoretically for both conservative focussing and simultansous
scanning.

For biconditional, three strategies were reported.
Seven subjects adopted the ldeal focussing strategy. One

subject employed a similar approach except that he changed
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his focus to the first inetance which indicated one af the
relevant attribute valuas, Four subjects bsgan by assuming
that the given instance contained both relevant attribute
values, Using this instance as a focus, they employed a
conservative focussing strategy similar teo that found for
conjunction, 1f three positive instances were obtained,
then neither of the relsvant values were present in the glven
card. In this case a direct test was made on each attribute
value as in the ideal stratsgy. 0On the other hand, if two
negative instances were obtained, 1t was concluded that the
two relevant attribute values were present in the given instance.
These valugs were identifisd to be those valuse which, when
changed, yielded negative instances, It will be reslised
that the last strategy involves an incorrect assumption which
would lead to an occasional incorrect hypothesis, viz., that
where two negative instancee were obtalned, the relevant
attribute valuses were present in the initial positive instance.
A comparison between the mean of 5.6 triale to solution over
the last 5 problems and the expected mean of 5.2 trials
required by the first or ideal strategy utilized optimally
with no lposse of information through forgetting indicates
again a close approximatlion between observed performance
and that theoretically expected from a consideration of

strategies,
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For inclusive disjunction, four kinds of strategies can
be identified from the subjective reports., None utilized the
ideal strategy described earlier., Six subjects reported using
a strategy which involved changing one.attribute value at a time
using the previous card tested as a focus card sach tims.
Whenever a change in an attribute value of a positive instance
resulted in a negative instance, that attribute value was
relevant. UWhenever a change in an attribute value of a negative
instance resulted in a positive instance, the valus of the
attribute in the positive instance was relevant, Two subjects
reported using the glven card as a focus, and changing one
attribute value at a time until a negative instance had bsen
found. That attribute value which, when changed, yielded a
negative instance, was relevant. The second relevant attribute
value was then determined by taking the negetive instance as a
new focus, and changing valuss of other attributes, one at a
time, until a positive instance was located. It may be seen
that the method employed here for sesking a negative instance
would be unsuccessful whenever the inltial positive instance
contalned both relevant attribute values. Three subjects
adopted the glven card as a focus, and changed three attribute
values at a time, holding one attribute value constant on
each trial, If two paositive and two negative instances resulted,

then the glven instance contained both relevant attribute values,
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and these were determined to bs those valuas which, when
unchanged, yielded positive instances, 1If this result did
not oceur, the relevant attribute values were found by using
a negative instance as a new focus, and changing one attribute
value at a time with a direct test of sach attribute value,

It may be ssen that this strategy too may occasionally lead

to an incorrect hypothesis when the initial instance contains
only one relevant valus, The fact that two positive and two
negative instances result from the first part of the strategy
does not necessarily mean that both relevant values were present
in the initial instance, Ons subjsct elected to change all
attribute valuss from those present in the glven card, This
was done twice, using different attribute values in each case.
If both card cholees proved negative, then the initial instance
contained both relevant values; 1f only one was negative, then
the initial instance contained one relevant attribute valus.
With this lnformation, individual hypotheses were tested until
the concept had beesn attained. It is difficult to provide a
reliable prediction of the mean trials to solution for these
strategles, but the third strategy (excluding the possibility
of an incorrect hypotheeis) requires a mean of 5,7 trisls to
solution which can be compared with the obtained mean of 5.5

trials over the last 5 problema,
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For the conditional, as in the ideal strategy two parts
can be distinguished in the strategles reported: (1) a search
for a negative instance, and (2) ldentification of the relesvant
attributs values. No completely systematic ssarch strategles
were used to locate a negative instance. Six subjects began
by adopting the given positive instance as a focus card and
varied one attribute value at a time until a negative card was
asglected, If this method was unsucecessful, mores than one
attribute valus was changed and instances werse chosen in an
apparently unsystematic fashien, The remaining subjects did
not utilize any clearly classifiable procedure to find a negative
instance. An estimate can be made of the mean number of trials
required to locate a negatlve instance for those problems in
which bath relevant attribute values (x = 2.5 trials) or neither
relevant attribute values (X = 4.5 trials) were present in the
given card. where one relevant attribute value was present
in the given card, changlng one attribute valus at a time fraom
the given card will nsver produce a negative inatance. In the
present task, therefore, a mean of 3.2 trials should be needed
to discover @ negative instance for two-thirds of the problems;
no reliable estimate can be made for the remaining problems,
Having found a negative instance, eight subjects used a negative
focussing strategy similar to that found in the ideal strategy

described sarlier. This strategy requires an average of 5.2
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trials for identifying the concept. Other strategiss employed
a method of testlng single hypotheses or were unclassifiable,
Thus, the best estimste of the mean number of instances selscted
for a conditional concept is 8.4, which compared with the obtained
maan of 9.0 instances aver the last 5 problems.

These therefore were the saslection strategies infsrrad from
the subjective reports given by subjects at the snd of training
on 25 problems, From the instructions presented to the subject
at the beginning of the experiment, it may be assumed that the
subject had at least two objectives an the task: (1) that each
selection should enable the maximum possible information about
the congept to be gained, and (2) that the concept should be
attained without risk of error., A third objsctive may also
bas suggested, namely, that the concept should be attained with
the minimum load on memory and inference. Some observations
can be made about the strategles inferred having these objectlves,

Firstly, the nature of the strateglies for any concept type
shows som3 varistion bstween individual subjects on the preferred
method of attack on a problem, Furthermore, 1t is apparent
that the variety of strategiss for identifying a particular
type of concept increases as the difficulty of the concept
type increases, Not all of these strategies, howsver, wsre
found to be effective under all conditions, The main factor

determining the effectiveness of a strategy seems to be the
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nature of the initial positive instance. In this regard, a
Wilcoxon signed-ranks test indicated that, for biconditional
significantly more trials to soclution were reguired over 25
prablems when neither of the relevant attribute values were
present in the initial instance than when both relevant attribute
values were present (p <.0l1); for conditional, fewsr trials
were needed when both of the rslevant attribute values were
present in the initial instance than when ane or neither were
present (p<.05); no difference in performance was evident
for inclusive disjunction betwsen the two types of initial
poeitive instances, This result extends the svidence obtalned
in the previous chapter relating performance to the type of
initial instance presented. It may also be compared with
Haygood and Devinet's (1967)finding that attribute idsntification
af biconditional and inclusive disjunctive concepts was
impraoved when the proportion of instances with both attribute
values was increased.

Sacondly, the subjective rsports of strategies indicate
that most subjects prefer a focussing technique to attaln concepts.
They do not, however, suggest that conceptual rules differ in
the extent to which focussing is employed, as has been postulated
by Laughlin (15968b). This may simply mean that with practice
subjecte ars able to apply focussing technigues egually to all
rulea, Alternatively it may mean that Laughlin's assertion

is a function of his index of the amount of focussing which has
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already been shown to be an invaelid measurs of strategy usage.
On conjunction and biconditional a positive instance was commonly
taken as @ focus; on conditional, subjects reported seeking a
negatlva instance which could then be used as a focusj on
inclusive disjunction, there was no clear pradilection for
either positive or negative instances to be used as foci.

These findings are compatible with the results obtained in

the previous chapter. There it was noted that subjects on
conjunction did not gain any information about the concept

untll they had located a positive instance. Prasumably thé
positive instance once encountered was used as a focus to
determine the relsvant attribute values, Similarly on the
conditional no information about the concept was galned untll

a negative instance was found which, it would seem was then used
aa a focus, On the biconditional, the critical instance was

a positive instance contalning both relevant attribute values,
From the strategiss reported in thils expsriment subjects still
prefer to assuma a TT positive instance on this rule, although
several apparently have learned with practice to use an FF
positive instance as a focus. The finding of no clear preference
for a positive or a negative instance for a focus in this
experiment for inclusive disjunction is again consistent with
the earlier evidence where it was shown that no difference in
performance resulted for this rule when the initial instance

was positive or negative.
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Bruner et al. (1956) and Byers (1963) have observed with
conjunctive concepts that subjects display a marked tendency
to select cards which differ in only ons atiribute value from
the focus card, Bruner et al. also noted this tendency with
disjunctive concepts., The present study suggests that the
same tendency is alsg to be found for other conceptual rules,
The existence af this feature in the behaviour of subjects
asccounts for the absence of anything approximating a complementary
focussling strategy suggested by Laughlin (1968b). The same
modifigations reported by Bruner et al. to a coneervative
focussing approach to conjunctive concepts are also observable
hers, 1ncluding changing of the focus and direct testing aof
all attribute values, Whilst these modificatlions may serve
ha essentlal purpose fur conjunctive concepts, thay are frequently
crucial to successful attainment of other types of concepts.

Strategies and memory effects

In the previous section differences in difficulty between
rules were accounted for in terms of the number of choices required
by certailn inferred focussing strategies. It was notlceable
that almost sll subjects elected to utilize a focussing approach.
Several reasona may be offered for this flnding. Firstly,

Bruner st al. suggssted that an ordered array of instances
produced more focussing than scanning, whils scanning was more

evident with a rendom array. In the previous experiment an
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ordsred array was presented. A second possible reason is
that scanning is more likely when subjects ars required to
state their hypothsesis on each trial, A further possibility
is that the presentation of an initlial instance is mors conducive
to focussing than scanning. Another reason may be that focussing
and scanning have different memory requirements. Byers,
Davidson, and Rohwer (1968) showed that subjects given instructions
on the use of the conservative focussing strategy for attaining
conjunctive concepts showsd no improvement in performance when
provided with a memory aid, whereas the performance of subjects
not given focussing instructions was facilitated when a memory
aid was available. Bruner et al., slso reportsd no decrement
in performance for focussers required to solve problems "in-the-
head", but a decrement was found for scanners under the same
conditions.

This last point may be relevant to an experiment by Laughlin
(1968b) who found that providing subjects with pencil and paper
during an attribute-identification task did not facilitate
their performance compared with a control group of subjects
not permitted to use such a memory aid. The arrangement of
stimull and the presentation of an initisl positive instance
suggests that his subjects may have been predominantly using
focussing strategles, although they were required to state an

hypothesis on each trial. If a focussing strategy wes employed,
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then this may account for the fallure to find any improvement
with pencil and paper as a memory aid. Alternatively the
failure may be simply due to ths ineffective use of the memory
aid, 8ince Laughlin does not indicate the ways in which the
pencil and paper were utlilized, it is difflicult to esvaluate
this possibility.

fFrom the experiments reviewed in Chaper 2, it was concluded
that performance is improved by increasing the degree ta which
prior information 1s available to the subject during learning,
provided sufficient time is allowed for inspection and inference.
In these studies, however, theres were two major procedural
differencea from Laughlin's experiment. Firstly, most of
them employed the reception paradigm, whersas Laughlin used
the selection procedure for presenting instances. Whether
this is likely to affect the influence of the avallability
of previsus instances on performance is uncertain. However,
one experiment by Bourne, Ekstrand, and Montgomery (1969) alsa
used the selection procedure end their results supportsd the
caonclusion made in Chapter 2. In thsir experliment, howsver,
no initial instance was pressnted, hypothsses wsre required
after each five selections, and stimull were randomly arranged,
all of which have been suggested to increase the incldence of
scanning, Thus, it is likely that scanning was more fregquantly

used in Bourne et al, than in Laughlin where it has bsen suggested
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that most subjescts employed a focussing atrategy. This difference
may account for why Bourne et al. found a memory aid facilitated
performance whereas Laughlin did not.

Secondly, in the studies reviswsd the form of availability
of past infarmation was clearly proscribed; in Laughlint's study
the subject had to develop his own method of storing information
in an accessible form. Moreover, whereas the actual stimull
were retained in previous studies, Laughlin's subjects presumably
translated the stimuli into some repraesentatlonal symbol. This
suggests that retrisval of information from a memory aid such
as pencil and papsr is likely to be far mors difficult and
therefore less baneficial to performance.

An experiment was conducted to explore further these
questions raised by Laughlin's experiment. Data from Experiment
I was used for the control group. It was desired to attempt to
replicate Laughlin's finding of no improvement with pen and
paper and to relate this finding, if confirmed, to tha ways
in which the memory aid is used, Such information may also
indirectly suggest the strategies which subjects are utilizing.

It was also desired to investigate the relationship between
memory load and conceptual rule difficulty. Studies by Denny
(1969a) suggest that recognition-memory error for previcusly
presented stimull within a concept problem is greater for rules

of greater difficulty. When the memory load for these past
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stimuli was reduced, ths difference in difficulty between rules
was alsp attenuated (Denny, 196Sb). A similsr result was
reported by Shepard, Hovland, and Jenkins (1961) who presented
subjects with the task of remembaring ths category to which
each of eight stimulus cards were eseigned for six different
types af concepts, They found that ranking of concept types
by the accuracy and speed wlth which the assignment of atimuli
was memorized yislded the same order as was obtained when
subjects had to learn claesifications for ths various types.

Both Denny and Shepard et al, employed the reception paradigm.

On the other hand, neither Laughlin (1968b) using the selsction
paradigm, nor Laughlin (1969b) using yoked selsction and reception
paradigms wsre able to find any interaction effsct bestween rule

and memory aid. In ths experiment to be described four conceptual
rules were examined and an attempt was made to see whether any
interaction effect betwesn rule and memory aid was obtained

which might be in agreement with the results of Denny and

Shepard et al.,

Experiment IV: Usage of pen and paper &8 8 memoTy ald in concept

1dant1ficatiun using a selectlon procedurs,

1, Method

= Design and Subjects, - The subjects were 52 undergraduate

astudsnts from the first-year psychology subject poole A & X 5
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repeated-measurses factorial design was used with the variables
(a) conceptual rule (conjunction, inclusive disjunction,
conditional, and biconditional) and (b) problems (five for
each subject)., Thirtsen subjects wsre assigned to each of
the rules at random with the limitation that there be approximately
equal numbers of each sex on each rule. The attribute values
for the five problems were randomly drawn from the 54 possible
pairs of attribute value combinations of two attributes., The
initlal positive inestance on each problem was randomly selected
from the subset of positive instances having both relevant
attrlbute values,

b, Stimuli, - The sams stimulus display was used ae in

Experiment I,

C. Procedure and Instructions. - These were alea exactly

the same as in Experiment I. In addition subjects wers provided
with a pen and a foolscap note pad which they wers told they
could use as they pleasad in order to find the concept. No
instructions wers given on how they might utilize the pen and
paper.

2, Results and Discuasion

The resultes are summarised in Table 12 in terms aof ths
mean and standard deviation of the number of eard cholces to

solution for each conceptual rule and problem.
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Conceptual Rule Problem
1 2 3 4 5
Conjunction Mean 545 5.2 3.9 55 4.0
8.0, 2.2 2.9 1.5 2,2 2.1
Inclusive disjunction | Mean | 2k.5 30.8 20.8 14,5 12.7
8.D. 11.0 23,7 16.4 7.3 7.5
Conditional Mean 28,2 30.8 22,7 20.8 21.0
S.D. 25.6 20.2 14,6 13,3 16.4
Biconditional Mean | 2b.bL 22.5 1l.4 15.9 13.0
8.0. | 18.6 21,9 8.6 8.7 10.8
TABLE 12, Number of card choices to solution when pen and paper

are provided,

Using the data from Table 1 as a control group (no pen and
paper), an analysis of variance was carried out on this data
transformed by a sguare-root transformation so as to make the
variances more homogeneous. Significant sffects were obtained
for conceptusl rules, F (3,96) = 25.35, p<.001, and for successive
problems, F (4,384) = 14.11, p<,.001, No significant difference
was obtained betwsen the control group and the group provided
with pen and paper, nor wers there any significant interaction

effects. A summary of this analysis may be found in Table 13.
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Source of variation 5.5, D.F. M.S. F
Between subjects 890.02 103
Rules 388,38 3 129,46 |25.35 001
Memory aid 4,67 1 L.67 1 NeSe
Rulss X Memory aid 6476 3 2.25 1 NeSe
Subjects within

groups 490,21 96 5.11
Within subjects 583,62 4lo
Prablems 69,99 L 17.50 [1h4.11 .001
Rules X Problems 17.62 12 1,47 1.18 NeS,
Memory aid X Problems L.11 L 1.03 1 N.S.

Rules X Memory aid X
Problems 15.82 12 1.32 1.06 NeSe

Praoblems X Subjects
within groups 476,08 384 1.24

TABLE 13, Summary of analysis of varlance.

A post hoe analysis using Newman-Keuls multiple range comparisons
revealed for rules, significant differsnces between cenjunction
and other rulss (p<.0l), betwssn biconditional and condltional
(p<.01), and between inclusive disjunction and conditional
(p<.05). Thus, the order of difficulty of rulss is conjunction,

biconditional, inclusive disjunction, and conditional from easlest
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to most difflcult. Post hoc comparisons for problems showed
Problems 1 and 2 required significantly more trials to solution
than other problems (p<.01).

These results support Laughlin?s (1968b) finding that
there is no facllitatory effect on concept identification of
providing subjects with pen and paper during the task, An
examination was thersefore made of the various methods in which
the pen and paper was used by subjacts. A summary of these
methode may be found in Table 14, It can be seen for conjunction
that the most frequently employed method was to disregard the
pen and papar altogethsr. For these subjects it is not surprising
that there 1s no improvement in perfurmance on the memory aid
condition. Other subjects showsd clear signs of using a
focussing strategy by listing only the attribute values in
the glven paositive instance. Again it may be expscted that
these subjects should show llttle improvement with pen and paper
aveilable, For ipclusive disjunction, conditional, and
biconditional, the majority of subjects electsd to make a
1list of the attribute values of sach card chosen and whether
it was positive or negative. Short~hand symbols were typically
used to represent attribute valuss, Thus, "R" represented red,
"0 " represented sguars, and so on, Sometimes, tha list of
instances selected was divided into two parts - a positive

category and a negative category. On other occasions, positive
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and negative instances were listed together under the one

headinga

Methods of use Canceptual Ruls

of pen and v

pRpaE Incl. , {Bicon-
Conjunctiaon diejunction Conditional ditional

All positive

and negativs

instances

listed 2 7 8 a8

Positive

instances

only listed 1 2 ¢ 1

Instances

recorded using

facslimile _

matrix 1l a i 1

Attributes under

test listed 3 2 3 2

Paossible

hypotheses

listed (1} D 1 1

No use 5 2 D g

Unclasaified 1 0 0 o

TABLE 14, Classification of methods of use of pen and paper
and the frequency of use of each method for four

conceptual rules,
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It is clear that the majority of subjects attesmpted ta
store all the instances selected. They were allowed as much
time as they required to inspect and make inferences from
these available instances. VYet the availabillity of past
instances dld not facllitate performance, This suggests
a further limitation on the conclusion mads in Chapter 2 on
the effects of providing subjects access to previous stimuli
encountered,. The precise natura of thlis limitation cannot
be specified from the praesent experiment, but it would seem
most likely to be concernsed with the problem of retrisval
of information from the storags display, Two possibilities
exist. Firstly, the problem in retrisval may be due to the
fact that the subjects must tranelats symbolically the atfribute
values of the cards selected, It may be that whenever subjects
must represent inetances selected symbolically, the effect of
availability of these instances thus transformed 1s less than
if the actual cards themsslves were retained. Alternatively,
it may be that the storage of instances was not soc arderly or
well organised as in other studies and it was this factaor
which hindered retrieval. Nsvertheless, 1t has already besen
mentionsd that several subjects listed positive and negative
instances into two groups., Moreover, three subjectas in the
present experiment developed a method af storing instances

which was clearly systematic, These subjectes drew on their
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paper a 9 x 9 matrix similar to the stimulus array, and

then proceeded to indicate whether an instance selscted from
the stimulus array was positive or negative by putting a mark
in the corresponding cell of the matrix array., If the degres
of orderliness of stored information is the principal factor
hindering retrieval of information about the concept, then
this method using a facsimile erray to reprasent stlmull should
lead to some improvement in performance, This shpould be the
more so because only certain spetial configuratlons are possible
for each type of concept for a systematically arranged stimulus
display, so that inspection of the instances stored using the
same spatial features as the display should enable subjects
to psrceive mors readily the relationship between the attribute
values of positive and/or negative instances,

An experiment was conducted to test this second account
of why the provision of pen and paper did not facilitate concept
identification, In this experliment subjscts were provided
with pen and paper ruled up in the form of a 9 x 9 matrix.
It was explained to them that they were to regard this matrix
as representing the stimulus display in front of them and that
when an instance was selected they should place a mark in the
appropriate cell of the matrix indicating whether it was a
positive or a negative instancs. Apart from this modification

the procedure was identical to Experiment I, which formed the
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control condition as in the previous expsrimant. If the
performance of the experimental group is superior to the control
group, then clearly the orderliness of the storage display is
a significant factor influencing the effect of the avallability
of past instances on concept identiflcation. If not, then
the first slternative discussed above would seem to be principally
affecting retrieval, It should be noted that the form of
storage display recommended in the experiment to be described
still requires symbolic translation, in that instances are

represented here as cells in a matrix,

Experiment V: The orderliness of the storage display as a

factor affecting concept identification

l. Method.

Be Design and Subjects. - The subjects were 52 naive under-

graduate students from the first-year psychology subject pool.
The design was identical to that used in Experiment IV.

be Stimuli. - The same stimulus display was used as in

Experiment I.

c. Procedure and Instruction. - These were also exactly the

same as 1n Expseriment I. In additlon subjects were provided
with a pen and a quarto note pad in which each page was drawn
up into 8 9 x 9 matrix array., It was polnted out to the
subject that this array could be regarded as a facsimile of

the stimulus display in that each cell in the matrix corresponded
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to a card in the display. The subject was instructed to
label his facsimile matrix and to indicate in the appropriate

cell *yes" or "nu" each time an instance was selected.

2 Results and Discussion

The results are summarized in Table 15 in terms of the
mean and standard devietion of the number of card cholces to
solution for each concsptual rule and problem,

Using the data from Table 1 as a control group, ®n analysis
of variance was carried out on this data transformed by a
sguare-root transformation. Significant effects were obtained
for conceptual rules, F (3,96) = 19,91, p<.001, and for
successive problems, F (4,384) = 19.12, p<,00l. The only
other significant finding was the interaction betwesen rules
and problems, F (12,384) = 2,11, p<.05. A summary of this
analysis may be seen in Table 16,

These results indicate that performance hes not besn
improved by the praovision of a storage display which is an
analogue of the stimulus display,. 1t would appear therefore
that the major factor preventing facllitation of performance
as @ result of the availability of past instances in this and
the previous experiment and in Laughlin (1968b) is that the
instances have had to be recoded using a set of symbols to
represent attribute values which are different from those in

the stimulue display.
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Coneeptual Rule Problem
1 2 3 4 5

Conjunction Mean 9.0 4,8 5.1 5.2 5.1

8D SJb 240 2.0 2.2 1.8
Inclusive Mean | 23.8 |14.9 12.5 13.1 8.8
Disjunction 5.0. | 10.5 | 9.7 5.9 54 2.8
Conditional Mean 20,0 |15.2 14.8 19.3 10.5

S.D. 7.0 6«6 9,4 12,3 5.3
Biconditional Mean | 17.3 |18.1 10,9 18.4 13.9

S.D. 12,5 |12.1 5.5 16.7 13.1

TABLE 15. Number of card choices to solution when pen and

matrix paper are provided.

Source of variation 8.5, D.F. M.S. F P
Beatween subjects 647,74 | 103
Rules 243,41 3 8l.14 | 19,91 | .001
Memory aid 2.62 1 2.62 1 NeSe
Ruless X Memory Aid 10,57 3 3.52 1 NeSe
Subjects within groups | 391.14 95 4,07
Within subjects 4L30.52 | 416
Problems 66426 & 16,57 | 19,12 | .001
Problems X Rules 21,92 12 1.83 2,11 | .05
Prablems X Memory aid 3.07 b 0.77 1 NeS,
Problems X Rulas X

Memory aid 6.53 12 0.54% 1 NeSa
Problems X Subjects

within groups 332,74 | 384 0.87

TABLE 16, Summary of analysis of varlance.



157.
Of course, 1t has still not besn shown that the fallure

to obtain any facilitating effect is not dus to the use of a
focussing strategy in these experimsnts, The task conditions
in these experiments have been such as to maximize the use of
focussing, and it has been argued that memory alds have little
or no effect on performance when subjects are utilizing this
type of strategy. A teat of this hypothesis could be made
by arranging the task conditions so as to ilncrease the likelihood
of scanning strategies instead of focussing. Thus, the stimulus
display could be randomly arranged, hypotheses required on each
trial, and the initial positive lnatance eliminsted or replaced
by an initial hypothesis, Under these conditions control and
experimental groups could be compared in the same way as in
Experiment IV,

The finding of no significant intsraction betwsen memary
aid and rules in this experiment and in Experiment IV fails to
confirm the result reported by Denny (19G9a, 1969b), but is in
agresment with Laughlin (1568b, 1969b). Several reasons may
be offered to account for this discrepancy. Firstly, the
failure to find a significant Rule X Memory aid interaction
may be due to the factors already referred to above in accounting
for the lack of improvement in performance with pen and paper,
In addition, i1t may be noted that Denny employed a reception

procedure whereas the present experimente and those of Laughlin
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have utilized ths sslection paradigm. The eselsction procedurs
was also used by Bourne st al, (1969) who reported a statistically
marginal Rule X Avallability interaction, p <.l8. These workers
cansidered four lavels of availability - none, all poaitive,

8ll negativa, and all instances - so that thelr interaction
effect may wall be dues to the typs of instances availabla,

It should also be noted that Denny'es results psrtained only

to affirmation, inclusive disjunction, and exclusive disjunction
for recognition-memory error, while the attenuation in the
differences between rules was demonstrated anly for the last

two of thess rules mentionsd. The generality af his finding
for other rules may therefore sleoc be in guestion, Furthar

work is necessary to account for Denny's findings,
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CHAPTER 5
HYPOTHESIS TESTING

Within concept attainment two major typea of processes
may be distinguishsd - component-centred procasses and concept-
centred praocesses (Eifermann, 1965b). In the previous chapter
most of the discussion was concernsd with componant-centred or
focussing epproaches. This was meinly because the condltions
of the tasks examined were such as to elicit in most cases this
type of strategy. Equally task conditions may bs manipulated
to give rise to predominantly concept-centred or scanning
strategies, Fur example, Bruner, Goodrow, and Austin (1956)
have suggested that scanning is more evident when the atimulus
array is randomly arranged. Also, in the previous chapter, it
was suggested that focussing is less common when no initial
positive instance is presented. Theae modificatlons ta the
procedure were employed in some of the experiments to be described
in this chapter in an attempt to learn more about concept-
centred bshaviour, For such behaviour two aspects may De
discerned:s (1) the sempling of hypotheass, and (2) the svaluation
of each hypothesls sampled,

A. Hypothesis Sampling

Present interest in the selection of hypotheses comes from
a modsl originally proposed by Restle (1962). In this model

it is assumed that each problem dafinas a population of hypotheses
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for the subject. The subject samples one of these hypotheses
at random and then makes his response by predicting on the
basis of this hypothesis whethsr a particular instance is positive
or negative, If his response is correct he continues to use the
hypothesis on the next trialy if his response is incorrect,
then he returns the hypothesis to the pool of hypotheses and
randomly resamples.

Levine (1969) has pointed out that Restle's model may be
divided into two parts: (1) an assertion about how hypotheses
arg sampled and that the hypothesis determines the choice response,
and (2) statements about the effects of fsedback upon retaining
and rejscting hypotheses. It 1s possible to subscribe to the
first, or, &8s Levine cells it, baslc part of Restle's thseory,
without necessarily subscribing to the second.part on ths effects
of feedback. A survey of experimental studiss which have
examined the varlous assumptions made by Restle indicates that
mast of them have concernad thumselves with the second part of
the theory, This is naot to say that some of the assumptions
in the first part cannot be challenged or are beyond guestion.

In the discussion to follow an attempt will be made to review
those studiss which have examined Restla's assumptions.

Examinatlion of assumptions in Restle's model

1, Random sampling

Studies 1n a number of areas of psychology have considsred
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the guestion of the "effective stimulus® and these suggest
that, in many experimental situations, the subject does not
respond to all components of the stimulus situatlon (Kintsch,
1970), Relating thies to the sampling of hypotheses, it would
seem likely that the set of hypotheses from which the subject
is sampling is actually a subset of the total number possible.
Moreover, it 1s likely that this subset is not merely a random
1ist of hypotheses, but rather a group of hypotheses having
certain characteristics in common; for example, they all may
involve the same stimulus dimension. which stimulus dimenslon
is involved may depend on the salience or attention value of
the different stimulus dimensions. Trabasso and Bower (1968)
have discussed the effects of weighting stimuli according to
their attention value on the likelihood of sampling differsnt
hypothessas. However, even when the attention values of the
various dimensions are the same, a subset of hypotheses is likely
to be used with certain features in common.

For the first trial of a problem, nonethsless, to the
experimenter the a prioril probability that any particular
hypothesis 1s sampled is the same as for any othaer hypothesis,
unless he has information on the size and nature of the subset
beforehand. However, when the probability of new hypotheses
being sampled on subsequent trials is considered, a better than

chance prediction should be able to be made on the hypothesis
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selected. According to Restle's model, hypothases are selected
from the pool at random, so that the cholce of an hypothesis on
a particular trial is lndependent of previous choices. The
concept of sampling proposed here, howsver, suggests that
hypothesis sampling is not random and that successive hypotheses
may well possess features in common.

Indeed, any suggestion of rendom selection must surely be,
gt best, an approximation ln view of considerable evidence that
subjects seldom produce a random sequence of events and that
consistent biases occur even when subjecte are instructed to
be random (Chapanis, 1953; Ture, 1964; UWeiss, 1964; Baddaley,
1966), Moreover, the sxtent to which a seriee of selsctions is
non-random has besn found to be a function of such variables as
the number of items from which selections are made, the speed
at which selections are mads, and the age of the parson making
the selectlions.

A pilot study by the present writer in which subjects
were set the task of identifying conjunctive concepte using a
selection procedure where they were requirad to state their
hypothesis after each trial, seems to support the suggestion
that sampling is not random. Inspection of subject protocols
indicated that, for some subjects at lsast, when & neu hypothesls
was proposed, it freguently had some charactaeristic in common

with the previous hypothesis testsd. Often thes naw hypathesis
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differed from the previous hypothesis by only one attribute
value, Thus, for one subject a proportion of 0.6 of all
successive hypothesis-palrs showed a diffsrence in only one
attribute value, The probabllity of this event occurring
if hypotheses are randomly selected from the total universe
of conjunctive hypotheses possible in this experiment is 0.3.
Insufficient subjects were used ta rellably demonstrate that
the selection of an hypothesis in this task was not independent
of previous hypotheses, but the results tentatively suggest
that Restle's random sampling assumption does not hold for
some subjects on conjunctive concept ldentification. Similar
suggestions have been made by Guy, Van Fleast, and Bourne (1966)
for single-cuse hypothesis sampling and Deffenbacher (1970) for
conjunctive hypothesis sampling. On the other hend, esvidence
supporting a random sampling assumption has been raecently
provided for conjunctive concept identification by Nahinsky
and Slaymaker (1969), and Nahinsky, Penrod, and Slaymaker (1970).

24 The hypothesis and the choice response

Levine (1966, 1969) has sxamined the assumption that the
hypothesis determines the choice response made on each trisl,
by means of a tschnigue developsd for inferring the particular
hypothesis held by the subject from his responses to a series
of consecutive trials ("hlank® trials) sn which no feedback 1s

given (Levine, 1963)., A description of the method of inference



FIGURE 3, gight patterns of choices corresponding to
gach of the eight hypotheses for a set of

four stimuli (from Levine, 1966).
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ussd is appropriate,

Consider 3 subject given the task of ldentifying the
relavant attribute value from a stimulus universe having four
attributes with two values per attribute, At the outsst of
a trlal the subject selects an hypothesis from a set of hypothsses
which is defined by the atimulus display, that 1s, a set of
elght hypotheses., If no feedback is given to the subject on
his cholce on this trial, then it is assumed that the hypothesis
is retained for the next trial, Evidence to support this
assumption has been provided by Levine, Leitenberg, and Richter
(1964) who showed that no feedback has the same effsct on
response probabilities as positlive feedback. For a stimulus
universe such as considered here, it is possible to present
four consecutive stimuli to which the choiece response patterns
yielded by each of the eight hypotheses is unlgue. An illustration
displaying the eight hypotheses for a set of stimuli like this
and used by Levine (1966) is shown in Figure 3. Now, if theae
four stimuli or enother set of four stimuli poesessing the
same preperty are nresented to the subject wlthout fesdback,
then the particular hypothesis being utilized by ths subject
may be inferred from the pattern of choice responses produced.
Thus, Levine's technique involves a sequence of trials in which

each feedback trial is separated by four blank trials,
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Using this technigue, Levine (1966) was able io infer the
hypothesis sampled on 92.4% of the four trial sets. From the
inferred hypathesis, the choice response on the next feedback
trial was predicted and Levine found that this prediction was
correct on 97.5% of the feedback trials following blank trials
where hypotheses could be inferred. It seems clear that on
the majority of occasions the subject!s behaviour according
to this method of inference was systematic, with the response
made on a particular trial depending on the hypothesis under
test. Nonetheless, it was not possible to determine the
hypothesis for 7.6% of the four trial sets, while the predicted
response was incorrect 2,5% of the time. This result may be
attributed sither to the subject changing his hypothesis
following & blank trial (which is a violatlon of the blank-
trials assumption) or to the subject "accidentally" making
the wrong choice response according to his hypathesis, Levine
has suggested that 1t was the latter and referred to this as an
"oops-errar®, The probability of an oops-error on any trial
for Levine's (1966) data was .02. A similar probability has
been pbtained by Levine (1959) using an eight-dimensional
problem, although it was apparent that the probability af an
oops-error decreased during a praoblem, It would appear then
that Restle's assumption that the hypothesis determines the

choice response is true for all except a very small proportion
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of trials for which a small correctlon term can be estimated.

The high degree of consistency in Levine's results is
important not only to Restlets theory but also to his own
method of inferring hypotheses since it is crucial to this
mathod that the hypothesis held by the subject should determine
his response. Where ocops-srrors do occur during blenk trisls,
tws consequences can happsn: either a response pattern will
be formed from which a different hypothesis is inferred from
the one currently held or a ressponse pattern will be formed
from which no hypothesis can be inferred. The probabilities
of each of these occurrences is once again small and able to
be estimated, Further svidence favouring the blank-trials
assumption and Levinet's technique for inferring hypotheses
has been provided by Frankel, Levine, and Kampf (1970). They
presented subjects with problems in sach of which was a series
of 30 consecutive blank trials. It was found that subjects
responded in a wanner consistent with only one stimulus value
on 25 or more blank trials for 80% of the problems.

3. Le:rning_ﬂurva

According to Restle, the subject may sample elther incorrect
hypotheses or the correct hypotheais. If an incorrect hypothesis
is sampled, then the probability that a corresct response is
made is 0,5 in a two-category task, If the correct hypothesis

is sampled, then no further error responses 0CCur. The theory
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thus implies an all-or-none process which glves rise to a
learning curve such that prior to the last error the probability
of a correct responss 1s stationary at 0.5, This impliecation
differs from the incremental assumptlon of earlisr conditionlng
theories of concept identification (Bourne and Restle, 1959),
which pradicted that the probability of a correct response
increases until the final error is made.

For response probabilities, svidence supporting the all-or-
none assumption has been found by Bower and Trabasso (1963, 196&4),
Erickson, Zajkowski, and Ehmann (1966), and Guy et al. (1966).
Levine, Miller and Stelnmeyer (1967), Levine, Yoder, Klsinberg,
and Rosenberg (1968), and Levine (1969) have also confirmed
the all-or-none nature of the learning curve, but unlike the
other studies their results indicated a probability of a correct
response which was significantly below 0.5 prior to solutlon.
Levine and his co-workers have argued that this impairment in
presolution performance is compatible with hypathesis-sampling
theory, and is attributable to the internally orthogonal stimulus
sequences employed (i.e. no stimulus dimension was correlated
with any other dimension for two or three trisls), Accarding
to Levine, earlier studies did not obtain a similar impairment
because they used randomized stimulus sequences in which irrelevant
dimensions were carrelated with the relevant dimension for runs

of varying length. Thus, the likelihood that a subject holding
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an incorrect hypothesls may produce correct responses for

several consecutive triales is increased for thess seguences

compared with the orthogonal stimulus sequences used by Levine,

A detslled explanation may be fouwnd in Levine et al., (1968).
Latency data casts a different light on the all-or-none

versus lncremental process controversy to the choice data,

An experiment by Erickson et al. (1966) showed that not only

do latencies declline during the presolution period, but also

during the criterion run following the last error when the

subject is suppoeed to be holding only the correct hypothesis.

A similar result has been cobtained by Falmagne (1970). It

appears therefora thet although choice responses show a sudden

change in strength, latencies show a gradual decrease as might

be expected for a centinuocus conditioning or incremental process.
Two attempts heve been made to account for this conflicting

evidence. Trabassg and Bower (18968) propose thet on each trial

the subject attends to a subset of the poseible hypothsses

(called the facus sample), instead of only one hypothesis,

The response probabilitiss depend only on the hypotheses in

the focus, and only these hypotheses are affescted by the cutgome

of the trial, An erronecus response initlates ressmpling of

a new focus of fixed size N, After a correct response, the

hypotheses which are incompatible wlth that response are eliminated

from the focus, without replacement, 1.8. information processing
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does take place after a correct response, The size af the
focus thus dacreases on the average during a sequence of correct
responses., On the assumption that latency is & function of the
number of hypotheses in the focus, Trabasso and Bower concluded
that latency would decrease over the first few trials of a
criterion run. It is apparent thast the modificatlon made to
the original theory regquires the subject to process considerably
more information on any trial, Discussion on the means by which
subjects may esvaluate hypotheses will be introduced later in this
chapter. Far the present, however, it can be suggested that,
while such information processing requirements may be feasible
for simple concepts and s small stimulus universe, doubts must
bs expressed about its uss on more complex problems, 8.0., when
subjects are required to solve several concept identiflcation
problems concurrently. It is not clear therefore how Trabasso
and Bower would account for Erickson and Zajkowski's (1967) finding
of a declina in latencies in the postcriterlion period for
concurrent concept identification,

Falmagne (1970) has proposed an alternative account in
which en incremental process is posited. In her model every
hypothesis is assumed to have associated with it a "strength"
or subjective plausibility which is modified by the feedback
provided on each trial. A similar objection may be ralsed

to Falmagne as to Trabasso and Bower, that the amount of
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information processing demanded by her assumption is not
feasible except for very simple problems, The dilemma facing
these two models is the consequence of their conception of the
process of evaluation of hypaotheses as a process of accepting
one hypothesis by rejecting others. An alternative method

of testing an hypothesis will be proposed later which resolves
this dilemma.

L, Effect of feedback

8. Positive feedback

The assumption that hypotheses are changed only after
grror responses has received attention in several studles, and
unequivocal evidence has been obtained that subjects sometimes
do change their hypotheses after correct responses, although estimates
of the probability that a subject will revise his hypothesis
after a correct response vary. The range of the estimates
appears to be a function of the type of procedure employed.

Dodd and Bourne (1969) have estimated the probability
value, Er' to be .03 in an experiment in which subjects!
respnnse; to satimuli varying on flve binary dimensions were
randomly reinforced, These authors also re-analysed data
collected by Trabasso and Bower (1966) using a procedurs involving
multiple shifts in the relevance of two stimulus dimensions
within a set of five binary stimulus dimsensions during the

course aof learning. The value of Er in this experiment was
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gatimated to be approximately .Z21. The difference obtained

betwesen the two estimates led Dodd and Bourne to suggest that
Er may not be constant across conescutlvely correct responses,
- Buppes and Schlag-Rey (1965) found that the proportiaon

of correct trials on which the hypothesis was changed was 0.20
using a string of three letters, sach letter being elther D or
K, ss stimuli, but when the stimuli consisted of strings of

i, 2, 3, 4, and 5 lettsrs, the proportion was much higher,
ranging between 0,48 and 0,67, Suppes and Schlag-Rey suggest
that the high values of Er obtained in their experiments may
be accounted for by the f;ct that subjects wers constantly
informed of all past reinforcements,

Levine has also found that subjects change thelir hypothesils
after a correct response, but the probability estimated in hils
studies is much lower, of the order of .05 (Levine, 1966) for
a four-dimensional problem or .06 (Levine, 1969) for an sight-
dimensional problem. Dodd and Bourne (1969) have suggested
that the low value of Er may be due to the high degree to which
the problem and the res;Enaes of the subject were structured
by pretraining. If so, this has a hearing not only on Restle's
assumption about the effects of positive feedback, but also
Levine's blank-trials assumption in which no feedback ig supposed
to have the same effect as positive feedback, an assumption which

forms the basis af his technigus for inferring hypotheses. It
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should be noted that it is sometimes possible on Levine's
procedure to infer an hypothesis from & sequence of respaonses
on blank trials, even though the subject is responding randomly.

Obviously further work is needed to show systematically
how ET is affected by variation in the task procedure used.
At aﬁ; rate, it ssems that Restle's assumption that an hypothesis
is not changed after a correct response has been made ie not
strictly correct. UWhere Er is only very small, changes in
the hypothesis may be accndgtad for in a similar fashion to
Levine's notion of oops-errore., For larger values of ET,
howsver, it seems that perhaps the subject may be simulf;nanusly
sampling a subset of hypotheses soms of which are equivalent and

interchangeable following a correct response.

b. Negative feedback

A few studies have alsp examined the analogous probabllity
that the hypothesis will remain unchanged when an error response
has besn made. Using the mathod of inferring the subject's
hypothesis through his responsss to a ssries of blank trisls,
Levine (1966) has obtained an overall probability that the
hypothesis is unchanged after an incorrect response of .02
for a four-dimensional problem. The fact that the hypothesis
is unchenged after an error need not cause any embarrassment to
Restle's thsory since he postulates that the old hypothesis is

returned to the pool of hypotheses befors resampling takes placs.
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Thus, the probability that the response should be unchanged

in this case according to Restle is .125. It can be seen

that the mean probability obtained by Levine (1966) is less

than that theoretically expectsd, suggesting that Restle's
replacement assumption 1s net correct. Levine further demonstrated
that if negative feedback is administered after both the firat

and second responses, the third hypothesis tends to be different

not only from the sscond hypothesis, but also the first hypothesis
as well.

Levine (1969) replicated this result using an eight-dimensional
problem, In this experiment for a replacement assumption the
theoretical probabllity that an hypothesis will be selected again
after an error is .0625, but the probability obtained by Laevine
was .01 on the firat trial, and sven after five intervening
feedback trials and 20 blank triala the probabllity was belouw
.03, 1t would appear then that Restle's assumption concerning
the effect of an error 1s incorrect, that replacement doss not
ococur before resampling,

Bis Retention of information

In addition to the work of Levins reported above, several
other studies have also raised guestions about the validity of
the sampling-with-replacsment assumption. Levine (1962) and
Holstein and Premack (1965) showed that a block of random
reinforcement triasls followed by consistent reinforcement

produced a decrement in the solution of problems involving

two~-dimensional and six-dimensional stimuli. Trabasso and
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Bower (1966) found that shifts in the relevance of two dimensions
prior to solution retarded learning. These findings suggest
that subjects do retain something of their past reinforcement
history which is contrary to the idea that there is no memary
of past information implied by sampling-with-replacement.
Trabasso and Bower (1964b) and Bourne and 0'Banion (1969) have
also demonstrated some retention of information, allbeit small,
during concept identification, Recall of stimuli and the
associsted feedback was best for the first instance (primacy
effect) and the last instance (recency effect) pressnted.
AR review of other studies which have indicated an important
role of memory in concept identificatlon may be found in
Dominowski (1965). Erickson and Zajkowski (1967) compared
subjects' performance when three concepts were identiflied
concurrently with perfarmance when these same concepts were
learned successively, From their results, Erickson and
Zajkowski concluded that the concurrent procedure led to
interference in the short-term storage of hypothesss tried
but disconfirmed, such that data obtained using thls procedurs
conformed more closely with the predictions of a sampling-with-
replacement assumption.

If the sampling-with-replacement assumption is to be
revised so as to taks into account the retention of information,

there are at least two ways to procesd. One approach is to
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suppose that the subject remembers some previous instances
encountered, An alternative approach 18 to suppose that he
remembers soms hypotheses that he has tested and disconfirmed.

Using the former spproach, it may be assumed that the
subject samples only those hypotheses which ars consistant
with the last instance encountersd. This has been referred
toc as a local-consistency assumption (Gregg and Simon, 1967).
Equally, it may be postulated that the hypothesis sampled is
consistent with the last two instance presented - referred to
by Ericksen (1968) as local consistency plus memory for one
stimulus back, It can be readily seen that these assumptlions
concerning memory for past stimuli may in fact be extended
until the new hypothesis selected is consistent with all the
instances which have been presented to him (global consistency).

Using the latter approach, it may be assumed that the
subject samples from all hypotheses except the one hald on the
last trial, This hae been referred to as a local-nonreplacement
assumption (Gregg and Simon, 1967). In the same way as was
shoun with the local-consistency assumption and memory for past
stimuli, the local-nonreplacement assumption can be extended
to allow for more than one hypothssls, Thus a two-hypothesis
memory assumptlon would postulate that the new hypothesis
sampled is drawn from the pool of all hypotheses except ths

last two hypotheses tested.
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AR combination of the two approaches is alsp possibls.
From these assumptions, guantitative pradictions may be derived
for the prabability of a true hypothesis over a series of
trials and thess predictions can be compared with empirical
evidence to see which of the assumptions provides the best
fit. For stimuli having four binary dimensions, Erickson
(1968) abserved thatlncal-consistency madels fit the data
falrly well, with the best fit by the local-consistency-with-
two-hypothesis-memory assumption.

Levine (1967) has suggested a technigua for estimating
the size of the hypaothesis pool for any given trial. Essentially
this estimate is derived from the reciprocsl of the proportion
of subjects starting the criterion run at that trial. Using
this technigue on data collscted by Levine et al. (1967) far
a four-dimensional problem, the size of the hypothesls agt was
found to decrease for the first three trials to about three
hypothesas, thereafter oscillating around three on succeeding
trials, This result can be compared with the predictions
made by the various memory assumptions., Once again, & local-
consistency-wi th-two-hypothesis-memory assumption seems to fit
the data fairly well. On this assumption, the number of
hypotheses in the set would be 8 end 4 on the first two trials,
and either & or 3 on the succeeding trials. Also providing

a reasonable fit is a local-consistency-wlth-memory~for-one-
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stimulus-back assumption, On this assumption, the number
of hypotheses in the set would be 8 and & on the first two
trials, with a mean of 2.25 on the succeeding trials.

Levine (1969) has estimated the size aof the hypothasis
set for an eight-dimensional problem. Hs found that the
number of hypotheses decreased for the first thres trials to
slightly more than flve hypotheses. On later trials the
number of hypotheses appearsd to resch an asymptote at about
this lsvel and then to increase slightly. This last observation
can also be seen in Levine's (1967) estimate although to a
lesser extent. Comparisons with the various memory assumptions
this time reveals that the best fit 1is provided by a local=-
consistency-with-memory-for-one-stimulus-back assumption.
For this assumption the number of hypotheses in the set is
16 and 8 on the first two trials with a wmean of 5.1 hvpotheses
on succeeding trials,

Closer examination of the subject!s hypotheses, however,
indicates that the proportion of hypotheses consistent with
the information from the immediately preceding feedback trial
is never esqgual to 1.0, and indeed decreases aover trials,
suggesting an intraproblem proactive interference effect.
If the proportion of hypotheses coneistent with each of the
preceding feedback triamls is plotted for esch triasl, 1t is

evident that the subject's hypothesie is never perfectly consistent
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with any triel, but greatest consistency is apparent for the
first trial in ths series (i.s., primacy effect) and the trial
immediately prior to the hypothesis (i.e., recency effect).

This result is reminiscent of the finding of Trabasso and Bower
(1964b) and Bourne and 0'Banion (1563) of primacy and recency
effects in the immediate recall of the stimuli and their

associated feedhack in concept identification. it therefors
appsars that a more likely memory assumption is local consistency
with memory for the first atimulus presented, although it should

be emphasized that even this assumption 1s at best an approximation
only since perfect consistency is not found with any trial,

Extension to multidimensional concepts

Thus far, discussion of the assumptions underlying hypothesis-
sampling models has concentrated meinly on the identification of
single-attibute concepts, Some attempts have bsen made recently
to extend findings from these studles to concepts having more
than one relevant attrlbute.

An early study by Trabasso and Bower (1964a) provided
evidence to support an assumption origlnally made by Bourns
and Restle (1959) that in a bidimensional problem the subject
analyses the two relevaent dimensions as two independent
unidimensionsl subproblems and that these two subproblems are
worked on concurrsntly. Trabasso and Bower found that, in a
four-category concept identification task with two independent

relevant dimensions, the performance of subjects could be
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predicted from the. performance of other subjects who were
presented with only the unidimensional subprablems.

An unpublished study by Miller (1970) attempted to apply
thie model of hypothesis-sampling to disjunctive concept identi-
fication. In her experiment she preesnted post-shift problems
involving both (intradimensional shift), one (half-shift), or
neither (interdimensional shift) of two dimensions relevant
in a pre-shift problem. From Trabasso and Bower's model it
was predicted that the order of increasing difficulty of post-
@hift problems would be intradimensiagnal shift, half-shift,
and interdimensional shift. The results indicated that the
intradimensicnal shift problems wers less difficult than both
the half shift and the interdimenslonal shift problems, but
no difference was obtained between the last two types of shifts.
This supggested that, instead of treating the bldimensional
problem as two separate single-dimension subproblems, subjects
must be using some method of sampling pairs of dimensions
concurrently. Hence, when aone membar of a pair is found
to be irrelevant, both members of the pair are discarded.
Whether pairs of dimensions are sampled randamly is 2 guestion
which has been raised earlier.

Nahinsky (1968) lnvestigated the identification of
conjunctive concepts having two relevant attributes by asking

subjects to guess the concept after a fixed number of trials.
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He found that a significantly higher proportion of subjects
attained the concept without errars than would be expected if
no information processing was assumed followlng a correct
response, Furthermore, the data were not compatible with
elther sampling-with-replacement or local-consistency-with-
memory-for-one-stimulus-back assumptions., These findings
were corroborated in a later study by Nehinsky and Slaymaker
(1969) in which blank trials were used to infer the subject's
hypotheses, In this expariment each subject was presented
with an initial positive instance followed by & random series
of stimuli. Each positive instance was followed by a series
of blank trials, The results suggseted that subjects sample
randomly and independently some subset of possible hypotheses
compatible with information provided by the first stimulus
and then reduce the number of hypotheses in this subset on
the basis of information provided by succeeding stimuli, A
model based on these rssults has been reported by Nehinsky (1970).

Deffenbacher (1970) mssessed the fit of models incorporating

four of the memory assumptions discussed earlier - zero msmory,
local nonreplacemsnt, local consistency, and global consistsncy
- to conjunctive concept identification data obtalned for four
levels of stimulus complexity. In examining each of these
assumptions, it was further assumed that subjects were able

to recall the initial instance. Analysis of the results,
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however, indicated that none of the assumptions satisfactorlly
fitted the data for all four levels of stimulus complexity,
although the best approximation was provided by the local-
conaistency (strictly, local-consistency with memory for the
first stimulus presented) assumption., Tuwo reasons wsre advanced
by Deffenbacher as possible explanations why a good fit was not
obtainady (1) the subjects may not have retsined information
from the initial exemplar DVEf trials, and (2) hypotheses may
not have been selected wlth egqusl probability.

Comment

It ia apparent from this review of hypothasis sampling
that Restle's original assumptions have been tested and in a
number of instances found to require soms modifipation. Whers
possible in ths discussion particular modifications have been
considersd. Howsver, an integrated account is yet to emerge.
One of the difficulties seems to be the paucity of information
relating procedural constrainte and task conditions to the
sampling process. Until more is known of their effaect, exceptions
to any sampling model are likely to be found.

Bi= Hypothesis Evaluation

It has bean typically assumed in the foregoing discussion
that hypotheses are evaluated according to an elimination process
in which ths concept (i.8., the true hypothesis) is established

by the rejection of all alternative hypotheses ilnconsistent with
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the stimuli presented, This may be termed an information-
processing approach, Theee is an alternative approach to
hypothesis evaluation which should alsa be considered., This
proposes that evaluation of the truth of an hypothesis proceeds
by a statisticasl declsion-making process, Regrettably few
studies have compared these approaches or examined the assumptions
underlying them, In the succeeding pages an argument will be
developed to suggest that, except in a few spscial cases, subjects
tend to utilize the latter rather than ths former approach. If
this is so, then certain implications for some of the phenomena
reported during the previous discussion on sampling follow,

For example, the observation that latencies decrease during the
criterion run of correct responses may be attributed to increasing
confidence in the decision aon the truth of thes hypothesis, There

is conssguently no nesed to assume here that subjects are simultaneously
monitoring several hypotheses as propased by Trabasso and Bowsr

(1968),

An_lnformation-processing approach

Essentially this approach proposes that the subject arrives
at the trus hypothesis by eliminating by some means all other
passible hypothseses, This assumes therefore that s concept.
centred subject possesses information about (1) the population
of hypotheses from which the concept is drawn, and (2) the truth

value of each hypothesis in the population on any trial. It
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is plausible in most concept ldentiflication sxperiments to
assume that the number of hypotheses is defined by the
instructions and stimull presented, but a number of reasons
can be glven to suggest that the sscond assumption 1as untenabls.

In the first place, Brunmer et al, (1956) reported that
no subject employed a simultaneous scanning strategy, i.e.,
examined all hypotheses simultaneously, but rather dealt
successively with single hypothesss for conjunctive concept
attainment from & four-attribute, thres-value stimulus display.
Secondly, theaoretical modsls of hypothesis sampling (ses
earlier) have postulated that subjects are able to recall
up to only two previous hypothases during concept identification
for unidimensional concepts. It would be interesting to know
the maximum number of hypothesss a subject can recall, assuming
hypotheses are sampled independently of each other (Nahinsky
et al., 1970). This eatimate was made in an experiment in
which immediate rescall of a list of ten random bidimensional
hypotheses based on one of four conceptual rulss was testsed
far a stimulus population with four three-value attributeas.
The eetimate will be, of course, an upper limit since there
is no testing of the hypotheses required, nor do subjects have

to recall the truth valus of each hypothesis,



184,

Experiment VI: Immediate recall of random lists of bidimensional

hypothesas,

l, Method, - The subjects were 36 undergraduates randomly

drawn from the first-ysar psychology subject pool at the
University of Adelaids, These subjects were assigned to one
of four groups so that there were 9 subjects in each group.
Each group was presented with hypotheses involving a different
conceptual rule, The four rules were conjunction, inclusive
disjunction, conditional, and biconditional.

In front of the subject was a stimulus display consisting
of geometricel designs printed on 7 x 10 em, white cards,
Designs varied according to four attributes, with each attributas
having three values, making 81 different patterns, The
attributes and their values were colour (red, gresn, and black),
shape (cross, circle, and square), number of figures (1, 2, and
3), and number of borders (0, 1, and 2), The 81 cards wers
syatematically arranged in a 9 x 9 array.

The instructions explalned to the subject that he would
be pressnted wlith a number of hypotheses which would consist
of combinations of pairs of attribute values from the stimulus
population befare him, Each pair of attribute values involved
the same form of combination. For conjunction, hypothesss
were of the form, "green and square", for inclusive disjunction,

"glther green or sguare or both%, for conditional, "if green
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then square,” and for biconditional, "green if and only if
sgquars®, The meaning of the relsvant conceptual rule was
demonstrated for the example provided ueing the stimulus display.
No indication was pravided on how many hypotheses were to be
presented, The subjects wesre told that they should try to
remember as many of the hypotheses as they could, and that
opportunity would be given them to write down those they could
remember when all hypotheses had been read out. Ten hypotheses
ware read aloud at intervals of 5 seconds, Each of the ten
hypotheses was randomly selectsd from the 54 palrs of attribute-
value combinations of two attributes, Subjects MEre not
required to recall the order in which the hypotheses wers
pressented, only the hypotheses themselves,

2e Results and Discussion., - The results are summarized in

Table 17 in terms of the mean and standard devistion of the

number of hypotheses correctly rscalled,

Conceptual Rule Mean S.D.
Conjunction 2.2 0.6
Inclusive disjunction 2.1 1.5
Conditional 2.2 0.9
Biconditional 3.0 0.9

TABLE 17. Number of hypotheses recalled for each rule,
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An analysis of varlance was performed on this data, but
no significant difference was obtained between rules. The
mean number of hypotheses recalled over all rules was 2.4,

A curve showing the probability that an hypothesis was correctly
recalled plotted against the position of the hypothesis in the
list may be seen in Figure 4, Examination of this curve
suggests a marked recency effect in recall, but no primacy
effect was obtained.

Errors made by subjects suggest that for bidimensional
hypotheses, a high degree af confusability exists betueen
hypotheses, This can be seen in that each attribute value
is associated with another attribute value on 9 occasions
within a complete list of 54 hypotheses, Moreover, thers
are 9 hypotheses involving combinations of values taken from
the same pair of attributes, The effect of this was shoun
by the number of times in which one of the two components was
incorrectly recalled. 0Often the error consisted of slimply
choosing the wrong value within the right dimension. Some
subjects reported trying to connect each hypothesis with a
card from the stimulus display which contasined both relsvant
attribute values. This methoad apparently did not improve
recall, houwever. The reason for no improvement is praobably
due to the fact that recall of cards is not very much better

than that for hypotheses, and anyway, should the card be



FIGURE 4. Probability that an hypothesis 1s correctly
recalled plotted against the position of the

hypothesis in the presentation list.
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recalled correctly, it still has to be decided which of
8ix possible hypotheses was the basis for choosing the card.

It is avident that for this stimulus population, recall
of a random list of ten hypotheses was only slightly more than
two, a finding which must be regarded as the upper limit of
recall for the reasons stated earlier. This result, when
considered along with the other evidence cited, strongly suggests
that a logical slimination method is not used by concept-centred
subjects in evaluating @ hypothesis. If subjects are not
ahle simultaneously to test all hypotheses, and if they are
not able to recall all previous hypotheses tested, then it
is difficult to see in what way they can loglcally sliminate
all hypotheses except the true hypothesis and consequently
establish that this remaining hypothesis 1s true. If subjects
were using an elimination strategy, then one would expsct them
to be able to describe, with more precision than has been
commonly found, the approach they used.

Moreover, the finding that only two hypotheses were correctly
recalled in this task also casts doubt on the subset«sampling
assumption which states that the subject samples and evaluates
savergl hypotheses at the same time (Levine, 1970). Clearly
in this task the size of the subset must be only one or two,

with one being more likely since subjects here were required
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only to recall hypotheses, not to evaluate them. 1t should
be admitted, however, that the present task is somewhat more
difficult than has generally been considered, involving as
it does a larger population of hypotheses with a high degree
of confusability between them. Perhaps for simple problems
subset sampling is still a possibility. However, other
evidence supposedly favouring subset sampling, for example,
the decrease in latencies during the criterlion run of responding
can also be accounted for without this assumption. It would
seem therefore that most of the data can be adequately explained
by assuming that the subject handles only one hypothesis on
each trial. The strongest evidence against the single-hypothesis
assumption would seem to be the finding of a high probability
that the hypothesis is changed following a correct response.
More work is needed to determine the conditions under which
this observation occurs,

Considerations such as the above do not apply to the

subject who slects to utilize an attribute-testing strategy,
for example, conservative focussing,. For this strategy the
subject effectively eliminates all other hypotheses by
examining the relevance of lndividual attribute values in a
focus card. The capacity of the subject to retain informstion
about the concept is not excesdad with this strategy. Indeed,
Byers, Davidson, and Rohwer (1968) have shown that the memory

load for subjects given instructions on conservative focussing
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is less than for other subjects not given these instructions.
Attribute-~testing br focuseing strategles may be used on all
conceptual rules (see previous chapter), but thelr use ssems
confined mostly to special task conditions, e.g. a systematically
arranged array of instances from which one lnstanca is givan
for a focus,

A statistlcal decision approach

Since it is svident that many subjects do use an hypothesis-
tssting or concept-centrasd stratesgy, and since it is also evident
that this strategy cannat be one in which all alternatlva
hypotheses are sliminated, then clearly some other approach
is necessary for them to solve the problem, It is suggested
that this other approach may be termed a statistical declision-
making procesa.

Essentially the subject given an hypothassis to test is
viewsd as having to make a decision between two alternatives;

(1) the hypothesis is trus, or (2) the hypothesis is falsa.

Any instance which confirme the hypothesis may be regarded

as influencing this decision in favour of the former alternative.
Any instance which disconfirma the hypothesis may be regarded

as influencing the decision in the direction of the latter
alternativs. In fact the criterial number of disconfirming
instances for choosing the altesrnative, the hypothesis is

falee, is one., The criterial number of canfirming instances
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for chooeing the alternative, the hypothesis is true, will
vary with the consequences of making this decision.

A model af this sort 1s not subject to the demanda on
memory required by a process of logical elimination. Apart
from assumptions made concerning the role of memory by
hypothesis-sampling models, the only requirement is that the
subject remember how many confirming instances of the hypothesis
under test have been found., Furtharmore, 1t does not suppose
that the subject knows the number and type of hypotheses fram
which the concept has been chosen, This assumption raises
the possibility that some hypotheses may not be eliminated
during the process of evaluatian, Evidence illustrating this
poseible eventuality has been provided by Wason (1960, 1368a).
The degrea of risk involved in deciding that a particular
hypothesis is true depends on the number of confirming instances
obtained for the hypaothesis. The finding that subjects may,
on occasions, change their hypothesis after conflrming feedback
(ese earlier) does present some difficulty to this model of
hypothesis-evaluation, unless 1t may be supposed that these
ocecurrences are dues to oops-errars.

The success with which an hypothasis is evaluated clearly
depends nat only on the number of instances selected, but also
on the type of instancss which are chosen, Bruner et al,

(1956) have suggested that subjects prefer a direct test of
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an hypothesis, The example they give to illustrate the
difference betwesn a dirsct and an indirsct test of an
hypothesis is to consider a subject faced with deciding whether
a8 white door or a black door i1s the correct entrance to a
reward chamber, If ths subject adopts the hypothesis that
the white door ls correct, then a direct test of this hypothesis
is to try the white door; an indirsect test is to try the black
door. Bruner et al. suggest that subjects are elther unwlilling
or unable to employ an indirect method of testing the hypothesis,
In effect, this means that subjects prefer to sslect instances
which would be positive if thelr hypothesis was true.

In Bruner st al's investigation the apparent preference
for direct testing of hypotheses may be related ta the fact
that for conjunctive concepts a direct test or positive instance
transmits more information about the concept than an indirect
test or nagative instance, Thus it may be that subjects do
employ a partial information-processing strategy by choosing
instances which convey the maximum amount of information about
the truth of thelr hypotheslisy if the hypothesis should be
false, on the other hand, little information is likely to be
gained about the true hypothesls through a direct test,
Evidence from matchling problems (Donaldspn, 1959) and compound
code-item tasks (Campbell, 1965) in which the optimal solution

involved the use of negative or indirect information, suggsests,
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houwever, that subjects prefer the direct test method even when
this conveys only a small amount of information towards the
solution,

An experiment was performed to investigate some of the
characteristice of hypothesis svaluation discussed above.
Hypotheses involving eight rulss were presented to subjects
to test. According to a statistical-decision model the number
of instances chosen to evaluate an hypothesls is independent
of the rule, being a function only of the criterlon adopted
for accepting the hypothesis, Thus no difference was expected
betwesn rules on this response measure. This 1s contrary to
the prediction of an information-processing model. A simultaneous
scanning strategy for a stimulus population with four three-value
attributes requires 2 choices for conjunction and disjunctive
absence, 3 for inclusive disjunction and conjunctive absence,
and conditional and exclusion, and & for biconditional and
exclusive disjunction in order to determine the truth or falsity
of a glven hypothesie, assuming that the true hypothesis involves
the same rule as the given hypothesis. Secondly, it was also
desired to investigate the type of instances chosen to evaluate
hypothases for each rule. From Bruner st al. 1t may be expected
dirsct test instances are preferred for all rules. If, houwevsr,
the informativensss of instances is also taken into account by
subjects, then on saome rules, e.g., conditional and disjunctive

absence, indirect test instances may be preferred.
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Experiment VII: An investigation of the number and type of

instances selected to test an hypothesis.

l. Method

a, _Design and Subjects. - The subjects were 24 undergraduates

randomly selected from the first year psychology subject paonl
at the University of Adelaide, with the provislon that there be
egual numbers of sach sax.

A randomized single factorial design was employed in which
the 24 subjects were presented with eight hypotheses, one at a
time, each hypothesis involving a different rule for combining
two attribute values (conjunction, inclusive disjunction,
conditional, biconditional, disjunctive absence, conjunctive
absence, exclusion, and exclusive disjunction). The order
of the rules was balanced aver all subjects. The pair of
attribute values present in each hypathesis were different,
being randomly drawn from the 54 possible pairs of attribute-
value combinations of two attributes,

be Stimuli., - The stimuli consisted of gsametrical designs

printed on 7 x 10 cm, white cards. Designs varied according
ta four attrlbutes with each attribute having thrse values,
making 81 different patterns. The attributes and thelr values
were colour (red, green, and black), shape (cross, circle, and
square), number of figuree (1, 2, and 3), and number of borders

(0, 1, and 2), The 8l cards were arrangsd on a table before
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the subject in a systematic 9 x 9 array.

Ce Procedure, - The detalls of the task were explained in

the instructions which were presented on a typed shest. The
nature of the stimulus display was described and a definition
given of an "hypothesis®" as a rule specifying the pressnce or
absence of two of the attributes of the cards in the display.
Three examples of hypotheses were provided, viz., red and
square, one border or not croes, not two figures or not black.
1t was pointed out that hypotheses such as these described
differsnt sets aof cards.

Elght problems were presented, and at the start of each
problem the subject was given an hypothasis, He was told that
on each problem there was one and one only hypothesis which
could describe and include the set of cards which had been
adopted by the experimenter as the correct set. The subject's
task was to choose those cards which would enable him to declde
whether the hypothesis he was given wae the one which defined
the correct set, There was no limit ta the time the subject
could spend on each problem, nor wes thers a limit to the number
of cards he could chooss, but he was instructed to endeavour to
point only to those he caonsidersd necessary to test the hypothesis
he was glven. The subject was told that the purpocee of the
experiment was not merely to see whether he obtained the right

answer, but more importantly to see how he wsnt about finding
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Thus, when he considered he had chosen enough

cards to test the hypotheslis, he should indicate accordingly,

and that would end the praoblem.

the truth or falsity of the hypothesis, and therefore no

feedback was provided for the cards selected.

Hypothesas were presentad to the subject typed on
7.5 x 13 em, file cards,

"hlack and cross";

gr circle or

both"; for conditional, "green or not no border";

The hypotheses were:

No declsion was regquired about

for inclusive disjunction, "three figures

for biconditional, "one figure and tws borders, or, not one

figure and not two borders";

red or not one border®;

and not two

and for esxclusive disjunction, "either no border or circle but

figures";

for disjunctive abeence, "not

for conjunctive absence, "not square

not no border and circle.”

2o Results

for exclusion, "green and not sguars";

The results are summarized in Table 18 in terms of the

mean and standard deviation aof the number of card choices

required in order toc test the hypothesis provided for each rule.

for conjunction,

Basic Rule Mean | S.D.|Complementary Rule Mean | S.D.
Conjunction 5.6 3.8 |Disjunctive ahbsencs 9.8 | 9.1
Incl.disjunction | 8.6 | 6.2 |Conjunctive absence 6.9 | 4.5
Conditional 7.2 | 5.0 |Exclusion 7.4 | 4.9
Biconditianal B.4 | 5.9 |Exclusive disjunction 7.6 | 6,7
TABLE 18. Number of instances required to test hypothesis,
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An analysis of varlance was used to analyse this date,

but no significant effect was obtained for rules -~ ses Table 19,

Source S.S. D.F.| M.S. F
Between subjects 3536.00 23
Within subjects 3527.25 168
Rules 261.42 7 37.35 | 1.8k
Residual 3265,.,83 161 20,28
Total 7063.25 191

TABLE 19, Analysis of varliance on number of card cholces

Thus, the mean number of instances selected for all rules was
7.7 uwith a standard error of the mean of 0.4.

The nature of the instances selected was examlned and a
summary may be found in Table 20 in terms of the mean percentage
of direct test instances selected for each rule. Thase
percentages were compared with the percentage of direct test
instancss present in the stimulus population. A sign test
showsd that more direct test instances were selected than were
present in the stimulus population for conjunction (p<.01),
inclusive disjunction (p <.05), biconditional (p<.05),

exclusion (p< .01), and exclusiva disjunction (p<.05).



No differences were obtained for disjunctlve absence,

conjunctive absence, and conditlonal.

197.

Direct | Direct Dirsct Direct
BEglo, (S test test [Fomplementary| test test
selected | present Ruls selected | present
Conjunction 4L8.8 11.1 | Disjunctive 75.2 88.9
abssnce
Inclusive Conjunctive
disjunction 72.1 55,6 abssnce 46,6 L. b
Conditional 67.6 77.8 | Exclusion 50.9 22.2
Biconditional 70.9 55.6 | Exclusive
disjunction | 62.5 bbb
TABLE 20. Parcentage of direct test instances selected and

present in the stimulus population.

Instances selected were further classified according to the

percentage of instances selected contalning both (TT), one

(TF and FT), or neither of the attribute values specified in

the hypothesis for sach rule,
in Tabls Z21.

A summary of this data is given

These percentages were compared with the percentages

of sach class of instance occurring in the stimulus population.

For all rules there were 11.1% TT instances, 22,2% TF instances,

22.2% FT instances and 44.4% FF instances.

A sign test showed:

a higher percentage of TT (p<.0l) and a lower proportion of

FF (p<.001) instances were selected for conjunction; a
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higher percantags of TF {p< .05) and a lowsr parcentage of
FF (p<.05) inetances for inclusive disjunction; for biconditionsl,
the proportion of TT (p<.05) instances salected was higher while
a lousr percentage was found for TF (g <.05), FT (p<.001), and
FF (p<.05) instancee; for conjunctive absencs, a lowsr psrcentage
of TF (p<.05) and FT (p <.0l) inatances uwere aslscted; mors
TF (p<.01), and less FT (p<.0l) and FF (p <.001) inatences
on exclusion; and more TV (p<.05) and FT (p< .05) and lese
FF (p< .001) instances on exslusive disjunction, No signifiocent
diffesrences were found between tha percentage of sach type of
inastanoe eelected snd present in the stimulus population for
disjunctive abssnce and for conditional.

e

osple~-
Basic Rule T} TF | FT | FF ntary Rule TV} TF| FY| FF

Conjunction 48,8 | 25,7|17.0] 8.5 Pisjunctive
abaence 26.7117.3120.3|37.6

Incl. Fonjunctive
Disjunction |15.3 | 0.6]26.2|27.8 | absence 27.9113.2112,2 ju6e5

Conditional 13,5 |17.7 32,4 |3G.3 Exclusion 21.3150.9110.7 |17.1

Siomnditional |36.1 | 16.,3]112.8134.8 Exclusive
dlBjuﬂctlnn 2505 33.1 29.“‘ 11;9

TABLE 21. Percentags of T, TF, FT, end FF instancas selected,

Instances may also be classifisd as bsing logically informetive
or redundant sccording to wvhether or not they eliminate any
altsrnative hypothassas. Alternative hypothesss in thie snalysils
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refers to those having two attribute values combined by the
same rule which is present in the given hypothesls. It should
be noted that subjects were not told to assume that the rule
was correct, However, subject's comments following the task
suggested that the majority did not consider testing the rule,
only the relevance of the attributes. A summary of this
analysis may be found in Table 22 in terms of the mean number

of informative and redundant instances chosen for each rule.

. Inform~ |Redun- Inform- | Redun-
Bazic Rule ative | dant Complementary ative dant
Rule
Canjunction 2.7 2.9 Disjunctive
absance 5.8 4,0
Incl, Conjunctive
disjunctian Sl 3.5 absence 4,2 2.7
Conditional L8 2L Exclusion k.2 3.2
Biconditipnal L8 3.7 Exclusive
disjunction L,3 3e3

TABLE 22. Mean number of informative and redundant cholces.,

An analysis of variance was performsd on the number of
informative cholices and on the number of redundant choices
made. No difference was found bstween rules for redundant
cholces, but a significant effect was obtainsd for rules for
the number of informative instances sslected, F (7,161) = 5.41,

B .00l. Neuman-Keuls post hoc comparlsons showed that this
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effect was dus to fewer informative cholces being made for
conjunction than for other rules.

The likelihood that a subject might bes corrsct in hils
evaluation of the hypothesis provided can be estimated by
assuming that all instances chosen confirmed the hypothesis
and then determining ths number of altarnative hypotheses
which could also account for the sequence of instances chosen.
According to the statistical declision process modsl, under these
circumstances the subjsct would conclude that the givem hypothesis
is true. Thus the greatsr the number of alternative hypotheses
which could also have produced the sequence, the more llkely
1s it that the subject would have been wrong in his conclusion.
Table 23 shows the freguency distribution for the number of
possible hypotheses remaining at the end of the evaluatlon
process. Clearly more than half the subjects did not completely
gliminate all alternative hypotheses. A chi-square test
indicated however that there was no diffsrence in the frequency

distributions for the different rules,

Basic Rule H=l | 2<HSS | Hy5|Complementary | H=l | 2€HS5 H75-
Ruls
ConJunction 16 | 5 5 |Disjunctive 7 " 10
absence
Inclusive Conjunctive
disjunctlon 11} 5 8 | absence 10 7 7
Conditional 715 12 |Exclusion 12 by 8
Biconditional 11 6 7 |Exclueive
disjunction 8 11 5

TABLE 23. Number of subjects and the number of hypotheses not
eliminated.
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3. Discussion

The results indicate that there is no differsnce in the
number of instances chosen to eveluate an hypothesis for different
rules, This finding confirms the prediction made by &
statistical-decision process model in which it is assumed that
the number of instances required is independent of the type
of hypothesis, It is not consistent, however, with an informastion-
processing model for which some difference was expected between
rules, In this regard a difference may be noted between the
presant result and the resulte in earlier expsriments where
focussing strategles were Iinferred to be utilized.

An analysis of the type of instances selected confirms
Bruner et al's suggestion that subjects tend to make direct
teste of hypotheses and extends thls suggestion to nonconjunctive
rules, There was no evidence that subjects preferred an
indirect method even on rules like disjunctive absence and
conditional where such instances were likely to yield
gsubstantially more information on the truth of the hypothesis.

Further analysis shows that & preference for dirsct tests
and an avoidance of indirect tests is not general for all classes
of direct and indirect instances. Indeed there is svident for
some rules s tendency not to select some classes of direct test
inestances and alsoc a tendency to select sume classes of indirect

tast instances, For example, for the biconditional the proportion
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of instances with neither of the attribute valuss in the
hypothesis was less than that occurring in the sitimulus population;
for exclusive disjunction, a higher proportion of instances with
both attribute values in the hypothssis were selscted than were
present in the stimulus population. For the latter rule, 1t
might perhaps be argued that inatances possessing both of the
two attribute valuss specified in the hypothesls ars in fact
direct test instances since the wording of the rule doss say,
".eo but not both?, A similar explanation cannaot Da glven,
howsver, for the biconditional,

For thaoss rules on which a direct test is a loglically more
informative method for svaluating the hypothesis, it may be
expected that subjects were mors successful in sliminating
all other hypotheses than for thoss rules on which an indirsct
approach is the logically more informative. The results showed,
howsver, that thers was no differsnce bstween rules for the
number of subjects who eliminated all but one hypothesis with
their choices. This suggests therefore, that either a greater
number of informative choices were made on those rules in which
a direct test was less infarmative than an indirect test or,
if a direct test yislded more information, then a greater
number of redundant cards,wsre selected, Analysls of informative
and redundant choices indicated only that the former alternative

was trus for conjunction for which fewer informative cholces
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were made than for other rulss, but no other differences were
obtained betwsan rules, This analysis, however, did not
distinguish between the extent to which an instance was loglcally
informatives an instance which eliminates one hypothesls is
classified squally with an inatance which elimlnates 84,

More impartantly, the asasrtion that subjects are using
a statistlcal-decision as opposed to an information-processing
approach reflects on the meaningfulness of logically classifying
gach card choice as informetive or rsdundant in the asanse that
the choice sliminates one or more altarnative hypotheses. The
analysis of the number of informative and redundant cholces
made on each rule described in the results is based on the
false assumption that the subject is utilizing all the informatlon
which is contained in every instance, and may therafore be
disregarded as having any relevance to a description of any
subject's behaviour during the task. To say that a loglecal
analysis of choicas made raveals that in the course of their
selections 41.7% of subjects sliminated all but one hypotheels
is meaningful, howsvar. It is meaningful not due to any
description of the process of svaluation, but becausse, as 3
conssquence of effectively removing all alternative posaibilities
which could also have produced a similar outcoms an each selection,
any declsion made by these subjects concerning the truth of the

hypothesis should be veridical.
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At the end of the task all but three subjects indicated
when questioned that the task would have been easisr if feedback
had been provided on each instance selected. An experiment
was carried out as a follow-up to this study in which such
feedback was supplied. Obvioualy, if feedback is to be given,
the experimenter must know the solution to each problem, and
hence, for =ome problems the initial hypothesis was true, but
in others it was falsee, If the hypothesia 1s true, then
according to a statistical-decision model, the subject will
tend to select n confirming instances of the hypothesis after
which he will judge the hypothesis to be true. The value
of n will depend on the critsrion for being right held by the
subject. In the experiments deacribed hsra the criterion
was set by the instructions; subjects were to use a high or
gafe criterion for successful splving of the problem. No
difference is expected between rules for thls model when the
hypothesis is true. If the hypothesis ia false, then a new
hypothesis must be sampled and tested in similar fashion to
the old until an hypothesis is found which meets the criterlon
for accepting it as true. If no memory of instances is
assumed, then no diffaerence should be expected betwean rules
for the number ef instances selected befars arriving at the
solution, However, if a consistency aseumption ls operative,

then some differences may appear betwsen rules when the glven
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hypothesis is found to be false, 1f, however, subjscts tend
to evaluate the hypothesis by logically elimlneting other
possible hypotheses using a focuasing strategy, for example,
then it can be predicted that the number of lnstances required
is dependent on the logical rule of which the hypothesia conslsts.

Two other minor modifications were made in the expsriment
to be describsd from Experiment VII. The first was to present
subjects with thres praoblems instead of one involving the same
rule, The subjects were then inetructed that the solution ta
each problem involved the eame rule combined by two attribute
values. All they had to determine was whether the two atiribute
values in the hypothesis were the same two attribute values in
the solution, and if not, what the two attribute values were
for the sslution. Thus, the type of solution involved in this
study was more defined than in the previous experimsnt,
According to a statistical-dscision model, this should not make
any difference to the number or type of instances chosen to
svaluate the hypothesis, Secondly, it was desired to increase
the likelihood of hypothesis-testing behaviour and so the
stimuli were randomly placed in a 9 x 9 array instead of bring
systematically arranged. Following Bruner et al. (1956),

this should increase the incidencs of scanning.
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Experiment VIII: Hypothesis-testing with true and false

h!Eutheses
1, Method

a. Subjects and Design. - The subjects were 96 undergraduate

gstudents with equal numbers of both sexes randomly selected

from the first-year psychology subject pool at the University

of Adelalde, An 8 x 3 repeated-measures factorial design

was used with the varlables (a) conceptual rule (conjunction,
inclusive disjunction, conditional, biconditional, disjunctive
absence, conjunctive absence, exclusion, and exclusive disjunction)
and (b) problems (three for each subjsct). For all subjects,

on the first two problems initial hypotheses wsre true, while

on the third problem the initial hypothesis was falss. No
subject was aware, of course, at the beginning of a problem
_mhether his hypothesis was true or false. Twelve subjects

were randomly assigned to one of the eight rules with the

single limitation that there be equal numbers of each sex

on sach rule. The attribute values of the initial hypotheses
were randomly chosen from the 54 possible pairs of attribute
value combinations of two attributes, and a different initial
hypothesis was presented to each subject on sach problem for

each rule, Where the initial hypothasis was falsse, the

concept was randomly selected and wae different for each subject.

b. Stimuli., - The stimuli consisted of geometrlical designs
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printed on 7 x 10 cm, white cards, Designe varied according
to four attributes with each attribute having three values,
making 81 different patterns. The attributes and their values
were colour (red, green, and black), shape (cross, circle, and
squars), number of figures (1, 2, and 3), and number of borders
(0, 1, and 2), The 81 cards were arranged on a table befors
the subject in a random 9 x 9 array.

c, Procedurs. - The detsils of the procedure were expiined to

the subject in the instructions which were presented to hih on
a typed sheet. At the beginning, the instructions noted that
the experiment in which the subject was about to take part
was designed to investigate ways in which people form concepts;
it was not an intelligence test, nor would the results be used
to asssss individuals for examlnation purposes.

The nature of the stimulus display was then described
and a definltion given of a "concept® as "a certain set of
these cards determined by the presencs of twn of the sbove
attributes". The relevant type of concept was then explained
with the aid of an exampls. The sxaemples were: for cnnjunctinn;
"all cards which are green and sguare"; for inclusive disjunction,
ngll cards which are either green or square or both"; for
conditional, "all cards which are grsen or not sguare"; for
biconditional, "all cards which are green and sgquarse, OT,

not green and not sguars"; for disjunctlive absence, "all
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cards which are not green or not square®; for conjunctive
absence, "all cards which are not gresn and not equare";
for exclusion, "all cards which are green and not squars®;
for exclusive disjunction, "all cerds whlch are either pgreen
or sguare but not both", It was ascertained that the subject
understood the relsvant conceptual rule concerned by pointing
to several test instances, randomly selected from each truth-
table category.

It was then explained to the subject that his task was
to find concepts Jjust like the one described, Three problems
were to be presented, and on each problem a new concept was
involveds The subject was to attempt to find the concept
by selecting cards, one at a time, to which the expsrimenter
would indicate whether or not 1t was a member of the aest of
cards determined by the concept. The subject was told that
he could at any time volunteer his concept to the experimenter,
but since he was allowed only one attempt at the concept, he
was advliead not to make such an attempt until he had established
beyond reasonable doubt what the concept waes; time was not
important,

Each problem was started by presenting the subject with
an hypothesls of the concept typed on a 7.5 x 13 cm., flle card.
It was explained to the subject that this hypothesis may be

either true, i.e., 1t was the actual concept he was trying
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to find, or false, If the subject discovered that the hypothesis
was false, then he was recommended to form a new hypothesie of
his own making and test that to see whether it was trus or false,
until he considered the concept to be identifled.

When the subject had finished reading the typed instructions,
the experimenter asked him if there were any guestions. An
assurance was sought that the subject understood the difference
between an hypothesis and a concept. The instructions wers
then summarized once more verbally. When the subject indicated
that he was ready, the first problem was begun by presenting
him with the first hypothesis, The ipstruction sheet was
available to the subject throughout the task.

2 Results

The results ars summarized in Table 24 in terms of the
mean and standard deviation of the number of card choices to

the criterion of propesing the concept for each rule and problem.

Basic Rule Prablem Complementary Problem
Rule
one | twa | thres one | twa | three
Conjunction | M 5.9 6.6} 11.2] Disjunctive
absence M | 7.1] 7.3 ] 16.7
S.De| 3.3 6.2} 6.3 IS.De] 3.6 b6 | 11,2
Ingl ti
nELyaiveion| m | 7.9 6.4 13.0] “BBdEREE VS [ M [7.9] 5.8 ] 12,7
S.D. 6.3 3.5 12.8 B.DQ 5.3 3.0 13.2
Conditional | M 7.2] 7.2 22,9 Exclusion M |7.8] 6.8 ]| 12.4
S5.0.] 4.6] L.4)] 21.6 SeDo| be2 | b1 ] 4.1
Bicodifional | M 9.1] 6,5| 25.7| Exclusive M |6.3]5.3]17.0
S.0.| 6.1 3.2 33.3| disjunction [S.D.| 2.9 | 2.2 14,1
TABLE 24. Number of trials to criterion for each rule and problem.
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An analysis of variance was performed on this data

transformed by a squars-root transformation 1n order to make
the variances more homogeneous,. A significant effect was
obtained for the numbsr of trials to criterion over problems,
F (2,176) = 48,42, p<,.001, but there was no significant effect
over rules, nor any intsraction between problems and rules,
A summary of the analysis of variance may be found in Table
25. A post hoc snalysis using Newman-Keuls multiple range
comparisons (Winer, 1962) revealed significant differences
between Problems 1 and 3 (p<.01), and 2 and 3 (p <.01), but

no difference between Problems 1 and 2.

Source 8.5. | DF. | MS. | F P
Between subjects 168,46 95
Rules 11,51 7 | 1.64 |0,92 | N.S.
Subjects within groups 156,95 88 |1,78
within subjects 278,61 192
Problems 93,94 2 k6,97 |kB.42 |< D01
Problems x rules 13.99 14 |1.00 | 1.03 | N.5.
Problems x subjects

within groups 170,68 | 176 | 0.97

TABLE 25. Summary of analysls of variance on number of card

choices to criterion transformed by square-root transformatiaon.
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An examination was made of the number of subjscts whoze
proposal of the concept waes correct - ase Table 26, A Cochran
Q test (Siegel 1956) was used to dstermine whethsr the number
of subjects arriving at the correct solution differed aon each
problem. This analysis showed that significantly different
numbers of correct solutions were provided on each problem
for inclusive disjunction, conditional, biconditional, conjunctive
absence, and exclusive disjunction, For these rules, inspection
of Table 3 indicates that there were fewsr corrsct solutions
on Problem 3 than on Problems 1 and 2. For the first two
problems, in which the initial hypothesls was the concept which
subjects wsre sseking, the probability of an incorrect solution
taken over all rules was 0.03., On Prablem 3, howsver, the

probability of an incorrect solution computed for all rules was 0.39.

Baaic Rule Problem Complementary Ruls Problem
one | two |three one |two | three
Conjunction 12 | 11 S Disjunctive
absence 12 11 9
Incl.disjunction 10 | 12 5 Conjunctive
absence 12 | 11 6
Conditional 12| 12 7 Exclusion 12 | 12| 10
. Execluslve
Biconditionsal 12 11 5 disjunction 12 | 12 a

TABLE 26, Number of subjects attaining the concept on each problem.
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A logical analysis was performed on the instances selected

by each subject on each problem to determine the number of

hypotheaes remaining at the time the subject proposed his

solutian to the problem.

Table 27 showlng the number of subjects on sach rule who

A summary of this analysis is in

2.

Problem ICumplementarv Ruls

Basic Rule Problem
one |two | three one | two | three

Conjunction 10 | 9 10 [pisjunctive absence | & 9 7
Incl.

disjunction 6|5 5 [Conjunctive absence | &4 2 6
Conditional 3 3 18 JExclusion 8 7 11
Biconditional 7 o) 8 |Exclusive

disjunctlon 9 5 9

TABLE 27. Number of subjects logically eliminating all but

one hypothesis,

eliminated all but the correct solution with their card choices

according to a logical anpalysis.

A Cochran @ test (Siegel, 1956)

was conducted on each rule but no difference was obtained betwssan

problems except for conditional (p<.0l1) and disjunctive absence

(p<.01). Inspection of Table 27, however, does not indicate

that the freguency with which only one hypothesis logically

remained waes lesa for Problem 3 than for Problems 1 and 2 as

might be expected from the previous analysls of ths number of
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subjects attaining the concept. Indeed, for the conditional,
the frequency was higher on Problem 3 than on 1 and 2. It
is evident that a logical analysis is not necessarily a good
predictor that the concept will be identified. Clearly a
number of subjects identified the concept when the initial
hypothesis was true even though they had not eliminated all
alternative hypotheses. When the initial hypothesis was
false, however, subjects who logically slimipated sll but
one possible solution did display a significantly greater
tendency to attain the concept than other subjects. In this
case, when one hypothesis logically remained, the probability
of a correct solution was 0.73; wlth more than one hypothesis
remaining, the probability was 0.37. AR 2 x 2 chi sguare using
Yates correction on this data yielded Z? = 9,85, p<.0l.

The nature of the instances selected was analysed and a
summary may be found in Table 28 in terms of the median
percentage of positive instances chosen on each prablem for
each ruls. These percentages were compared with the percentage
of positive instances present in the stimulus population for
gach ruley conjunction 11.1%, inclusive disjunction 55.6%,
conditional 77.8%, biconditianal 55.6%, disjunctive sbsence
88.9%, conjunctive absence L&,4%, exclusion 22.2% and exclusive
disjunction &44.4%. A sign test was used for this purpose

with a correction on the significance level for each comparison



214,

Baslic Rule Problem Complementary Rule Problem
one two three one two |thrsee
Conjunction 100.0(100.0 | 35.4 |Disjunctive absence| 76.4| 62.8] 86.4
Incl.
disjunction | 87.4] 79.2 | 62.3 |Conjunctive absence| 46.5| 31,0| 52.8
Conditional |68.4| 74.0 | 62,9 |Exclusion 95,5 85,9 45,3
Biconditional] 63.4| 63.1 | 58.4 |Exclusive
disjunction 66.7| 69,1 | 43.7

TABLE 28, Median percentage of positive instances selected.

to ensure that spurious differences did not occur by chance

(Duncan, 1955

).

The corrected significance lavel for sach

comparison was «< = 003 (two-tail) obtalned using the formula

= 1= (.95

]
)k

where k represents the number of comparisons

made., On this analysis 1t was found that a higher percentage

of positive instances ware selected than were present in the

stimulus population on all problems for conjunction and exclusion,

and on the first two problems for inclusive disjunction anc

exclusive disjunction.

were chosen on Probleme 1 and 2 for disjunctive absencs.

No

A louwer percentage of positive instances

significant differences were obtained for conditional, biconditional,

and conjunctive absence.

The type of instances selected on the first two problems
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were further analysed into thase containing both (TT), one

(TF and FT), or neither (FF) of the attribute values given

in the initial hypothesis.

first two problems for each rule the initial hypothesis was

true. The median percentage of sach of these four classes

of instance selected may be found in Table 29.

It will be recalled that on thea

Rule Problem
one two

1T TF FT FF TT TF FT FF
Conjunction FDD.D (¢] g o 100.0 0 0 0
Inecl.
disjunction 17.0 25.0 |38,2112,.7 19.1 | 25.2 |30.4 (20,9
Conditional 13,4 21.6 29,3 | 25.0 17.5 | 26.0 |23.6 |31.0
Biconditional 24,3 8.8 14,3 ] 33,3 31.0 |25.0 |11.8 |33.7
Disjunctive
absance 25.0 19.5 |27.8 L.6 37.2 125.0 119.4 |(l6.1
Conjunctivs
absence 14,3 22.0 120.0 | 46.5 15.5 |22.5 |22.5 |31.0
Exclusion a 95.5 (N} a 7.2 185,9 0 1}
Exclusive
disjunction 22,5 33.8 |31.0 0 28,6 33,3 |33.3 g
TABLE 29, Median percentage of instances selected with both

(TT), ons (TF and FT), and neither (FF) of the attribute

values in the initlal hypothesis,
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These percentages were compared with the percentage of
each class of instance ocourring in the stimulus population
- TT 11.1%, TF 22,2%, FT 22,2%, and FF 44, 4% - ueing a sign
test with a corrected significance level of o< = .003. Far
canjunctlon, the significantly higher percantage of positive
(TT) instances was due to a lowser percentage of TF, FT, and
FF instaneces being chosen. For exclusion, the higher percentage
of positive (TF) instances selected was related to a lower
percentage of FT and FF instances only, The higher proportion
of positive instances selected for inclusive disjunction was
brought about through a highser percentags of FT instances being
chosen. For exclusive disjunction, the percentage of both
TF and FT instances selected was higher than that which occurred
in the stimulus population, but this was relatsd to a lower psrcentage
of only FF negative instances, For disjunctlive absence, a lower
percentage of FF positive instances was found, A lower percentage
of FF instances was also obtained on conditional and biconditional,
even though the overall result of the analysis of positive
instances was not significant for these rules.

As will already be evident, the eight rules considered 1n
this experiment fall into four palrs having ths property that
any instance which is positive under one member of the pair is
negative under its complement. This means that a positive

instance under, say, conjunction has the same information value
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as a negative instance under disjunctive absence. Previously
it has been shown in this experiment that the number of instances
selected to criterion has not differed between rule pairs,
A comparison bestwesn the members of sach pair was also made
for the type of instances selected on sach. For this comparison
a Mann Whitney U test was performed on the percentage of positive
instances selected on sach Y"basic" rule and the percentage of
negative instances selected on its complementary rule for each
rule pair and problem. A correction was made to the significance
lsvel adopted for each comparison becauss of the number tested.
On the first two praoblems significantly more positive instances
were selected for conjunction, conditional, and biconditional
than negative instances for disjunctive absence, exclusion,
anﬁ exclusive disjunction respectively. This implies also
that the percentage of negative instances selscted for caonjunction,
conditional, and biconditional was lower than the psrcentage
of positive instances for disjunctive absence, exclusion, and
exclusive disjunction respectively. No differsnce§ however,
were found between inclusive disjunction and conjunctive absence
at <= ,004. On Problem 3, where the initisl hypothesis was
false, significantly more positive instances were chosen for
conjunction and inclusive disjunction than negative instances
for disjunctive absence and conjunctivea absence respectively.

The recipraocal of this is therefore slso true. No differences,
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however, wers obtalned on Problem 3 between conditional and
exclusion, or bstwsen biconditional and exclusive disjunctian
at X = 004,

3 Discussion

The results indicate that there are no differences in the
number of instances chosen for the varigus rules examined when
subjects are asksd to test an hypothesis which, unknown to them
at the beginning of the problem, is trus. This finding 1s
reminiscent of Experiment VII where again no difference was
found between rules in the number of instances chosen to evaluate
an hypothesis, although in the experiment no fesdback was
ﬁrnvided on the truth value of the seiectinné. Mareover,
in the present task almost all subjects evaluated the given
hypothesis successfully for all rules.

Thase findings may be taken as supporting the model proposed
earlier where hypothesis-svaluation was considered as a decision-
making process, as distinct from a process of logical slimination
of alternative hypotheses. According to a logical-elimination
praocess model, the minimum number of instances neceseary to
test an hypothesls varies with the rule., Two choices ars
necessary for conjunction and disjunctive sbsenca, 3 for
inclusive disjunction and conjunctive absence, and condltional
and exclusion, and & for biconditional and exclusive disjunction.

A statistical-decision process model, howsver, it will be recalled
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is independent of the rule and is a function only of the
criterion for successful evaluation of the hypothesis held
by the subject. In this task subjects on the different
rules were all glven instructions to adopt a safe or conservative
criterion towarde success. Assuming that these instructions
were equally effective for the different groups of subjects,
and the results suggest they were, it can bs expected that
no significant variation should take place between rules.

Bther findings are alsc consistent with this model.
Thus, it has been shown that more 1lnstances were required
when subjects were provided with an initial hypothasis which
wes false than when given one which was true. This sffect
has been obtalned in spite of the design of the experiment
in which Problems 1 and 2 always began with a true hypothesis
and Problem 3 with a false hypothesis, This result is of
interest when considering subjecta' performancs in Experiment
VII in the light of this new data. The means and standard
grrors of the mean of the number of cholces mads in Experiment
VII end in this experiment for an 1lnitial true hypothesis
were 7.7 and O.4, and 6.9 and 0,3 respectively. A t test
on these two ssts of results shows that there is no diffsrence
between them. It ssems liksely, therefore, that the subjects
in each case wsre behaving similarly, even though thosae in

the present experiment wers provided with feedback on each
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instance chosen whereas in the earlisr task no feedback was
available., The almost unanimous report by subjects in
Experiment VII that some fesdback on their instances would
have helped them in their task is not reflected in the number
of instances selectaed.

The finding that the means of the number of instances
selectsd for the various rules lie betwsen 5.3 and 9.1 with
an aoverall mean of 6.9 is reminiscent af Miller's (1956)
observation of a limit to the number of independant items
which can be stored in immediate memory of between 5 and 9
with a mean of 7, This may lead one to speculate that the
number of instances selected undar a high eriterion for successful
evaluation of the hypothesis may be rslated to short-term memory
capacity for storing information about the hypothesis, Using
Miller's informational model of memory, this means that, if
the fesdback given on an instance agrees with the prediction
made by the hypothesis under test, then one itsm of information
concarning the hypothasis 1s stored in the first pigeonhole 1n
short-term memory. If the second instance selected confirms
the hypothesis, another item of information is stored in =
second pigeonhole. This proceass is repsated until either
all avallable pigeonholes in short-term memory have been filled,
or a discrepancy occurs between the prediction of the hypothesis

and the feedback given by the experimenter. If the formsr
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takes place, then a decision will be made to asccept the
hypothesis, If the latter, then all evaluative information
in the pigsonholes is erased and a new hypothesis sampled
in the manner discussed earliier in the section on hypothesis-
sampling. This model assumes, of course, that the individual
is operating under a high criterion for corrsct svaluation of
the hypothesis. At other times when a risky svaluation is demanded,
a decision will be made before all pigeonholes have been filled.
This proposal is formulated in terms of Miller's informational
model of immediate mesmory, but it will be realised that this is
not the only model of short-tarm memory which could be applied.

It may well be asked what is the item of information
which 1s stored in each plgeonhole. At least two possibilities
exist. The first comes from the decision-making model and
suggests that only an indicator is placed in the pigeonhole
to show that one confirming test of the hypothesis has been
made, In nother words, the oanly information storsd is the
number of instances selected confirming the hypothesis. e
may wonder in this case why 7 pigeonholes are needed for thils
purpase, why the numbers 1 to 7 could not equally well be
stored in a single pigeonhole to show the number of conflirming
tests completed. If the latter system was employed, then the
remaining pigeonholes could be utilized for retantion of instances

salected for use in sampling. This leads to the second major
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possibility, that the subject seeks to store in the pigeonhole
the instance seslected together with the essoclated feedback.

In view of the high degree of confusability of the stimull,

it seems unlikely that the subject can remember 7 random instances.
However, if some simple strategy is employed for choosing cards,
then it may easily be possible to remember more than 7, This
would account for the occaslonal subject who sslected almost

all positive instances before meking an affirmative declsion

on the hypothesis. Clearly, this discussion is rather speculative.
More will be sald on the role of memory in hypothesis-testing
followlng the next axperiment.

Analysis of the nature of the instances selected for those
problems on which a true hypothesis was glven indlcates that
there is a tendency for subjects to select instances which are
positive according to the hypothesis under test, This 1s
evidenced by the number of rules for which a greater proportion
of positive instancea were selected than were present in the
stimulus population. The result for disjunctive sbsence is
probably related to the fact that negative instances provide
greater informatlion and are therefore a more sffective test
of the hypothesis involving this rule, That the logical
effectiveness of a test of an hypothesis is not a dominant
consideration, however, may be seen for lnclusive disjunction,

conditional, and biconditional. Comparisons betwsen complesmentary



223,
rules also indlcates a strong tendency to choose positive
instances which constitute a direct test of the hypothesis
8s suggested by Bruner st al. (1956). The finding of no
difference between the proportion of positive instances selected
for inclusive disjunction and the proportion of negative
instances selected for conjunctivesosence may be s reflection
of the comments of a number of subjects who found the wording
of the conjunctive abssnce rule confusing and tended to rephrase
it as a nagated inclusive disjunction. Comparison betwsen
the present dats and the data obtsined in Experiment VII for
the proportion of direct test instances reveals a close similarity
in the percentagas. The only apparent effect of feadback seems
to be a slight increase in the percentage of dirsct test insfancas
for conjunction, exclusion and perhaps inclusive disjunction.

Further analysis of the instances selected into four
categories according to the presence or absance of the attribute-
values specified in the hypothesis reveals additional similarities
between the two sats of results for feedback and no feedback.

Thus in both experiments there was a tendency to select instances
having one attribute value for inclusive dlsjunction and exclusive
disjunction, and a tendency not to select FT or FF instances for
gxclusiaon, The abservation made fallowing Experiment VII that

a preference for direct testing of an hypothesis does not appear

to apply equally to all direct test instances nor against all
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indirect test instances may be reiterated here. In this
experiment, however, this finding is somewhat less general.

For example, only FF instances were found to be infrequently
chosen in the earlier experiment for conjunction, while in
this experiment there was a significant tendency not io select
any of the 3 types of indirect test instance for this rule.

On the third prnblem‘ when an initlal false hypothesis
was presented, no difference was again found between the
number of instances selected to crlterion for different
conceptual rulss. This result is somewhat unexpected for
both models af hypothesis evaluation, It may be predicted
from an hypothesis-sampling modal which assumes recall of two
instances selected that the probability of sampling the correct
hypothesis will vary according to the rule since the number
af hypotheses consistent with tws lnstances dspends on the
rule concernaed. Thus, if two poaitive instances are selected,
a maximum of & conjunctive hypotheses will be avallable for
sampling, but the minimum number of conditional hypothesas
from which a choice can be made is 60, A similar expectation
may be seen if recall of only one instance is assumed. Even
if no memory is assumed and sampling is random with replacement,
a difference betwsen rules would be predicted because the
hypothesis pool size for conditional and excluslon ls twlice

that for the other rules,
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The finding of no difference bstween rulese wlth an
initial false hypothesis cannot be teken as conclusive slnce,
although most subjects were correct in the ldentificatlon
of the concespt whan the initial hypothesis was trus, this was
not the case on inclusive disjunctien, conditional, bicondlitional,
conjunctive absence, or excluslive disjunction when the initial
hypothesis was false, It may be that 1f subjects whoss first
attempt at the concept was incorrect, were allowed to contlnue
until they had attainsd the concept, then some differences
may have bsesn found. Further work is negessary to anawer
this gquestion. The rsason faor allowing only one attempt
at the concept in the present experiment was to minimise
guessing, and hence to detaermine what ia acceptable evlidence
for the truth of an hypothesis using a high or safe criterion.
The finding of a differsence in succssaful concept attalnment

between initial true and false hypotheses may indicate either
that the sriterion utilized by subjects on the problems with
the false hypotheses wes different from that utllized wilth
true hypotheses or that subjects attempted to recall previous
instances prior to sampling af the trus hypothesis and that
errors in the recall af thess instances led to erronsaus
attempts at the concept. Comments spontaneously made by
a8 number of subjsctse on encountering an invelidating instance

of an hypothasis after a series of conflrming instances suggest
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that the former may be more likely. These subj]ects reported
that they had forgotten which carda they had sslscted and so
they would have to start all over again.

A number of questions on behavipur during hypothesis
testing have already been raised in the preceding discussion,
and there are other observations which also need further
examination. For example, it was noted that subjects seemed
to perseverate their responding to the inltial hypothesis
even after an invalidating instance. Some subjects
spontaneously reported when they believed the hypothesis was
false and in several casss mare than one disconfirming instance
had been chosen, Adequata data to answer these questions
is not possible with the methodology employed in the present
experiment, A further experiment is proposed here to provide
more information about the processes of hypothaesis sampling
and evaluatlaon,

In this experiment it is suggested that subjects be
presented with elther true or false hypotheses as before.

True and false hypotheses should be counterbalanced over
successive problems, The subject's task would be to determins
the concept by testing hypotheses, On each trial the subject
is required to select an instance for which the experimenter
provides positive or negative feedback whichever is approprilate.

Then, before the subject may select another inatance, he 1s
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required to verbalize the hypothesis he 1s now testing together
with some rating of his confidence in it. Trials should
continue until the subject is extremely confident that the
hypothesis he is holding is the concept. The intraduction
nf confidence ratings should provide a further test of a
statistical-decision model of hypothesls esvaluatian. Accarding
to this model, the confidence that a subject has in his hypothesis
should increase with the number of instances chosen, mostlikely
in the shape aof a learning curve. Moreaover, not only should
the number of instances chosen to complete confidence bs the
same for each rule, but also the curve showing confldence
plotted against number of inatances showed be similar for the
various rules. This method will snable us to follow the
subject's confidence in his hypothaesis at the point of reg-sampling,
to see whether more than one disconfirming instance is required
and to see whether confidence for a new hypothesis returns to
zero. Some explanation may then bae found why more errors
were made in concept identification with an initial false
hypothesis, Also, some additional data can be collected
on differences between rulss when the initial hypothesis is false.

Ancther matter for further inquiry concerns the role of
memory in hypothesis-testing. Both hypothesis sampling and
hypothesls evaluation models make some assumptions about the

retention of information. O0f the hypothesis sampling models
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discussed earlier, the one which seemed to fit the data best
postulated memory for two previous instances, viz., the first
and the last in the sequence presented, A statistical-decision
model for evaluation of the hypothesis does not require that
any instance be recalled. Nevertheless, the possibility
has been raised in the preceding discussion that some . attempt
to recall previous instances may have been made. Accordingly,
an experiment was conducted to investigate immediate recall
of instances and their assoclated feedback when testing true
and false hypotheses. A similar procedurs was employed as
in Experiment VIII, except that the number of instances the
subject could select was determined by the experimentar.

The number permitted was arbitrarily set at 10 for both true
and false initial hypaothesses, The subject was not warned
before the praoblem that he would be asked to try to recall
as many of the first 10 instances selected as he was able.

Experiment IX: Immedlate recall of instances during hypothesis-

testing.
1l Method

Be Subjects and Design. - The subjects were 192 undergraduate

students randomly selected from the first-year psychology subject
pool at the University of Adelaide.
An 8 x 2 factorial design was used with the variables,

(a) conceptual rule (conjunction, incluslve disjunction,
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conditional, biconditiomal, disjunctive absence, conjunctive
ahsence, exclusion, exclusive disjunction), and €(b) initial
hypothesis (true, false). Twelve subjects were randomly
assigned to each of the 16 experimental conditions, with the
limitation that there be equal numbers aof sach sex on each
condition,. The sttribute values of the initial hypotheses
were randomly chosen from the 54 possible pairs of attribute
value combinations of two attributes, and a different initial
hypothesis was presented to sach subject within each conditiaon,
Where the initial hypothesis was false, the concept was randomly
selected and was different for each subjsct. All subjects
were given one practice prablem with no recall of lnstances
before the test problem was presented. Rgain, the attribute
values of the initial hypothesis for the practice problem
were randomly selected and different for each subject within
each condition.

b, Stimuli. - The stimulus display was the same as that used

in Experiment VIII,

c. Procedure and Instructions. - The detalls of the procedure

and instructions were identical to Experiment VIII wlth the
following alterations. Firstly, subjects ware not told how

many problems would be presented. Thils was designed to

prevent guessing of the truth or falsity of the initlal hypothesis.

Secondly, subjects were instructed that they would be allowed
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to select only a limited number of cards, but they wsre not
told exactly how many, After this, they wers told they would
be asked to say what they thought was the concept. It was
explained that this would complete the problem. Slnce the
exact number of cards permitted to be selected would not be
glven at tha beginning of a problem, subjects were encouraged
to try to work as efficiently as pessible. If, by chance,
they happensed to discover the concept before the experimenter
required them to stop, then they should check their solution
by choosing further cards until they were interrupted,

Two prablems were presented to each subject who was allowed
to select 10 instances on each problem. On the first ar
practice problem, the initlal hypothesis was trus, and the
subject was simply required to give his attempt at the concept
as instructed, On the second or test problem, before he was
allowsd to propose the concept, the subject was asked to point
to those cards he wes able to remember having just chosen in
the second problem, and to say whether they were members of
the concept or not. No special order of recall was required,
After he had recalled as many instances as he could clearly
remamber, the experimenter asked him to make his attempt at
the concept.

20 Resultse

The mean and standard deviation of the number of instances
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correctly recalled out of 10 was calculated for eash rulse
and each type of initial hypothesis, A summary of thils

data may be found in Table 30,

Basic Rule Initial |Complemantary Initial
Hypothesls Rule Hypathesis
True | False True | False
Canjunction M 646 5.1 |Disjunctive
absence M LeB | 5.5
S.De¢ | 2.9 1.7 S.D. | 2.3 2,1
Incl. Conjunctive
disjunction M 5.0 L.,8 absence M 5.0 | 3.7
S.D. | 2.0 2.2 S.D, ] 2,4} 1.7
Conditional M 4.0 5.5 |Exclusion M 5.8 | G.b
S.D¢ 2.1 l.8 S.0.{ 2.8 | 2.0
Biconditional | M 3.8 L.6 |Exclusive M 566 3.9
S.0. |1.9 2,2 Diajunction s.0.| 2.8 1.8

TABLE 30. Number of instances corrsctly rscalled,

An analysis of variance was performed on this data, A
significant effect was obtained betwsen rules, F (7,176) = 2.13,
P< +05; but there was no significant sffect of initial true and
false hypothesss, nor a significant interation between initial
hypothesis and rule. A Newman-Keuls post hoc analysis on
individual pairs of rules was unable to detect significant

differences between any palr of rules at the 0.05 lesvel. A
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summary of the analysis of varliance may be found in Table 3l.

Source 5.5, D.F. |M.5, F P
Initial hypotheeis (H) 881 1 .88 0.17 | N.S.
Canceptual ruls (R) 76.20 | 7 |10.89 2.13 | <.05
HXR B3.33 | 7 9.05 1,77 | N.S.
Error 898,58 pL76 5.11

Total 1038.99 [L91

TABLE 31. Analysls of variance on number of inastances

correctly recalled.

The effect of the position of the instances in the sequence

selected on
analysis,

for recall;
position In
position in
probability
againat the
can be seen

with recall

recall was investigated by means of a chl-squarse

This showsd a significant difference between positions

2
Zg

the sequence and the initial hypothesis nor between

= 67.08, P<.001, but no interaction bstwsen

the sequencses and rule. Filgure 5 shows the

that an instance was correctly recalled plotted
ordinal position of the instances selected. It
that this is a conventional serial position curve

best for the first and last instances.

Examination was made not only of the number of instances

recalled, but also of the errors committed on recall. It was
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noticeable that most subjecte (81.2%) made at least one error
of commission during recall in addition to other errors of
omission. Instances falsely recalled were classified into
three groups: (1) instances whose truth value was incorrectly
reported, (2) instances recalled differing in only ane
attribute value from an instance selected, and (3) instances
with more than ons attribute valus difference from those
selected. Only a relatively small proportion of subjects
(21.4%) faleely recalled the truth velue of an instance.

The freguency of category 1 errors was greater for an initilal
hypathssis which was false than for one which was true,

ﬁi = 5,49, p<.05., Clearly the majority of errors (71.5%

of all subjects) differed by one attribute valus from an
instance selscted. The third type of error was committsd

by only 28,1% of subjects,

The instances selected were divided into positive and
negative instances and an analysis was performed to see whether
there was any differsnce in the recall of these two classes
of instances. Since different numbers of positive and negative
instances were selected by different subjects, acores wers
atandardized by computing the proportion of posltive instances
recalled and the proportion of negative instances rescalled.

Subjects who chose instances all of the same type were dlscarded

from the analysis, The remalning subjects wers sorted into



FIGURE 5. Probability that a selected instance is
correctly recalled plotted ageinst the

ordinal position of the instancs selected.
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three groups according to whether they recalled: (1) a higher
proportion of positive than nagative instances, (2) a higher
proportion of negative than positive instances, or (3) the
same proportion of positive and negative lnatances. The
number of subjects in the first two groups is shown in Table
32 for initial true and false hypotheses and for all conceptual
rules examined in the experiments A chi sguare analysis on

this data revealed that the frequency with which a highsr

Rule Mare Positives Recalled |More Negatives Recalled
Initdal Hypothesls Intial Hypothesis

True | False Total | True | False Total
ConJunction 4 L 8 1 1 2
Incl disjunction 5 6 11 2 5 7
Conditional 2 3 9 3 G 9
Biconditianal 7 9 16 1 1 2
Disj. absence 3 2 5 S 6 11
Conj. absence 2 5 7 5 6 11
Exclusion 5 8 2 4 6
Excledisjunction L 9 13 L 2 6
Total 34 43 77 23 31 54

TABLE 32, Frequency with which a higher proportion of positive
instances than negative instances were rscalled and freguency

with which a higher proportion of negative instancesthan positive
instances were recalled.
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proportion of positive instances than negative instances
were rscalled was significantly greater than the fraquency
with which a higher proportion of negative instances than
positive instances were recalled, ﬁf = 4,04, p<.05. From
this it may be conecluded that recall of positlve instances
was better than of negative instances. Recall of positive
and negative instances was also found to interact with the
rule involved, Xg = 17.88, p< .05, but not with the typs of
initial hypothesis presented. Further analysis reveals a
clear tendency to recall positive inatances better than negative
instances on biconditional, ﬁf = 10.89, p £ .001, a similar
but marginal tendency on conjunction, ﬁf = 3.60, p <.10, but
for disjunctive absence and conjunctive absence inapection
of Table 32 shows the tsndency is in the reverse diraction.

After the subject had recelled as many instances as he
was able, he was asked to attempt to name the concept. A
summary of the number of times the conecespt was correctly
identified 1s given in Table 33, A chi-sguare analysis showed
a significant effect of the type uf initial hypothasis presented
on concept identificatiun,lif = 56435, p<.00l. There was
no difference between rules, nor any significant interaction
between the initial hypotheses and rules,

3 Discussion

Several findings of interest have been gbtained in this
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Rule Initlal Hypothesis

True Falsse Total
Conjunction 11 2 13
Inclusive disjunction 10 2 12
Conditional 10 1 11
Biconditional 10 1 11
Disjunctive absence 11 1 12
Conjunctive ahsence 10 1 11
Exclusion 11 1 12
Exclusive disjunction 9 1 10

Tatal 82 10 g2

TABLE 33. Ffreguency of concept ldentification,

experiment. Firstly, a small diffsrance has been found between
rulea for the number of instances sucesssfully recallsd, This
result was not predictad by the models of hypothesis sampling
and evaluation considered. In the previpus experiment it will
be remembered that no difference betwsen rules was found for

the number of choices to criterion and this was taken to agree
with the predictions of a statistical-decision procsss af
gvaluation. This new finding may be rsleted to the amount

of information processed over the 10 trisls for the various
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rules since, according to Posner (1965), the amount of information
retained is inversely dependent on the amount of informatlion
procesaed, Empirical support for this notion comes from
Pusner and Rossman (1965) who studied the effect on material
in short-term memory of information transformations of varying
levels of difficulty and found that more complex transformations
lad to increased forgetting. Thus, it ssems that the amount
of information processed may vary according to the rule such
that the fewer is the number of instances rscalled, the more
is the amount of information procesesed. Since the same number
of instances wsere presented on esach rule, this suggests that
the amount of information processed on each individual trial
must be a function of the rule. A similar conclusion may be
derived from the results of Denmny (1969a) who showed that
recagnition-memary error over the first 10 trials of an attribute-
identification task was greater for conceptual rules requiring
- more trials to ecriterlon,

The natures of the information processing in this task
which might give rise to differences bstween rules is not
easy to specify. Two possibilities, howsver, may be coneldered.
Firstly, subjects may be attempting to process information
soc as to logically aliminate.hyputhesea. We may rsject this
possibility as unlikely in view of the evidence already presented

against it and because the obtained differences between rules
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do not conform to the expected order of rules for recall of
instances. The second possibility concerns the process of
checking on sach trial whether the feedback provided by the
experimenter on the truth value of the instance selected coincides
with the truth value predicted by the hypothesls the subject
is testing. The suggestion is that this process may vary
slightly in difficulty for different rules. Two stages can
be distinguished in the process; (1) determipation of the
truth value predicted for the instance by the hypotheeis,
and (2) comparison of this prediction with experimenters
fesdback, It may be reasonably expected that the second
stage i=s independent of the rule. Hence, this second possibility
proposes that the differences in recall between rules are due
to differences in the difficulty of classifying inetances as
positive and negative, An experiment seeking to explore
this possibility is descrlbed later in this chapter.

Another finding of interest is that indlcating better
recall for positive instances than negative instances. This
result represents an addition to the evidence already accumulated
showing a preference to select positlve Instances rather than
negative instances, If we follow again the argument that the
amount of information processed 1s inversely related to the

amount of information recalled, then it would sesem that subjects

are required to process more information on negative than positive
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instances, That is, an indirect test of an hypothesis
necessitates greater information processing than a direct
test, This conclusion, however, requires some guallfication
because of an interaction between conceptual rule and positive
and negative instance recall, Perhaps this can be conceptualized
by referring again to the two-stage process suggested above
for confirming or disconfirming an hypothsesls., For the first
stage some differences may be expected in the ease of categorising
paositive and negative instances for different rules, For
example, nepgative instances should be easier to identify than
positive instances for conjunction, while the reverse ought
to be true for conditional. In general, the type of instance
which is the more prabable should be classified more gquickly
for each ruls. Strategies for classifying instancas for
various rules will bs\discussed in more detail later. For
the sscond stage, there are only four possible contingencies
from which the subjsct can meke his decision whather the
hypothesis is confirmed or disconfirmed. A summary of thess
contingencies and the appropriate decision to be made in gach
case is glven in Table 34, It is not immediately obvious
what differsnces, if any are likely to be found between these
four possibilities for the easg of deciding to confirm or
disconfirm the hypothesis, Some previous work has sought

to compare the time for making judgements of sameness and
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Hypothesis Prediction|Instance Feedback|{Declsion on Hypothesis

Poealtive Positive Confirm
Positive Negative Disconfirm
Negative Positive Disgonfirm
Negative Negative Confirm

TABLE 34, Four possible contingencies far making a decision

on hypothesis under test.

difference of stimuli but the results are equivaocel and clearly
subject to a number of procedural veriables (Posner and Mitchell,
1967; Nickerson, 19653 B8indra, Willlams, and uise, 1965
Entus and Bindra, 1970). Further sxperimentation is necsssary
to determine the effects of the various contingencies of
prediction of the hypothesis and feedback on the instencs
on the time taken to reach a decision sbout the hypothesis.

The commant made by several subjects in Expaeriment VIII
upon disconfirming an hypothesis that they could not recall
which instancss they had selected and would hava to start
again is not supported by the results of thls experiment,
No difference is evident between initial trus and false hypotheses

gither for the total number of instances recalled or for

frequency of recall of each serial instance selected. If
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the subjects' comment had any validity, one would expect
it to appear on the first one or two instances. However, the
probability of recall of the first instance was 0.68 for both
initial true and felse hypotheses and this was the most
frequently recalled instence for both types of hypotheses.
Examination of Figure 5 shows & clear serial position curve
with both primacy and recency effect in reecall, which confirms
the estimations of Levine (1969), and also Trabasso and Bower
(1964h) and Bourne and O'Banion (1969).

The number of instances succassfully recalled is rather
more than was expscted by hypothesls sampling and evaluation
models. The hypothesis sampling modsl which gives the best
fit to sampling data proposes retention of the first and last
instances presented. A statistical-decision model of evaluation
does not necessitate storage of any instances. A combination
of these two models, therefore, suggests that only two instances
need be retainsd in hypothesis-testing. Taken aver all rulss
and both initisl hypotheses, the mesan number of instances
recalled in this experiment is 5.0 with a standard error of
the mean of 0.2, It sgems apparent that subjects are able
ts recall mare instances than these two models predict. Some
account of this result may be drawn from the fact that the
procedure followsd permitted subjlects to indicate as many

instances as they could remember selecting. In doing so,
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almost all subjects displayed some intrusions in their recall,
Thus, it seems likely thei subjects are reporting instances,
some of which they may be completely certain that they have
previpusly selected, but also others about which they are not
ao certaln. The importance of the response criterion for
recall has been emphasized in the application of signal detection
theory to memory (Banks, 1970). In the course of a concept
identification task subjects may be somewhat more conservative
in racalling past infarmation which they wish to utilize in
sampling or evaluating an hypothesis. In other words, in
hypothesis testing subjects may tend to utilize only information
which is derived from instances for which they are most confldent
about having selaected on a previous trisl, even though there
may be other instances that they can recall with less certainty.
If instructions to subjacts specified that they were to recall
only those instances which they were csrtain they had selected
and that they should be carsful to avoid any srrors in recall,
the number of instances reported may be nearer to that expscted.
One implication from this discussion is that the subject may be
able to control the degree of risk in hypothesia testing not
snly by the number of confirming instances selected during
evaluation but also the numbsr of instances recalled during

sampling.
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Experiment X: Classifying instances of a concept

We shall return now to considering more fully stege ane
of the two-stage process outlined earlier for comparing the
feedback provided by the experimenter on the truth value of an
instance and the predicted truth velue of the instance according
to the hypothesis being tested. Stage one involves the
classification of the instance as posltive or negative by
the hypothesis under test. Two inferences were made in the
preceding discussion about stage one: (1) that the ease with
which instances are classified depends on the rule, and (2)
that positive instances are more easily classified on some
rules than negative instances,

An experiment was done to examine these inferances. A
choice reaction-time task was ussed in which subjects were
required to tap one of two morse keys depending on whether a
stimulus presented was a positive aor negative exemplar of a
cancept. The cancepts presented to the subjects at the
beginning of the task invplved one of four basic rules -
conjunction, inclusive disjunction, conditional, and biconditional.
The stimull wers randomly drawn from the stimulus population
employed in the previous experiment. The sase of classification
was measursd by the time taken ts respond.

The subject!s task may be viewed in at least two ways,

The first is to regard the difficulty of classification as
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a function of the likelihood of occurrence of each alternative.
The more probable is the occurrence of an alternatlve, the
faster is the cholce of that alternative likely to be made.
Information theary has proved useful in thepast for expressing
mathematically the relationship between the responss time and
the probability of an alternative in a cholce reaction-time
task, The version of Hick's Law (Welford, 1968) which is
applicable to the present situation where there are unequal

probabilities of each alternatlive 1s

=

Mean choice reaction time = K x

"™

A B; log (l/Ri + 1)

i
This approach does not enable us to account for any differences
between ruless which may occur but it does make clear predlictlions
about the relative difficulty of categorising positive and
negative instances on sach rule, Thus, positive lnstances
should have faster reaction times on conditional, inclusive
disjunction, and biconditional, while negative instances should
be classified more rapldly on conjunctian,

Another way of looking at the subject's task le to conslider
the strategies which may be used to identify positive and
nagative instances on each rule. These may be seen best by
constructing decision trees in which the presence of each of

the attribute values specified in the concept given to the

subject is tested. Simple declision trees for the four rules
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may be found in Figure 6. Using these strategies, negative
inetances on conjunction and positive instances on inclusive
disjunction and conditional should be least difficult, with
positive instances on conjunction and bicenditional and negatlive
instances on inclusive disjunction, conditional, and blconditional
having greater difficulty. Thus positive and negative instances
are expected to differ for sll rules except biconditional,
while the biconditicnal should be more difficult than other
rules.

l, Method

8, Design and Subjscts. - The subjecta ware 80 undergraduate

psychalagy students who took part in this experiment as a
course regquirsment,

A & x 2 repeated measures 7actorial deslign was used with
the variables (a) concsptual rule (conjunction, inclusive
disjunction, conditional and biconditional), and (b) instance
(positive and negative). Twenty subjects were assigned to
one of the four rules at random, Each subject was presented
with a differsnt concept in which the relevant attribute valuss
had been randomly selectsd., The sequence of inatances prasented
to the subject was the same for all subjects on all rules, and
consisted of 80 stimull in random order, i.e., the order of
positive and negative instances was random. The ratio of

the number of positive to negative instances varied for different
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(a) Conjunction AnB

Is it A?
ifs No
Is it B? Negative
YIéi///////"\\\\\\\-leij
Positive Negative

(b) Inclusive disjunction AUB

Is 1t A7
Yes ﬁj
Positive iIs it B7
YIB Na
Positive Negative

FIGURE 6. Decision trees for classifying instances
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() Ggenditional A—B

Ias it A?
‘f‘la Na
z//j:/;&:ii\a Positiva
fia fr
Positive flegative
{d) Biconditional A<>3

/\

Y IB N\r
Is 1t B? ;:/}E\ii\\ﬂ
Yes No \‘é; No

! . |

Positive Nsgative Nesgative Positive

FIGURES 6(cont,) Dsuision trees for classifying instances
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conceptual rules - conjunction 1:8, inclusive disjunction 5:4,
conditional 7:2, biconditional 5:k.

b, Stimuli., - The stimuli consisted of geometrical dasigns

varying according to four attributes, with each attribute
having three valuss. The attributes and their values were
colour (red, green, and hlack), shape (cross, circle, and
square), number of figures (1, 2, and 3), and number of borders
(0, 1, and 2). Each stimulus was contained on a 35 mm slide,
Out of the 81 different patterns, one was randomly eliminated
because of the limited capscity of 80 slides for the projector
used.

c. Apparatus, - Slides were projected onto a screen placed

approximately 12 feet from the subject with the aid of a Kodak
Carousel 35 mm projector. A control timer was connected to

the projector so that & new slide was presented every 10 seconds.
Whenever a new slide appeared on the screen, an electric timer

was activated, and also a buzzer sounded. Both the timer and

the buzzer were stopped when the subject depressed one of tuwo
morse keys in front of him. Indicator lights enabled the
experimenter to determine which of the two keys had been depressed
each time, The task was carrled out in a darkened room,

e Procedure and Instructions. - The instructlons began

by explaining to the subject that his task in this
experiment was to use a concept to categorize slides into

those which were examples of the concept, and those which
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were note. For the purposes aof this experiment, a cancept was
a rule which defined a certaln set of patterns. An illustration
was provided using a display of 81 cards arranged on a table
before ths subject in a systematic 9 x 9 array. It was pointed
out to him that the attrlibutes and their values printed on the
cards were the same as those to be found on the slides, The
relevant type of concept wes then explained with the aid of
an sxample. The sxamples wsre: for conjunction, "all cards
which ares green and sguare®; for inclusive dilsjunction, "all
cards which are either gresn or square or both*; for conditional,
"all cards which are sither green or not squars"; and for
biconditional, "all cards which are green and square or, not
green and not sgquare', It was ascertained that the subject
knsw the general nature of the relevant concept type by having
him count all the positive and negative instances for the sample
concept provided,

At the beginning of the task, & concept involving the same
rule but different attribute valuss was presented to the subject.
Ten seconds later, a slide was projected ontoc the screen,
portraying a pattern similar to the patterns on the cards.

The subject's task was to decide whether tha pattern was an
exgmplar or not of this concept., If it was an exemplar, then
he depressed the right-hand key; if it was not, then ha depressed

the leftihand key. The subject was instructed that he swould
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try to respond as guickly as he could without making errors.
Ten seconds after the first slide, a second slide was presented,
and so on, until all 80 slides had been shown.

2é Results

Both response time and correctness of response were
recorded, Few errors in categorising instances were made
on any rule, insufficient for a reliable measure of error
reaction time to be calculated. The data used in this analysis,
therefore, was response time for correct responses only and

a summary of this data may be found in Table 35,

Rule Type of instance
Positive Negative
Mean S.De Mean S.D.
Conjunction 600 215 459 a6
Inclusive disjunction 553 135 584 130
Conditional 506 163 760 284
Biconditional 1057 329 1029 343

TABLE 35, Response times (msec.) for classifying instances

as positive or negative.

An analysis of variance was performed on this data transformed
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by a square root transformation in order to make the varlances
more hampgeneous. A significant difference was obtained
between positive and negative lnatances, F (1,76) = 4.00,
p<.05, and between rules, F (3,76)= 26,76, p<.001, The
interaction between rules and the type of instance was also
eignificant, F (3,76) = 25.26, p<.001. A summary of the
analysis of variance 1s glven in Table 3G.

A post hoc analysis using the Newman-Keuls test on the
effect of the class of instance showed that the mean response
time for positive instances was less the mean response time
for negative instances (p<.05) over all rules., For individual
rules, positive instancee were classified faster than negative
instances on conjunction (p<.01), and slower on condltional
(p<.01). No differences were found on inclusive disjunction
or biconditional. Neuwman-Keuls post hoc comparisons betwean
rules for both classes of instances indicated that the blconditional
took significantly longer to classify than the other rules
(p<.01); no other differsnces between rules were obtalned.

A similar result was found when rules were compared for pasitive
instance classiflication anly. For negative instances,
biconditional classification was slower than conditional
(p<.0l1), which was slower than inclusive disjunction (p <.05),

which in turn was slowsr than conjunction (p<.05).
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Source aof variation 5.5, D.F. M.S, F P
Betwsen subjects _LD&.QS 79
Rules 207,76 3 69,25 26,97 | <.001
Subjects within groups {196.69 76 2.59
Within groups 71,81 88
Instance 1.86 1 1,84 4,00 | <.05
Instance x rules 34,93 3 11.64 25.26 | <.001
Instance x subjects

within groups 35,04 76 0.46
within cell £31,73 | 152 1.52

TABLE 36, Summary of analysis of variance on transformed

latenciss,

e Discuasion

A comparison may be drawn betwesn thess results and the

pradictions of the two approaches suggestsd earlisr to describs

the subject's bshaviour on tha task.

theory approach cen be rajected as providing a most unsatisfactory

set of predlctions,

Firstly, the infarmation

Not only is the informational model unable

to account for differences in time to classify the different

rules, but alen it is not clsar why responses to poslitive
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instances were not gulcker than to negative instances for
inclusive disjunction and blconditional. It is obvious that
Hick's Law does not fit the data. The only results which
agreed with the sxpected outcome according to this model were
the relative responss times for positive and negative instances
an conjunction and on conditional.

The decision model given in Figure 6 on the other hand,
provides a somewhat better fit to the data. Several predictions
have been supported, viz,, (1) the relative difficulty as
measured by response time for classlfying instances for the
four rules, and (2) the relative difficulty of classifying
positive and negative instances, both over all rules and for
each rule except inclusive disjunction. The major discrepancy
between predictions and results is the greater relative difficulty
of conditionsl negative and biconditional positive and negative
classification.

Another look at the decision trees shown in Flgure 6
suggests that these discrepant results may be sccounted for
by postulating that classification time may vary slightly
for different subclasses of instances. Evidence indicating
that categorization time is affected by the number of relevant
attribute values in an instance has already been demonstrated
for conjunction and inclusive disjupction (Nickersan and
Feehrer, 1964; Nicksrson, 1967), These workers found that

response time for negative instances on conjunction and positive
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instances on inclusive disjunction varied directly with the
number of sttribute values present in the stimulus. They
also found that response times for positive instances on
conjunction (i.s. all relevant attribute values present) and
for negative instances on inclusive disjunction (i.e. all
relevant attribute values absent) were less than expected
from extrapolation from times for negative conjunctive and
positive disjunctive instances respectivsly. Indeed, response
times and errors made on pasitive conjunctive instances seam
mors comparable with the respansa times and errors made on
those negative conjunctive instances in which all relevant
attribute values were sbsent. Similarly, response times
and errore on negative disjunctive instances seem to closely
resemble the response times and errors for positive disjunctive
instances in which all relevant attribute values were prasent,
In other words, the longest latencies appear to have occurred
for those instances in which, in the case of two relevant
attribute values, one attribute valus is present and one ahsent.

Applying this oLszrvation to the decision tree model doss
help to explain some of the results which are discrepant when
1t is assumed that all decisions are of the same difficulty.
For exampls, it provides an explanation why negative conditional
and negative biconditional instances require long classification
timas, If a weighting factor is introduced to make allowence

for the variable freguencies of each subclass of instance,
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there is a suggestlion why a significant difference was found
betwsen positive and negative inatances on conjunction, but
not on inclusive disjunction. A further postulate, however,
is necessary in sddition to the observation taken from Nickerson's
studies in order to account for the long latencies obtsined
for claasifying positive instances on the biconditional,

This is that the classification aes positlve instancas in

which both relevant attribute values are absent may be significantly
more difficult than the classification of instances containing

both attribute valuss, More experimental work is necessary

to test these hypotheses,

Whatever the precise nature of the decision model applicable
to this situation, the ressults of this experiment have largely
confirmed the propositione put forward about stage one of the
process comparing the feedback on an instance with the prediction
for that instance by the hypothesis under test. Firstly, 1t
has been found that the ease with which instancus are classified
does depend on the rule. In particular biconditional instances
have been found tc be the most difficult to categorise. This
confirms the suggastion made in Experimant IX that the low number
of instances recalled on the biconditional was an indication that
more informetion was being processed on each trial for this rule.
Secondly, it has been found that positive instances are gasier |

to classify than negatlve instances. Again, this supports the
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hypothesis made in Experiment IX that the better recall of
positive instances than negative instances was indicative
that less information is processed on each positive instance
than negative instance. Thirdly, thers was an lnteraction
between the rule and the type of instance classified similar to
the interaction found in Experiment IX between the ruls and the
type of instance recslled. In this there is one result which
does deviate from expectation. On the biconditional, no
difference was found between posltive and negative instances
on classification, but positive instances were significantly
better recalled than nagative instances, This result may
perhaps reflect the tendency noted in Experiment VIII to
avoid selecting FF positive instances on biconditional, since
it hes slready been hypothasized above that thls subclaas
of instances are mpat difficult to classify,

Conclusion on process descriptions of conceptual behaviour

In the preceding and the present chapters attempta have
been made to loaok at conceptual bshaviour in terms af the
processes underlying this behaviour. In these attempts two
different technigues have been employed to infer such processes.
In the first part of Chapter 4, the technigue adopted was to
try to construe the nature of the process dirsctly from the
sequence of cholces and/or the verbal report made by the
subject. Several examples using this technigues were dismissed

as unreliable or 1nvalid, but one approach wes tried which
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produced an account of behaviour which appeared to show some
consistency with other svidenca, In this approach subjects
were given extensive training on the task which 1t was supposed
would facllitate the making of inferences sbout strategles,
Despite this, the experimenter was still left with a certain
diesatisfaction that he may be imposing his own preconceptions
abhout the process onto his classiflcation. Posslbly indspendent
Judges could be used to overcome this problam to soms extent,

In situations where no pretralning is provided, howsever, it
is difficult to sse that this approach is likely to yield
much helpful infaormation about the underlying process. A
eimilar technigue was described in the early part of the
prasent chapter. This wea Levine's procedure for inferring
the particular hypothesis hseld by the subject from his responses
to a set of blank trials, Once again Levine's subjects were
provided with detailed lnstructions and pretraining. In ths
absence of such preliminary sxparience it may be wondared how
successfully Levine?s method could be used to identify hypotheses,
Another factor detracting from the blank-triale technigue is
that it is possible sometimas to infer an hypothesis even
when the subject is responding randomly.

Methods such as thess may be useful on exploratory or
preliminary investigations. A preferable tachnigue for use

on more extensive studles ie modelling, In this approach



258.
saveral possible strategiss for solving problems ars davised
and then an experimental situation is set up for which thess
differsnt strategies make different pradictions about behaviour.
The particular model which pradicts most accurately the subject's
performance may ba regerdsd as raflecting most cloassly the
propertiss of the procass undsrlying behavigur. This is
the approach which has besn utillzed for the most part in
the remaindsr of the tun chaptera, The usefulness of such
an approach is that it depends on the formulation of testable
pradictions about behavigur, the end product of which may
sametimes Ds the extension of existing knowledge of tha conditions
influencing baehaviour.

The number of suggestions for futurs experiments in the
present chaptar bears witneas to thie, Whether an egusl or
greatsr contribution to the establishment of empirical laws
betwsen input and output is likely to be made without raferance

tc process models is & matter of opinlen.



259,
CHAPTER 6
RULE LEARNING

At the beginning of this dissertatlon it was stated that
a concept consists of two components: fhe relevant attribute
valuss and the rule relating the relevant valuss, In the
past three chapters we have heen concerned with praoblems of
attribute identification in which the subject is inastructed
pn the particular rule involved and is requlired to discover
the unknown attribute values which are relevant. In studies
to be considered in this chapter it is the rule which is unknoun
and the relevant attribute values that are given. Tasks of
this type have bsen termsd rule learning (Haygood and Bourne, 1965).

Differences between rules

Experiments on rule learning have concentrated for the most
part on the four basic rules, conjunction, incluaive disjunction,
conditional, and biconditional. These rules when used to
relate two stimulus dimensions have been found to differ significantly
in difficulty for naive subjects and the order of difficulty
has besen generally agreed to be the same as in the previous
sentence, conjunction to biconditional.

It would seem that the relative difficulty of rules is
independent of whether the stimull are geometrlical designs
(e.g., Haygood and Bourne, 1965) or verbal material (D1 Vesta

and Walls, 1959), whether the task is paced (s.g., Bourne and
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Guy, 1968a) or unpaced (e.g., Bourne and Guy, 1968b) of the
number of irrelevant stimulus dimensions (Haygood and Stevenson,
1967), and of the age of the subject (Bourne and 0'Banion, 1970).
All studies, but aone by Giambra (1970), have utilized the
reception procedure in which a2 randomized sequence of instances
has been presented typically with ths constraint that there
be either equal numbers of positive and negative instances
(s.g., Haygood and Bourne, 1965) or egual numbers of TT, TF,
FT, and FF instances (e.g., Bourne, 1967). The same order
of rule difficulty has been found in each case. In one
experiment Bourne and Guy (1968b) presented subjects with three
types of stimulus sequences - 2ll pasitive, all negative, and
a mixture of positive and negative. The results clearly showed
that performance on all rules (conjunction, inclusive disjunction,
and conditional) was best with the mixed sequence, contrary
to expectation from instance contiguity considerations.
Moreaver, a comparison betwsen the trials to solution data
for the all positive and all negative sequences did not reveal
the typical result obtained on attribute identification,
Indeed, for conjunction a2 negatlve sequence seemed to lead
to solution in fewer trials than a positive sequence, while
for conditional a pasitive sequence produced slightly better
performence than a negative sequence. For inclusive disjunction,

there was a clear superiority in performance produced by a
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positive seguence over that produced by a negative seguence.
This finding would seem to suggest that the type of lnstance,
pasitive ar negative, which includes the majority of the four
stimulus classes, TT, TF, FT, and FF, leads to more rapid
solution,

The plausihility of this explanation 1s clear; rules

can only be fully diffsrentiated when the truth value of sach
of the four classes is knouwn. It is impossible to discriminate
between caonjunctive, inclusive disjunctive, conditional, and
biconditional rules when the truth value of only TT instances
is known, The result ofan experiment by Haygood and Devine
(1967), however, would seem to be in conflict with this assertion.
They shawed that as the proportion of positive instances containing
bath relevant attribute values was increased for inclusive
disjunctive and biconditional rules, the number of errors to
criterion became less. The range of p (TT) examined by Haygood
and Devine was between 0.2 and 0.8. Clearly, if p(7T) equelled
1.0, there is no way that subjects could learn a disjunctive or
a biconditional rule from the stimulus series. Yet an extrapolation
of Haygood and Devine's result would lead us to predict that fewer
errors to criterion would be made under this condition. Moreover,
for the procedure employedwhereby problem solution was concluded
from a run of 16 correct categorizations, this 1s what might

be ressonably expected. The confusion seems to be derlved
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from the confounding of the testing sequence and the tralning
sequence. Possibly, Haygood and Devine's finding does hold
within the range tested. However, to properly substantiate
this, a replication study is necessary in which test triale
are not subject to the same constraints as learning trials.

Recantly an expsriment by Giambra (1970) has claimed an
order of rule difficulty which is differsnt from the trend
of other studies, In this axperiment conditional and biconditional
rule learning problems were presented to one group of subjects
according to the selsction paradigm and another group of
subjects yokaed to the first group according to the reception
paradigm. Giambra reported that conditionel rule learning
was more difficult than biconditional rule learning. It is
assumed that this finding 1s true for both selection and
reception subjects although no direct comparisons were made
betwesn the two procedures, Giambra's account of his finding
was that the relative difficulty of rules varies according to
the percentage of positive and negative instances encountered,
No empirical support for this explanation was cited by Glambra
and from the evidence discussed above it would seem unlikely.
At the same time there appsars to be no othsr alternative
explanation %o account for the discrepancy between Giambra's
result and the results of other studies except that Giambra

employed primarily the selectlion paradigm whereas the reception
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procedure was used in all other studles. In view of the
inexplicable nature of these results, a replication expsriment
was carried out using a sslection procedure to determine the
order of difficulty of rules on ruls learning and to relate

this difficulty to the type of instances selected.

Experiment XI: Rule learning of concepts using a selection

Erncadure.
1. Method

e Subjects and Design. - The subjects were 12 undergraduate

students randomly selected from the first year pool at the
University of Adelaide. None of the subjects had taken part
in a concept learning experiment befors.

A randomized blocks single factorial design (Hays, 1963)
was employed in which the 12 subjects wers presented with four
problems, each problem involving a different rule (conjunction,
inclusive disjunction, conditional, and biconditional). The
order of individual rules end palrs of rules wers balanced
over all subjects, The relevant attribute values on sach
problem were chosen at random from the 54 possible palrs of
attribute value combinations of two attributes,

3, Stimuli, - The stimull consisted of geometrical designs

printed on 7 x 10 ocm, white cards. Designs varied according
to four attributes, with each attribute having thres values,

making 81 different patterns. The attributes and their values
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were colour (red, green, and black), shape (cross, circle,
and square), number of figures (1, 2, and 3), and number of
borders (0, 1, and 2). The 8l cirds were arranged on a table
before the subject in a ayatematlc 9 x 9 array.

c. Procedure and Instructions. - Ths details of the procedure

were sxplained in instructions which were given for the subject
to read on a typed sheet. The nature of the stimulus display
was described and a definition given of a “concept® as representing
" certain set of these cards." It was explained to the subject
that his task was to discover the set of cards which made up the
concept on each of four problems., For each problem, one concept,
consisting of a particular comblnation of two characterlstics
of these cards, had been chosens At the beginning of a problem,
the experimenter presented the subject uith the two relsvant
attribute values typed on a 8 x 13 cm. file card. Thus the
subject had to find the rule which deseribed the particular
combination or relationship bstween these two given attribute
values. The subject was told that the rule was not numerical,
but a logical one involving the presence or absence of one or
bath of the gliven characteristics. He was also told that
each of the four problems involved a different rule.

When the subject had read aloud the relevant attribute
values, he was presented with an initlal positive inatance

which was randomly selected for each problem from the subset
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of positive instances having both relevant attribute values.
The subject then selected cards, one at a time, to sach of which
the experimenter said "yes" or "no", according to whether his
cholce was a positive or a naegative instancs. The subject
could at any time voluntesr an hypothesis of the concept, but
only one hypothesis was permitted between successive card
choices. . When a correct hypothesis wss verbalized, the problem
was considered finished. The criterion of a correct verbalization
was that it should sccurately include all sards which were
members of the concept set, and excluds cards which ware not
members of thls sat. The instructions emphasized that the
subject should try to solve each problem with as few card
choices as necessary, but warnmed him not to guess at the concept;
time was not important.

2o Results

The results are summarized in Table 37 in terms of the
mean and standard deviation of the number of card cholces
to solution for each ruls. An analysis of variance was performed
on this data transformed by a sgquare-root transformation to make
the variances more homogensous. A significant effect was
pbtained on this analysis for conceptual rules, F (3,33) = 9,47,
p <.001. A summary of thils analysis is given in Table 38,
A post hoc analysis using Newman-Keuls multiple range comparisons

revealed significant differences between conjunction and inclusive
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Conceptual Rule

Inclusive ;
ConJjunction disjunction Conditional | Biconditional

Mean trials to

solution 9.6 18.3 23.6 33.7
S.D. trials to

snolution S5.b 11.9 15.8 16.4
% negative in-
etances salectad 48.6 20.5 24,5 42.9

TABLE 37,

Number and type of instances selacted on rule-lsarning.

Source of variation S.5. D.Fe | M.S. F P
Betwsen subjescts 33.63 11

Within subjects 9%.13 36

Rules L3,56 3 | 14,52 | 9.47]|<.001
Residual 80.57 33 1.53

Tatal 127.76 L7

TABLE 38. Analysis of variance on trials toc solution data

transformed by a square-root transfaormation.

disjunction (p <.05), conjunction and conditlonal (p<.01),

conjunction and biconditional (p<.0l), inclusive disjunction
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and biconditional (p <.05), and conditional end bicanditional
(p< .05)s Thus the ascanding order of difficulty of rules
was conjunction, inclusive disjunction, conditionzl, and
biconditional.

The typs of instsnces chosen uere also examined and the
mean psrcentage of nagative instances selascted for each rule
can bs assn in Table 37. These percentages may ba compared
with ths percentage of negative instences in thes stimuluse
population for sach type of congept - conjunction 88.9%,
inclusive disjunction 4&.4%, conditional 22,2% and biconditional
L4 4%, A Bign tast indicated that a significantly smallar
percentage of nagativa instsnces usre selected than ware present
in the stimulus populstion for conjunction (p <.001), and for
inclusive disjunction (p< .001l). Spesrman rank corralations
were computaed for each conceptual rule betwesen the pesrcentage
of negative inatances sslected and the number of card choices
to solution, but no significant correlations were obtalned,

Instences wers aleo analyzed into those containing
both, sithar one, or neither of the glven attribute valuee,
The mean percentags of each of these four classas of
inatsnoss aelectad is glven for sach rule in Table 39. Theee
percentages cen be compared with the percentages of each class
in the stimulus population « VT 1l.1%, TF 22,2%, FT 22.2%,
and FF Lh.,4%, A sign tsat showsd that subjects salected
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a higher percentage aof TT instances (p <.0l) and a lower
percentage of FF instances (p<.0l) for sach rule; haouwaver,
there wers no differences found on any rule between the percentage
of TF and FT instances sslected and prasent in tha stimulus
population, Thepe were no significant correlationa hetuwsan

performance and the percentage of instancss selected from

any class,
Truth tabla class
7T TF FT FF
Caonjunction 505 19.3 19,5 10.7
Inclusive disjunction | 20.2 27.7 21,6 20,5
Canditional 2h6 22.3 24,5 28,6
Bicendltlional 2L.2 22.4 20.5 32,9

TABLE 39. Mean percentage of instances sslected from each

stimulus class for each ruls,

3. Discussion

The results indicate that the order of difficulty of rules
on a rule-lesarning task using a selection procedurs is conjunction,
inclueive disjunction, conditional, and biconditional. This is

the same order as has besen found in other studlaes using the
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reception procedurs. On the othaer hsnd, the order obtalned
by Giambra (1970) has not besn replicated. Furthermoras, the
account advanced by him of a relationship betussn relative
difficulty and the percentage of positive and negative instancaes
sncountered 1s not supported, although, on this latter point,
1t must be acknouledged tha data is only slight, On this
svidence no axplenation can be found for Giembrae's rssults.
The present findings euggset that the ordsr of difficulty of
rules is unaffected by tha typs of procsdurs employed.

shat kinde of explanstions can tharefore ba propossd
to acoount for ruls differences? 8ome possiblilities (Bourns,
1970) can be eliminatsd immediatsly. Ths first possibility
suggoets that rules are soquirad by the rots leerning of
stimulus pattern-response category sesigmments. Since thers
are the same number of stimuli (B8l1) and ths sama number of
rasponses (2) for sach rule, from this explanation we would
expect no difference betuween rules, which is plainly false,
A second suggestion is that rules mey ba acquired by focueeing
on positive instances only. In thia case the fewar the numbar
of positive instances on a rule, ths sgonsr is that rule likely
to be lsarned. Thus ths order of rules should be conjungtion
(9 positive instances), inclusive disjunction (4S) and
bigonditional (k5), and conditional (63), which again does
not correspond to the obtainsd order, A third possibility
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is that rules are learned by focussing on the smaller and less
variable of the two categories, positive or negative. 0On
this argument, conjunction should be the easiest ruls, conditional
next, and inclusive dilsjunction and biconditional most difficult.
Once again this is not the order found. A fourth possibllity
comes from a suggestion advanced by Nelsser and Weene (1962)
that concspte are hierarchically organized into thres levsls,
in which the operations involved for higher level concepts are
based on rules present in lowsr level concepts. Level 1 is
composed of affirmation and negation, Level 2 of conjunction,
inclusive disjunction, conditional, disjunctive absence,
gonjunctive absence, and exclusion, and Level 3 of bicondltional
and exclusive disjunction. This esccount is unsatisfactory
for the present findings insofar as it 1s unable to sxplain
differences between conjunctive, inclusive disjunctive, and
conditional rules. A fifth possible explanation which can
also be rejected is that subjects acquire rules by a truthe
table strategy (Bourne, 1970) in which instances fram each
stimulus class in the truth table are sampled. For this
optimal strategy no rule differsnces are expected, which is
not true for the naive subjects in this experiment.

Twe interpretations seem more plausible on the evidsnce
presented, The first suggests that a nalve subject brings

to the task a predisposition for solving for conjunctive concepts.
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This conjunctive tendency involves three assumptions: (1)
TT stimuli are pasitive, (2) TF and FT stimull are both negative,
and (3) FF stlmuli are alsc negative. Because of these implicit
assumptions, conjunctive rules should be the easiest to acguire.
Apart from confirming this prediction, two other aspects of the
present experiment lend support to thls proposal. The first
comes from an examination of the hypotheses made by subjects
during the task. On almost all problems the first bidimensional
hypothesis made involved conjunction. Secondly, in most cases
subjects selected only from TT, TF, and FT stimulus classes
prior to their initial hypothesis. Morsover, for all rules
the proportion of TT instances selected was higher and of FF
instances lower than the proportion of thess types of instances
in the stimulus population, This is what would be expected
if subjects were using a conservative focussing strategy for
which the initial positive instance (TT) was taken as a focus.
If such a strategy was used, then it might be predicted that
fewer conjunctive solutions should be hypothesized for inclusive
disjunction where TF and FT are both positive. On this rule
7 of the 12 subjects were correct at their first attempt.
On the conditional, subjects who tested FT instances prior to
their first hypothesis sometimes tended to ignore one of the
relevant attribute values presented at the beginning of the problem

and to postulate the solution as a single attribute value affirmation.
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Since TF and FT instances are chosen in the course of conservative
focussing, it is to be expscted that the truth values of these
instances should be learnsd sooner than for FF lnstances.
Accordingly, those rulss for which the third assumption that
FF stimuli are negative is invalid will tend to prove more
difficult than those rules for which thls assumption is true.
Thus, conditional and biconditional rules should be more difficult
than conjunction and incluslve disjunctian, Inclusive disjunction
ig more difficult than conjunction because it contravenes the
second assumption that TF and FT stimuli are negative. That
is, the conjunctive rule may be proposed even wlthout testing
TF and FT instances, but the disjunctive rule 1s never suggested
in absence of information about the truth values of these
stimuli. The conditional seems to be less difflcult than
the biconditional for two reaseons, Firstly, because his
findings on the truth values of TF and FT instances gliminate
conjunctive and disjunctive rules as possible salutions, the
conditional subject is led to test FF instances sooner than
biconditional subjects who try FF instances anly after exhaustive
examination of the other three classes. In the present experiment
tha mean number of trials selected to the first FF instance
was 11.6 for the conditional and l&4.4 for the biconditional.
Secondly, even when an FF instance 1s encountered subjects

on the biconditional require more trials to solution (15.3)



273,
than canditional subjects (12.0). Clearly subjects find
some difficulty in accepting the possibility the TT and FF
instances belong to the same category when other instances,
TF and FT, represent a different category.

More work is necessary to axamine this interpretation
further. It may well be asked how 1t is that subjects display
@ tendency towards conjunctive solutions instead of disjunctive
or conditional or biconditional solutions. One answer to
this guestion is to say that conjunctive concepts are more
familiar and mors common in everyday thinking than other types
of multidimensional concepts. Evidence in support of this
contention is rather difficult to find. Perhaps one relevant
agurce of information is the freguency of the connectives,
"and", "or", and "if", in the Thorndike-Lorge (1944 ) word-count.
The Lorge magazine count indicated 138,672 occurrences of "and"
in &% million words, 14,851 occurrences of "or", and 14,506
pccurrences of "if%, which clearly supports the contention.

Other research may seek to confirm the use of a canservative
focussing strategy inferred in this sxperiment. For example,
if coneervative focussing is less apparent whan a random array
of stimull is displayed, the effect of randomizing the array
may be to increase the likelihood of sampling from the FF class.
The result may be a reduction in the relative difficulty of

the conditional and biconditional. A secand suggastion is
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to coneider the effect of the type of initial instance on
differences between rulss, If subjects tend to use conservative
focussing from the initisl inetancs, different predictiaons
may be mads depending on the class of the initial instance.
In the present experiment the given instanceums from the TT
stimulus class,. If the initial instance was drawn from the
FF class, howsver, we would expect more FF instances ta be
chosen which should lead to the conditional and biconditional
becoming relatively less difficult, Similarly, if an FT
instance was chosen as the lnitial instance, inclusive disjunction
and conditional should be relatively sasier. If the initial
instance was from the TF class, inclusive disjunction should
be the rule to be most facilitated.

A second interpretation of rule differences involves a
modificetion to Neisser and Weene's (1962) proposal that conceptual
rules may be hierarchicslly organized into three levels. This
proposal is based on the observation that complex logical rules
can be broken in several component operations., At the flrst
level is the simple affirmation or negation of a singls attribute
valug; Levsl 2 contains rules formed by a single conjunction
or disjunction of two attribute values; Level 3 consists of
those rules which require a combination of conjunction and
disjunction. Neisser and Weene assume that rules on each

level of the hierarchy do not differ in difflculiy, but this



assumption has already besn stated to be unsatisfactory.

Not making any such assumption has implications which seem

to fit the data much better. If we suppoee that inclusive
disjunction is more difficult than conjuncticn, and negation
is more difficult than affirmztion, and if we further suppose
that these four rules reprasent the fundamental operations

in which 21l other rules are expressed, then the difficulty
of the conditional and the biconditional may be predicted

by the number of fundamental operations required to produce
the same classification of instances, Thus the conditional,
p»q, may be expressed s the disjunctive combination of two
componente whare one component is negated, P Ug.e Similarly
the biconditional, p<>qg, may be analyzed into two negations,
two conjunctions, and one disjunction, (pngq) U (png). The
generality of this interpretation needs to ba tested for
other rules,.

Examination of the verbalizations of concepts by subjects
in the present experiment confirms the choice of affirmatlion,
negation, conjunction, and inclusive disjunction as fundamental
operations. None of the twelve subjects when verbalizing
thelr concepts for the conditional and biconditional rules gave
their responses in the conventional "if,...then" and "if and
only if" forms. For the conditional a variety of verbalizatio

were given. The most common (3 subjects) involved a disjuncti
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rule in which one attribute valus was negated; two subjects
exprassed solutions in terms of one conjunction plus two single
attribute affirmations; one subjesct used one conjunction plus
one negation another subject gave the solution as a negated
exclusion rule; several other verbalizations were also noted
for individual subjects, For the biconditlonal the most
common form (9 subjects) in which the concept was expressed
wes, for example, "black and two flgures, or, not black and
not twn filgurss".

This interpretation of rule diffsrences in terms of a
modified structural hierarchy of rules still leaves unansuered
the questions: (1) why are affirmation, negation, conjunction,
and disjunction fundamental operations, and (2) why 18 disjunctiaon
more difficult than conjunction, and negatlon more difficult
that affirmation. (The evidence for disjunction being more
difficult than eonjunction has alrsady been presented; a
suggestion that negation is more difficult than affirmation is
found in Jones (1966)), The answer to both gusstlons sesms
ta be familiarity. That is, these rules are fundamental rules
because subjects encounter them most often in thelr everyday
experiencs. Further, any differences bstween thess fundamental
opsrationa ia again attributable to one of them occurrlng more
commonly than another. Support for these assartions may be

found in the Thorndike-Lorge (1944) word-count tables. A
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query may be raised in this respect about condltionals and
biconditionalsj why are they not basic operations since nife
is guite common in language? Wason (1966) has made 8 suggestion
about the logical meaning of the connective "if ... then" which
seems to indicate why not. Wason's proposal is that when a
subject forms a santence like"if p then g, the truth-table
function of this santence is not the same as that given in
propositional logic in that there are three truth values -
trus, false, and irrelevant - instsad of only tuwo. Thua the
truth function is pg true, pg false, pg irrelevant, and G]
irrelevant. Wason is not the first to consider this problem:
most logle textbooks (8.g., Jeffrey, 1967) make mention of 1lt.
Nor is his proposal of s three-valued logic new: the feasibility
and implicatione of such & system are currently being debated
by a number of logicians (8.g9., Woodruff, 1970), If the
logical meaning of the sentence, if p then g, is in doubt,
then so must it be for the biconditional sentence, p if and
only if g, which is logically two conditienals, if p then g
and if g then p., Extending Waeson's proposal to the biconditional,
ws would expect the truth function to read pg trus, pq false,

Pg false, and pq irrelsvent. The obssrvation made in earlier
experiments on ettribute idsntificatlon (see Experiment I)
wherein clarification of the type example of a conditional

rule was required when 1t wss glven in the instructions in
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the form, "if a card is green, then it must be sguare to be
a member of the concept" and aof a bicondltional rule given
in the form, "green cards are members if and only if they
are squares" reinforces the doubt on the logical meaning of
these connectives,

In an attempt to learn more on this question of the truth
functions of the conditional and biconditional rules an experiment
was devised in which subjects were presented with three concepts
involving the same two attribute values, but three different
rules, The rules were conjunction, conditional, and biconditional,
and were expressed in their conventional form. The subject's
task was to try to discriminate between these concepts by
selecting instances from a stimulus display systematically
arranged in front of them. If subjects possess the truth
functions fer these three rules which is given in propositional
calculus, then several strategies may be used, One may be
to test instances, one from each of ths four stimulus classes
1T, TF, FT, and FF. The appropriate rule may then be determined
from the truth values assigned to sach stimulus class. A more
efficient strategy would be to choose an instance from sach
of the two stimulus classes for which the three rules predict
different truth values, that is, FT and FF. On the othser
hand, if subjects possess the truth functions claimed by Wasaon

for the conditional and extended for the biconditional here,
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then no discriminetion betwsen the three conceptual rules
is passible,

Experiment XII: Discrimination between conceptusl rules,

l. Mathod

2, Subiscts, - Ths subjects wers 12 undergraduates randomly

selected from the subject pool of first-year psychology students
at the University of Adelailde, Nons of the subjscts, according
to their student record cards, was currently or had bsen
previously enrolled in a course in which instruction in loglc
was given. Furthermors, none of the subjecta had previously
taken part in = concept learning experiment.

b, Stimuli, - The stimuli were the same as those used in

Experiment XI.

c. Procedurs snd Instructione. - The instructione explained

to the subject that he was to be presented with the "neceseary
and sufficisnt® specifications of three different classes within
the set of cards displayed befors him. Ons of thess classes
had been chosen by the experimenter and the task of the subject
was to find which ona. To do this he wae to choose cerds,

one 8t a time, to each of which the experimenter would indicate
whether it wes in the particular class chosen or not, The
subject was told that the time taken was unimportent, only

the number of carde rsguired to discover the class, Only

one attempt at the class would be allowed.
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Following these instructions a 12.5 x 20 cm file card
was prusented to the subjJect on which were typed three sentences
specifylng the thres classas, The sentences were:
(1) Cards which ars green and sguare are members of ths clasaj
(2) If a card is green, then it must be sgquare to bs a member
of the classj
(3) Green cards are members of the class if and only if thsy
gre squares.
1t was decided in advance by the sxperimenter that the relevant
class would be the third or biconditlonal. It was felt that
if subjects could succesesfully identify thls class as the one
chasen, then this constituted evidence aof thelr possesaion of
a truth functlon similar to that in propositional calculus for
the thrse rules examined,

2e Results and Discusslaon

None of the 12 subjects was successful in discriminating
betwsen the three sentences as they referred to ths stimulus
display before thems This result is significant on a binomial
test (g<.001). Indeed, only two subjscts evaﬁ began to
select cards as instructed, and even they gave up because
they could not see any difference betwsen the sesntences wlth
regard to the class specified, given that these were the necessary
and suffielent specifications of the class, These subjects

wondered whether perhaps more information was nesded on the
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conditlional sentence to know what class cards which were not
green belonged. When asked to describe the class indicated
in each sentence, all subjects described ths set formed by the
intersection of green and sguare for all three sentences.

That is, the only true category in the truth function for each
of these sentencas is pg.

It is clear then that the truth functions for *if, then®
and "if and only if" connectives are not the same as those
expected from propositlonal calculus, Rather they would
seem to resemble more the truth functions suggested in Wason
(1966) and in this chapter. Further examinatlan of the nature
of the truth-table functlon for conditlonal sentences is made
in the next chapter.

On the present findings the conditional and the biconditiaonal
are obviously precluded as fundamental operations in the sams
sense as affirmation, negatlon, conjunction, and inclusive
disjunction. For nalve adult subjscts these latter rules
appear to have "psychological truth functions" which are
equivalent to their truth functions in propositional logic,
Neimark and Slotnick (1970) and Neimark (1970) have investigated
the devaelopment in the understanding of thase connectives.
Their findingse are of interest to the present discussion,

They found that affirmation and negatlon were understood by

the majority of subjects, even by Amerlican third grade children.
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Conjunction likewlse was understood by the majority of subjscts
at all agss, except third grade, The proportion of each age
group correctly answering disjunctive items increased gradually
with age but this connective was not correctly understood by
the majority in any group except the college-age level. Other
findings by Neimark, houever, cast doubi on the second
interpretation of ruls differences considered here. For
gxample, no difference was found between comprehension af
affirmation and negation; morsover, there was no diffarencs
between conjunction, conjunctive abssnce, and exclusion rules.
This would sesm to militate against affirmation and negatlon
being considered separately, where negation is more difficult
than affirmation. At the sam= time disjunction appeared to
be more difficult than conjunction. Furthermore, inclusive
disjunction and disjunctive absence were found easier than
the conditional expressad as a disjunction with one component
negated, These results seem difficult to reconcile with a
structural hierarchy interpretation of rule differences.

Further svidence agalnst the structural hierarchy interpretation

comes from studies of inter- and intra- rule transfer effect.
It is to be expected from this interpretation that any rule
differences for naive subjects are chranic, since the number
of fundamental operations on each rule 1s unchanged. Transfer

of training studies indicate, howsver, that thess differences
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are only transient, disappearing when subjects are prssented
with a series of probleme hased on the same rule (Bourns,
1967, 1970), Moreover, when transfer takes place betwesn
rules, the transfer is usually positive (Bourns and Guy, 1968a;
Bourne, 1970); the largest positive transfer to a biconditional
rule is produced by training on the conditional, Parenthetically
it should be pointed out that tranasfer effects and ruls difficulty
are confounded in Experiment XI. In view of this svidence,
however, no change in the order of difficulty of rules would
be expscted for an experimental design sliminating these effects.
Indeed the outcome of such s deslgn should be to increase the
size of differences alrsady apparent.

1t seems unlikely that changes in the relative difficulty
of rules can be accounted for without reference to changes
in the strategies for acquiring these rules, The conjunctive-
tendency interpretation has suggested the typs of sirategy
which gives rise to rule differences in naive subjects,
Bourne (1970) has attributed the inter-rule and intra-rule
transfer sffecte noted above to the acquisition by subjects
of a simple, stimulus-coding or truth-tablestrategy for which
no rule diffsrences are predicted, Given two relevant attribute
values, the subject can codify an indefinitely large stimulus
population into four clesses corresponding to the four

contingencies of the truth table, i.e., TT, TF, FT, and FF,
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Thus, to solve any new rule-learning problem, the subject
negeds only to lsarn the assignment of these four classes fo
the two response categories, positive and negative, The
major divficulty in acquiring thils optimal strategy seems
to be to attend only to those dimenslons exemplified by the
ralevant attribute valuss which are glven, and to collapse
over lrrelevant variations in the stimuli (Bower and King,
1967). Several ways to overcome this difficulty have besn
suggested, For example, Bowsr and King found that requlring
subjects to verbalize a resson for each choice befors making
it facllitated solution, Bourne (1967) suggested a different
method, providing subjects with a sample pattern illustrating
the four stimulus classes and their response asslgnmsnts,

Implicetions for complete learning

In this chapter we have bmen concerned with conceptual
problems in whiech subjects are given the relevant attribute
valuss of the concept and reguired to learn the rule for combining
them, In earller chaptars subjscis ware given the rule and
required to identify the relevant attribute values, It may
reasgnably be asked what the findings from studies of rule
learning and attribute identificatlon contribute to an understanding
of behaviour on a task 1n which bath the rule and the relevant
attribute values are unknown, that i1s, complete conespt learning.

One fundamental gquestion in this regard is concerned with
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whether the difficulty of camplete learning 1s equal to the
sum of the difficulties of rule learning and attribute
identification., Very little attention seems to have been
devoted to this basic question and there is a need for further
research, However, according to Haygood and Bourns (1965),
the difficulty of complete learning measured by the numbers
of trials and errors to solution ie greater than the simple
sum of rule learning and attribute identification difficultles.
The increassed numberof trials and errors may merely be an
indication of a greater emount of forgetting of information
on the more difficult complete-learning task., On the other
hand, it may be suggestive of a gualitatively different strategy
employed on complete-learning tasks compared with rule-learning
and attributs-identification tasks.

What kind of approach to complete learning is appropriate?
Clearly a truth-table strastegy cannot be used since the relsvant
attribute values are unknown. Likewise a conssrvatlve
focussing strategy is inappropriate unless it is known that
the rule is conjunction, It would appear that the subject
has open to him at least two alternatives; (1) assume a
particular rule and thsn attempt to identify the relevant
attribute values, or (2) assume a particular sst of rslevant
attribute values and sttempt to formulate the particular rule

combining them, The findings from rule learning suggest that
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the former altsrnative is the more probable, Mast likely
subjects begin a complete learning problem by assuming a
conjunctive rule and then attempt to identify the relevant
attribute values for this assumed ruls. If the task conditions
are appropriates, a conservative focussing strategy will bse
employed in this endeavour. In the courss of these selections,
he may find (when a nonconjunctive solution is applicable)
exceptions to his assumed classificatian rule. From these
findings he may modify his strategy to determine the rslavant
attribute valuss, These modifications may occur several times
befors solution is attained, This desecriptive outline for
a complete-lesarning stratesgy makes ths assumption that subjects
know how many relevant dimensions there are in a concept., If
this informatlon 18 also not presented to the subject at the
beginning at a problem, furthar possibilitiss arise sonserning
tha esize of the set of relevant attribute values assumad by
the subjJect to be in tha concept.

Hunt, Marin, and Stone (1966) describe sevaral versions
of a model faor complete learning, This model differs from
the preliminary model outlined above in that the rule and tha
relsvant attribute valuas are acquired in parallsl instead
of sequentially., A basic version (CL5S - 1) of Hunt et al.'s

model 1s composed of the following steps:
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(1) A search is made for some characteristic or sat af
characteristics which appear in the descriptlion of all positive
inatances and never appear in the desecriptlon of any negative
instancs, The characteristic or set of characteristics so
found constitute the concept.
(2) 1If the procedure in step (1) cannst be carrlsed out, it
1s revsrsed, A search is made for a set of characteristics
which appsar in all negative and no pasitlive instances,
If such a sst 1s found, then the concept la the negative
aspect of this set.
(3) It steps (1) and (2) fail, note whlch characteristic
appears most freguently in the positive instances encountered,
Then aplit the avallable stimuli into two subsamples, ons
containing this characteristic, the other not cantaining
the characteristic. Then, treating these two subsamplee
as twp subproblems, proceed as bafora in step (1), etce.
No claim 1s made by Hunt et al. that thelr model is intended
as a reprasentation of the seguance of decisions which human
subjects make during complete learning. Clearly 1t wmakes
assumptions about memory capaclty which are gulie unrealistic
to attribute to human performance, Later verasions, howsver,
consider the effect of a system with limited memory capaclty.
A comparison made by Hunt et al., of the relative difficulty

of conjunction, incluelve disjunction, conditional, exclusive
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disjunction, and biconditional predicted by his model and
obtained empirically for human subjects indicated the same
order of rules in each case,

Other poseibilities have also been considered by Neisser
end weerne (1962). One approach which they were able to
eliminate was rote learning. Clearly a great deal more work
must be cone on complete learning before an adeguate understanding
of bshaviour on this task is possible. Research is needed on
the influence on performance of a number of task variables,
Some work has been done on rule differences (Neisser and
Weens, 1962: Haygood and Bourns, 1965; Hunt, Marin, and Stone,
1966) and avidence is also availabls on the effects of other
paramsters like positive and negative instances (Hovland,

1952) and instance gontlguity (Haygood, Sandlin, Yoder, and
Oodd, 1969), but information is lacking on interaction effects
between varisbles, Furthermore, a study should be undertaken
to explore transfer effects on complete learning, particularly
inter-rule transfer. Ta answer questions on the relatlonship
between complete learning on the one hand, and rule learning
and attribute identification on the other, it would also be
useful to investigate transfer from tralning on tasks involving

one or both of the latter to a task involving the former.

Implications for other problem-solving tasks

One of the outstanding features of research which has



2a9,

coma 0 bs included under the rubric of “"problem-salving®
is the wide varisty of tasks and technigues that have baen
devised, A recent revisu of some of these procsdures is
given in Bourne aend Battig (1966), Accarding to Duncan (1389),
sthis diversity is a major reason why the srea of problem
asolving sesms So chaotic, and is a esrious obstscle to
systematic progrese.® It ls suggested hars that some order
may be achieved out nf‘thla "chage® by regarding cancept learning
as continuous with problem solving, such that many of the laus
underlying bshaviour derived in experiments involving the
former may also he trus in the latter., Thus, many problem-
salving studies have bean concernsd with the effect of set
(2.g., Luchine, 1946; Saugstad and Raaheim, 1950) which can
be compared with the work on ths sallsnge of stimuli in concept
learning referred to in Chaptar 2, Other studies have
sxamined variablee such as amgunt of otimulus veriability
(8.g., Brush, 1956), concretsness or abstractness (8.Q., Lérga,
Tucikaean, Alkman, Spisgel, and Mgss, 1955a, 1955b), spatial
contiguity of problem alemants (e.g., Kay, 1954), stc,, all
of which have been examined in congept learning.

It ia further suggested that a number of problsm=-solving
studiss may be understood in terme of the rules which are

napsasary for combining the relevant elsmantea of a problsm,
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In some cases these rules may be numerical, but in others
logical relationships similar to those investigated in this
and preceding chapters may be identified. One obvious example
of this is an experiment described by Moore and Anderson (1954).
In their task the subject wae glven certain premises from which
he had to reach a specified conclusion through the use of given
transformational rules. Another example comes from the work
of Dienes and Jeeves (1965, 1970) on the solving of various
embodiments of mathematical groups. The application of logical
rules to problem solving will be illustrated by a consideration
of the latter example elted,

A mathematical group "is a set of elements over which
a binary operation is defined, which is closed, in the sense
that applying the operation to any two elements, another element
is obtained” (Jeeves, 1968). The mathematical group with two
elements, say & and b, has the rule structure given in Figure 7.

According to Dienes and Jeeves, "multiplying" by a leaves the

State
a b
Play a a b
b b a

FIGURE 7. A two element group.
"multiplicand" unchangad, and "multiplying" by b changes the

"multiplicand" from g to b, or from b to a. In mathematical
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group terminology the element which leaves things unchanged
is called the neutral element; the elsment which produces
the change is called the alternator. There is an alternative
way of viewlng thus rule structure, however. This is to
consider the two-group as equivalent to a biconditional rule
in which the outcome a is produced whenever ths same element
is present on the two variables, state and play, and the ocutcome
D whensver the elements for these two variables differ. Thus
we have two stimulus dimensions, state and play, on each of
which there are two values, a and b, and there are two responses,
a and b, which are fully determined by the particular combination
of stimuli chosen, If S represents the stats and P the play,
then the rule producing the outcome @ is given by gaéq'gﬁ.
On this reasoning we might expect some similaritiaé—betﬁgen
the behaviour exhibited by Dienss and Jesves'!s subjects and
subjects on a biconditional concept learning problem.

Dienes and Jeeves were not interested simply in the

behaviour of subjects in solving the two-group per se, but
in the effects of transfer to morea complex mathematical groups
formed from the two-group. We need consider here only those
groups with four elements, Two such groups can be conceived:
the cyclic or modulo & group in which thers is one two-group
subgroup, and the Klein &4 group consisting of two two-group

subgroups, The rule structures for these groups having four
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elemants are shown in Figure 8, 1In the abstract it 1s difficult
to formulate logical rules fer these complex groups to predict

the outcome of different combinations of stats and play.

State Btate
ks b [= d a b o x|
a a b c d a a b o] d
b b a d c b b a d e
Play Play
c C d b 8 c o) d & b
d d c a b d d c b a
le Cyclic group 2, Klein group

FIBURE 38, four slement groups

This difficulty 1s dus to the existence af four posaible outcomes
instead of the conventlional two in conceptual atudiss, However,
when the different slemants ars repressnted by aymbole which
suggest the subgroups embsdded within ths group, these rules

can be identifled more easily, For exampls, consider a four
group where g 1s represented by a yellow triangle, b by a yellow
circle, g by a blue triangls, and d by a blue circle, For the
Klein group two biconditionals may bs identified, ona involving
colours, the other involving shapes. Thus a ysllow outcome is

praoduced when ths sama colour is prasent on both variables,
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leeay § (V)P (V); similarly, a triangular shape is the
outcome whenever the same shape 1s evident ontoth variablss,
i.eey § (0)e»P (&), The finding thet the use of such
symbols facilitated performance on this task therefore is
not surprising, No comparable improvement was abserved with
the cyelic group, for which the biconditional provides only a
partial description of the solution to the group. A counting
rule gives a more adequate account. Thus, a leaves the state
unchanged, b changes the state by one position, c by two
positions, and d by three positionss This form of solution
resembles the operations conceived by mathematical group theory.
It is understandable that for the cyclic group subjects performed
best who utilized sn "operator" strategy, where one variable
was held constant whilst the effects of changing the other
were observed,

¥

On this argumantwperfurmance on the Klein & group should
show some similaritiss to the acquisition of a four-category
cancept involving two bicondltional rules, A task of this
nature may be sxpected to prove relstively difficult for at
least two reasons: (1) because tha biconditional has been
found to be a comparatively difficult concept to learn, and
(2) because the problem necessitates the learning of two such

concepts concurrently, With regard to the latter, Restls

and Emmerich (1966) have shown that this requirement places
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a greater load on memory and consequently produces a decrement
in performance on each concept. Offsastting these effects
is the fact that there are no irrelsvant stimuli, that is,
subjects have only to learn the correct rasponss to each
cumbinatinn of stimull, Mareover, the subject is informed
of the true outcome as well as the correctness of his response
on each trial,

The procedure employed by Dienes and Jesves for presenting
instances was somswhat unusual in two ways., Firstly, thelr
task was sp arranged that one of the variables, ths state,
could not be controlled by the subject unless he knew the
rules that he was supposad to be learning, Only the second
variable, the play, could bs manipulated by the subjsct.

Thus, the method of presentation of instances was neither
completely selection nor reception, but actually a mixture

of both. The relative difficulty of this type of mixed
procedure in comparison with the conventional selection and
reception procedures has not been investigated in concept
learning. An argument could be made, however, that such

a procedure where the subject has only partial control ovar
incoming information approximates more clasely to the conditlons
of learning in sveryday situations, It is suggested therefore
that selection and reception procedures should be regarded as

end-points of a continuum representing the degree of control
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that a subject has aver the saguence of instances encountered.
An experiment to investigate cancept identification as a
function of this variable needs to be done. A second feature
of Dienes and Jeeves's procedure was that before ths outcome
of a particular combination of state and play appeared on the
display, the state disappeared. Thus an additional requirement
of thelr task @s presented was for subjects to remember the
value of ane of the twn variables combined. Clearly such
a requirement wmust increass the difficulty of the problem,

The particular apparatus utillized by Dienes and Jeeves
(1970), whilst possessing the capability of a wide range of
mathematical groups of diffsrant complexity, is comparatively
restricted in the methods which ean be employed in presenting
the problem, The nature of their display is 1llustrated in
Figure 9, To examine some of the gquestions ralsed in the
preceding discussion an apparatus was developed which was
more versatlils with raespect to the variety of methods of
presentation avallable. With this apparatus it was possible
to present problems with up to four elsments using any one
of four procsdurss - complete selectlon, state selectlon
and play reception, state reception and play selsctlon, and
complete reception, Furthermores this apparatus enabled
subjJects to observe the comblnation of state and play and
outcome together, unlike Dlenes and Jeeves's machine whare

the same display panel was used to indicate the state and



FIGURE 9. Dilsplay of apparatus used by Disnes and
Jesvas (1970).






FIGURE 10, Display of apparatus employed 1n
Experiments XIII and XIV
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the outcome. As in the apparatus developed by Dienes and
Jeeves subjects could be presented both with the true ocutcome
and with feedback on thelr prediction of the outcome.
Alternatively the predictian panel could be blocked sc that
the subject passlvely ohserved the outcome to sach combination
of state and play, or the outcome panel could be omitted o
that the subject received information only on whether his
pradiction was right or wrong. A diagram of the full display
panel is shown in Figurs 10,

Sasveral exploratory experiments wsre run using the new
apparatus., One experiment sought to examline the effect of
providing subjecte with preliminary sxperlence in identifying
concepts involving the biconditional on subsequent performance
on the task of solving the Klein & group. Symbols ware used
to suggest the two subgroups or biconditionals in the group.
If subjects do solve this group as two blconditlonals, then
the effect of pretraining on this rule should facilitate their
performance relative to untrained subjscts.

Experiment XIII: Effect of preliminary training on the

bleconditional on the solving of a Klein & mathamatical_ggpup.1

l. Method,.

8, Subjects. - The subjects were 20 undergraduate students

? The assistance of Mr. Peter Young in the running of subjects

for this experiment 1s gratefully acknowledged.
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from the University of Adelalde, Ten of these subjects had
previously taken part in Experiment III in which they were
given extensive practice (25 problems) at identifying
biceonditional concepts, It was assumed that participation
in this earlier experiment constituted sufficlent pretraining
on the biconditional. The remaining 10 subjects had not had
any previous experlence in handling the biconditional and were
taken as the untrained group.

b, Stimuli. - The stimulus display was the same as that

illustrated in Figure 10.

c. Apparatus and Procedurs. - The spparatus was the one

described above and the display panel was identical to that
shown in Figurs 10. The complete selection procedure was
employed, Thus on each trial the subject could choose a
particular symbol for the state and fur the play which were
labelled X" and "Y" rsspectively. He then made his prediction
of the outcome of this combination, after which he activated

the "go" button wherseupon the true cutcome of the combinatlion
1it up as did one of two lights labelled "right® and “wrong",
indicating the correctness of the predictiaon,

d. Instructions. - The instructions were read to the subject

whe was seated in front of the machine. The subject was told
that he was abpout to play u game against the machlne. 8asically

thers were three columns of symbols, two labslled "X" and "Y"
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which could be selectad by turning knohs (demonstrate) and
one labelled "outcome™ which was produced by the combination
of X and Y. UWhen the "go" switch wes pressed, one of the
four outcome lights would come on as a result of the two symbols
which wers lit up for X and VY. It was explained to the subjsct
that he should play various combinations of X and Y and sae
what the respsctive answers or outcomes were. When he knew
all the answers the problem was solved, So that some idea
could be gained of the degres to which ths subject had learned
the task, he wase asksd to make a prediction of the outcome by
lighting up one of ths arrows in the "predicted outcome" column
so that it pointed to the answer he thought would be ohtalned,
bhefore operating the go switch. Solutlon of the problem was
ascertained when ths subject was able to predict correctly
for eny particular palr of symbols.

2 Results and Discusslon

The results showsd that the median number of trials to
solution was 25,5 for the group given pretraining on the
biconditional and 38 for the untrained subjects. ' Clearly
the differenoce bstwaen the medians is in the predicted direction,
but a Mann Whitney U tsst failed to show that thls diffsrence
was significant at the 5% level, The failure to find a
significant difference seems to be due to the poor performance

of two subjects in the pretrained group who required 78 and
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89 trials to solution, Possibly a slgnificant result may
have bsen obtained if more subjects were run,

Apart from any statistical reasons, the pretrained group
may not have been superior to ths untrained oroup as expected
because of ths type of preliminary training they received.

For the Klein group in this experiment there were no irrelevant
attributes,. The subjectts task therefore consisted of learning
the appropriate outcome to each combinatiorn of the attributes

of shape and of colour, & task which appears more akin to a
ruls-learning situation than the attribute identification
problems on which preliminary training was given. A subjsect
who has acquired the truth-tsble strategy described earlier

in this chapter should require a maximum of 8 triasls to solve
the group. In othsr words, more marked transfer may have
occurred if pretraining had been on rule learning,

Another sxperiment sought to assess the effect on psrformance
of the partisl selsction procedure of Dienss and Jeeves 1in
comparison to the complete selection procedure for the present
apparatus, It will be recalled that two differesnces exist
between the two techniques for presenting the task. Flrstly,
subjects are not permitted on the Dienes and Jeeves apparatus
to control both the state and the play, only the play. Secondly,
subjects on the Dienes and Jeevss machine cannot aobserve

simultaneously the state, the play and the outcome, unlike
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subjects on the pressnt apparatus. It was argued prevliously
that these differsnces, espescially the latter, should lead
to poorer performance in Dienes and Jesves' experiments than
on the machine described here,

Experiment XIV: Effect of method of presenting instances on

the solving of a Klsln & mathematical group. L

1, Mathod.

8. Subjects. - The subjects were 40 undergraduates students

from the first-ysar psychology subject pool at the University
of Adelaids, No subject had previously taken part in an
experiment on concept learning.

b, _Design. - Half the subjectes were regquired to solve the
Klein & group using the apparatus described in this chapter.
The othsr subjects were presented with the sama problem but
on the machine used by Dienes and Jeeves (1970).

c., Stimuli. - The stimuli for each apparatus wers ths same

as those presented in the previous experliment,

de Instructions and Procedure. - The instructions te subjects

were similar for both groups of subjects. They hegan by

explaining the operation of the maching, and then defined

i The assistance of Mr. Peter Young in the running of

subjects for this experiment 1s gratefully acknowledged.
The author alsc wishes to thank Professor M. AR, Jeeves
for permiselon to use his apparatus,
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the object of the task. The details of the instructions
were similar to those given in the préuiuua experiment,
Prablem solution was ascertsined when the subject could
predict correctly for any pair of symbols in the state and
play. The task was concluded after 120 trials if solution
had not occurrsd before this tims,

2e Results and Discussion

The results are summarized in Table 40 in terms of the
means and standard deviations of the number of trials to
solution for the two groups of subjects. The data for the
Dienes and Jesves machine group include these of three subjacts
who had not solved the problem by 120 trials., A unrelated
samples t test was used to compare the performance of the
two machines, This showed that subjects on Tapllin*s machins
required significantly fewer trials to solution than subjects
on the Dienes and Jesves machlne, t (38) = 4.69, p<.00l.

Dienes and Jesves'! apparatus Taplints apparatus
Mean 72.8 37.7
8.D. 25,9 15.9

TABLE 4O, Number of trials ta solution of a Klein & group
using two different procedures for presenting

the prablam.
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This finding indicates that ths solving of a mathematical
group is a function of the method by which the problem is
presented. The present experiment, however, does not enable
us to say specifically whether the improvement in performance
is dus to either one or both of the two procedural differences
noted in the introduction, Further experiments using the
Taplin apparatus and comparing the complete selection procedure
with a partial selection procedure where the subject can observe
simultansously the state, the play, snd the outcome should
permit the role of each procedural differsnce to be determined,
Other pilot studies have been carried out on the apparatus
devised, For example, ths task was made a little more difficult
by allowing the subject feedback only on whether his prediction
was right or wrong; no information was provided on the true
outcome in the event of & wrong predictlon. As expected,
subjects required more trials to solution; for 12 subjects
the median number of trials to solution was 55. It was noticeable
that some subhjects under these conditions commonly did not attempt
to find the correct outcome aftsr an incorrect prediction had
been made. This may be indicative of an hypothesls-testing
approach to the problem where failure of = prediction results
in rejection of the hypothesis and the sampling of anather
consistent with the existing information. Where the subject

did seek the correct outcome, he employed a diresct test of
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every possible outcome until a correct prediction had bsen
made., This oceurred even when 3 of the 4 predicted outcomes
had been found to be wrong. In general, subjects displayed
a tendency to change one variable at a time, except in thoss
cases where they were examining the cutcoms when X and Y had
the same values, or where they were testing whether X and Y
wers commutative. From the comments made during the task
it was evident that the problem was solved as a serles of
sub-problems, sach af which had its own rule for solution.

For example, a number of subjects discovered early in the

task that when X and Y had the sams symbol the outcome was

a yellow trisngls, They did not infer from this that the

same colour yields yellow, and the same shape produces triangle.
Instead they went on trying combinations to learn that a
different shape and a different colour on X and Y gave a

blue circle, and so on for the other ocutcomes. The failure

to see the connesction between the varlous sub-problems was
further seen by the difficulty that subjects had in retaining
rules which they had previously learned,.

Clearly a more systematic program of research needs to be
pursued in order to investigate adequately the approach to
problem solving sdvocated hers, What it is hoped has been
demonstrated is the potential of this approach in ralating

some of the mpparently unrslated studles in this area to the
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work on concept learning. At the same time the attempt
to account for problem solving in this way may raise guesations
for investigation in concept learning which have hitherto not

been considared.
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CHAPTER 7

LOGIC AND REASONING

Inductive and deductive reasoning

In previous chapters we have been concerned with the
acquisition of concepts by a process of inductive reasoning.
An inductive argument is one which aims at establishing a
true conclusion on the basis of true premises, where the content
of the conclusion goes beyond the content of the premises,
That is to say, we have been examining the attalnment of a
concept from eviﬁence in the form of instances, where the
concept is supposed to apply not only to the particular instances
selected but also to all the other instances in the stimulus
population.

The conclusion of an inductive argument is acceptable
if (1) the premises are true, (2) the argument has a correct
form, and (3) the premises of the argument embody all available
relevant evidence (Salmon, 1863). Examples of the effects
of the failure to fulfil the first and third conditions on
concept learning can be readily seen in the experiments described
here, Thus, the role of memory may be understood in terms
of the first condition. Concepts are more easily identified
when the instances (premises) are correctly retained.

Confusion in either the particular attribute values or the
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truth value of the instance may lead to & wrong hypothesis
of the concept being proposed. The importance of the third
condition is apparent in at least two ways. Firstly,an
incorrect conclusion may be due to a failure to sample sufficient
instances in the stimulus population. As a conseguence there
may be more than one hypothesis which can logically describe
the instances chosen. Selection of one of these hypotheses
as the concept therefore carries a certain probability or
risk of error. Secondly, an incorrect conclusion may be
due to a bias in the sampling of inatances in ths stimulus
population. An obvipus exampls of thls is seen in the work
on rule learning. Unless instances are selected from all
four stimulus classes, TT, TF, FT, and FF, there is some
likelihood that the hypothesis which the subjsct proposes
on this task will bs wrong.

Little, however, can be said on the basis of the present
experiments about varying the form of the argument. On the
gurface it would ssem that all inferences should be of the
universal enumerative induction types all observed A's are
B's; therefore all A's are B's., The instructions were
partly intended to cause subjects to assume this form of
inductive reasoning. However, other forms are also possible,
For example, thers may be a tendency arising from the fact

that very few universal empirical truths are encountered in
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everyday thinking, for subjects to reasan in the form of a
prevalence generalization. A prevalence generalization
expresses the inference, A's are B's, with such qualifiers
as "generally", "usually®, *probably®, "tendency", "mostly",
and so on. The likelihood that this type of reasoning is
involved, particularly during the sarly stages of the learning
pracess, can be shown by an illustration. Consider a subject
agt the task of identifying the conjunctive concept, red and
sguare. Initial selections made by the subject may inform
him that red cards ars sometimes members of the concept.
Further selections then indicate that square cards sre also
sometimes membera of the concept. When these two prevalsnce
observations have been made, the subject is then in the posltion
of being eble to combine them to form the universal generallzation
that all red and square cards are msmbers of the concept.
More complex illustrations can be similarly concelved far
other coneeptual rulss., Discrimination between universal
and prevalence inductions, even from subjective reports, 1is
likely to prove difficult since both forms of generalization
may sometimes be expressed without any explicit qualifier
(Ennis, 1969). Arother type of inductive argument, probablilistic
generalization, is also possible but doss not seem generally
applicable to the types of concepts investigated here. A

probabilistic generalization expresses the inference, A's are
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8's, as a ppobability m/n, This form of reasoning seems
more appropriate in taasks involving statistical or probabilistic
concepts. Once again, however, prevalence generallzation
1s probably involved, at least in the early stages, of such
tasks, Some studies of probabilistic concept attainment
have been performed (s.g., Bruner, Goodnow, and Austin, 19506;
Mandler, Cowan, and Gold, 1964; Bourns, 1963), but no attempt
will be made to review them here.

Another sort of reasoning, involved perhaps to a lesser
extent in concept lesarning yet nonethelsss important 1n thinking,
is daeduction, In deduction, unlike induction, the conclusion
is supposed to follow necessarily from what 1s gilven, There
is no intention to extrapolate beyond the content of the
premises, Hsnce for a deductive argument the conclusion
is valid if (1) the premises are true, and (2) the argument
has a correct form (Salmon, 1963), In contrast to an inductive
argument the validity of a deductive argument is unaffected
by any additional evidence. A laglecsally corrsct inductlve
argument may have true premises and a false conclusion; =a
logically correct deductive argument with true premises must
have a true conclusion.

One instance of deductive reasoning considered in the
foregoing investigation of concept learning 1s to be found

in the chapter an hypothesls testing. Here subjects were
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viswed as evaluating an hypothesis by the testing of a prediction
made by that hypothesis about a particular stimulus. If the
hypothesis is true, than the prediction about the state of
the stimulus is true, represents tha form of reasoning.
Finding that the prediction is trus or false has certailn
implications for the truth of ths hypothesis, In particulsr,
if the prediction is false, then the hypothesis is alsa false,
On the other hand, if the prediction is trus, the hypothesis
thereby achieves a greater degree of credibllity. If and
when subjects exhibit behaviour of this sort, they are employing
a form of deductive reasaning known as conditional reasaning.

In this chapter we shall examine tha nature of human
deductive reasaning and some of the var;ablea which can affsact
the loglcality of this process. To begin, however, 1t is
necessary to describe the two major types of deductive reasoning
(Ennis, 1969).

Types of deductive reasaning

) Class reasoning

Before discussing class reasoning, we must first explain
what is meant by a categorical statement or proposition. A
categorical statement contains two terms, a subjsct term and
a predicate term. Each term stands for a class of things.
This, "A's are B's" is a categorical statement. The content
of a categorical statement depends on the classes rsferred

to by the subject and predicate terms. Four forms of categorical
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statements can be produced, and these have been traditionslly
denoted by ons of the first four vowels. Type A is the universal
affirmative, and is of the form, "all A's are B'a"; type E
is the universal negative which has the form, "no A's are B's";
type I is the particular afflrmative and reads, "soms A's are
B's"; and type 0, the particular negative, is expressed "some
A's are not B's%, Categorical propositions then may be universal
or particular, and affirmative or negative. It should be
realized that there is more than one way of expreseing each
statement, The above forms are merely those adopted conventionally
in discussing each type; a list of equivalent expressions of
A, E, I, and O propositions may be found in Salmon (1963).

We may note here that the converse of a categorical
proposition 1s not necsésarilv true, By converse is meant
the interchanging of the subject and thepredicate. The converse
of E is necessarily trues if no A's are B's, then obviously
no B's are A's, The converse of 1 is also necessarily trus.
But the converses of A and O propositions are false. A simple
method of finding the truth or falsity of the converse is to
use the Euler's circles technigque. This approach will not
be describad here, but can be found in many elementary loglc
taxts (Ennis, 1969).

Class or categorical reasoning occurs in arguments composed

entirely of categorical statements. Apart from the converse,
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the simplest categorical argument is the categorical sylloglom.

A spyllopism is an argument with two premises and a conclusion,

In a categorical syllogism the premlses and the conclusion are
each composed of statements connecting two terms of classes,

yet the whole syllagism has only three different terms., One

of these terms occurs in both premises and is called the

"middle term"; the other two terms, "end terms", occur in

only one premise and in the canclusiaon. Thus, a gsneral
illustration of a categorical syllogism is the followling:

A's sre B's; B's are C's; thersfore A's are C's. In this

case the conclusion is valld. However, other arguments may

also be considered where the conclusion does not logically
follows for example, A's are C's; B%s are C's; therefore,

A'a are B's. Thus, many forms of syllogisms can be conceived,
some of which are valid, others invalid. The validity of a
syllogism depends on two things; firstly, which of the four
types of categorical statements are involved, and secondly,

the positions of the middle tsrm and the end terms. Twp systems
have been dsveloped by logicians to assist 1n determining the
validity of a syllogism. The first technigue is Euler's circles
and a discussion of this can be found in many introductory logic
texts (e.0., Ennis, 1969), The second is a system of three rules
based on a concept of distribution (Salmon, 1963). A term is
said to be distributed in a categorieal statement if that

statement says something about eazh and every member of the
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class that term designates. It is outside the scope of this
discussion to explain further the meaning of this concept or
how it is ueed to derive the rulss for testing the validity of
a syllogism. Let us simply assume that the subject term of
a universal statement 1s distributed, the predicate term of a
negative statement is distributed, and all other terms are
undistributed. Then the three rules for a valid syllogism
ares (1) the middle term must be distributecd exactly once;

(2) no end term may be distributed only once; and (3) the
number of negative premises must equal the number of negative
conclusions. Any syllogism which violates one cr more of
these rules is invalid.

More complex types of class reasonlng may also be found,
Such arguments involve ths drawing of a concluslon from more
than two premises. In many cases these arguments may proceed
in a series of steps where each step constitutes a syllogism.
Except for the first step, one of the pramises in the syllopism
is the conclusion from the previous syllogism. Qf course,
such complicated arguments need nat be linear but can involve
branching, for example, when the conclusions of two separate
arguments ars used as the premises for a third argument.

2e Sentence reasgning

This type of reasoning differs from class reasoning in

that the basic units are not classes but sentences. The
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important factor in sentence reasoning is tha connective linking
the sentence units, Several types of connectives may be
utilized. If p and q are taken to represent the sentence
units, examples of connectives include conjunction, p and g,
disjunction, either p or g, conditional, if p then g, biconditional,
p if and only if g, conjunctive absence, not both p and g, and
so on. 1In short, they ars the same logical operators described
in Chapter 1.

Perhape the most important kind of sentence reasoning is
conditional reasoning, Before discussing ths varlious forms
of conditional arguments, let us examins firstly the nature
of conditional sentences. Cansider ths conditional sentence,
if p then q. In this sentence p is called the antecedent
and q the consequent. The content of the sentence is
determined by p and g, but the form of the sentence is due
to the conditional connective which places p and g in definite
relation to one another. There are many ways of expresslng
conditionals besides "if p, then g". Alternative forms include
g, if p*, "never p without gq", “unless g, p", "sither p or g",
and "all p's are gq", The lastmentioned form, 1t will be realized,
is actually the universal affirmative. Ons otheralternative
expression has been given a special name because of its
fundamental relationship to the standard form; this is

the contrapositive, "if g, then p."  For the conditional,
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the converse, if g, then p, is logically invalid.

Four basic formes of condltlonal arguments exist. Two
of these ars valid and the other two invalid.s In each case
thers are two premises and a conclusion, where one of the
premises is a conditional statement, The first typs of
argument is called "affirming the antecedent” or "modus
ponens", and hae the following forms if p, then g3 pj
therefore, ge This is a valid argument form, The second
type of argument is "affirming the consequent" and is given
in the following: 1if p, then g; q; therefore, p. This
form of argument 1s logically invalid, Thae third argument
form is “denying the antecedent®: if p, then qgj py therefore,
q « Again the conclusion is logically incorrect., The fourth
argument form is called “denying the consequent" or "mpdus
tollens"s if p, then g g3 therefore, P. In this case,
the conclusion does necessarily follow, end is therefors valid.
Further discussion of thess arguments can be found in any
logic textbock (e.g., Ennls, 1969).

Logic: =8 model of human reasoning

The preceding section provides an outline of deductive
reasoning according to a logician. The question arlses from

this as to whether logic is an accurats repressntation or

The expression, p, is equivalent to not pe
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rigecription of human reasoning.

It is clear that many early logiciens regarded logic as
the scisnce of the laws of thought, as "deducible fram a
consideration of the operations of the mind in reasoning"
(e.g., Boole, 1854; J. S. Mill, 1874; Kent, 1885). More
recent logicians, however, have rejected this view. For
example, Russell (1904) contended that thers is no necessary
relationship between human thinking and logic, that "throughout
logic and mathematics, the existence of the human or any other
mind is totally irrelevant', Schiller (1930) maintained
that syllogistic rsasaning "has nothing whatever to do with
actual reasoning, and can make nathing of it".

Some psychologists have also tended to place little
emphasis on the role of logic in human thinking. For example,
Bruner et al. (1956) suggested that "much of human reasoning
is supported by a kind of thematic process rather than by an
abstract logice The principal featurs of this thematic process
is its pragmatic rather than its logical structure”. Similar
suggestions have alsu been made by Morgan and Morion (1544) and
Lefford (1946), Other psychologists, however, have chosen
to accept logic as dascribing the fundamental ogperations of
thaught. Thus, Hunt (1962) and Haypood and Bourne (1565)
usad the propositional calculus to define the rules which
combine stimulli to form concepts. Likewise, Piaget (Piaget,

1957; Inhelder and Plaget, 1958) assumed that the various
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connectives between two sentences have the same truth functions
in thought as they do in logic.

The view to be taken here is that propositional logic
should be regerded as a model of thought. With respect to
deductive reasoning an important feature of such a model is
the clear predictions it makes about responses to problems,
Comparisons betwean these predictions and the actual responses
or products of human reasoning may then gnable us to suggest
madifications to the model which approximate more closely to
human functioning. To this end therefore we shall examine
some of the experiments which have investigated the logicality
of human deductive reasoning.

Variables affecting deductive reasgning.

1, Concrete versue abstract material

wilkins (1928) pressnted adult subjects with categorical
syllogisms using matarisls which differed in the degree of
abstractness or concreteness. Four types of materiels for
reasoning were tested: syllogisms with (1) femiliar and
concrete terms, (2) symbolic terms in the form of letters,
(3) unfamiliar terms in the form of leng words, and (4) familiar
and concrete terms where the logical conclusion was contrary
to everyday experisnce. Twenty items involving each type of
material were randomly presented. Each item consisted of

two premises and three different conclusions. The subject's
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task was to indicate which, if any, of the conclusions
necessarily followed from the given premises,

The results showed that Type 1 material was the least
difficult, More difficult were syllogisms presented in Type
4 material. Most difficult were the sylloglsms invelving
symbolic and unfamiliar (long words) material, that is, Types
2 and 3 respectively. It is pleusible to consider Types 1
and 4 as involving the more concrete terms and Types 2 and 3
as the more abstract terms. wWilkins' finding, therefore,
indicates that categorical reasoning is better with concrete
terms than with abstract terms. In general, subjects who did
well on one type of material also did well on the other types.
Nevertheless, there were some subjects for whom a change in
materisl did produce a significant change in performance in
relation to other subjects. Analyzing the difficulty of
particular items it was svident that all three rules for a
valid syllogism were disobeyed by subjects. The most common
fallacy involved the first rule which says that the middle
term must be distributed exactly once. Most subjects, howevsr,
detected the fallacy due to violation of the third rule which
says that the number of negative premises must equal the number
of negatlve conclusions., Typically these fallacies were more
common in abstract than in concrete material.

Morgan and Morton (1944) compared the use of abstract
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symbols and concrete words ("troubles,® "unpleasant", and
"insults") in syllogistic reasoning, Thirty-two forms of
categorical syllogisms wers presented using each type of
material and on each syllogism the subject had to choose between
five alternative conclusions - A, E, I, O, and "Nans of the
conclusions seems to follow logically", The results indicated
that on 18 out of the 32 sylloglsms different conclusions were
acocepted for abstract and concrete terms, In contrast to
Wilkins! finding, however, performance with concrete matsrial
did not appear to be logically superior to that with symbolic
material,

There seems to be some doubt, therefore, that concrete
material necessarily leads tao logically better performance
compared with abstract material. At ths same time the type
of conclusion deduced for the two types of material does appear
to differ, particularly for some forms of syllogisms. Tuwo
factors at least seem likely therefore to influence perfaormance:
(1) the form of the syllogism, and (2) the nature of the concrets
material. The second factor is included because Morgan and
Morton utilized one set of concrete terms; perhaps another set
of concrete terms may yield a differsnt result.

2 Attitude or belief held by subiect

In addition to her findings on the effects of concretanass

and abstractness on the validity of reasoning, Wilkins' data
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also suggested that fallacious conclusions were more likely
to be accepted when they wers compatible with the experience
of the subject and slso that valid conclusions were less likely
to be accepted when they were inconsistent with the subject's
experience, Her result, however, waes not decisive for two
reasaons, The first concerns the ambiguity of the notion of
the "suggestiveness®" of the conclusion. The second is that
only two-thirds of Type & items were designed to be suggestive
since it was fearsd that if all items were of this type then
subjects might learn the basis on which conclusions were either
true or false. Later experiments have overcome these deficlencles
and clearly demonstrate that subjects are likely to be aatisfied
with a fallacious argument if they agree with the conclusion
to which the argument leads, and conversely, that they ars
less likely to accept a valid argument if they disagree with
the conclusion,

Janis and Frick (1943) tested tws hypotheses derived
from the above proposition: (1) there are more errors in
judgments of the loglcal validity of syllogisms on "agree-
invalid" items than on "agree-valid" items; and (2) there
are more errors 1n judgments of the logical valldity of syllogisms
on "disagree-valid" items than on "disagres-invalid" items,
Subjects were presented with 16 concrete categorical syllogisms,

8 of which were valid and 8 invalid. Syllogisms were selected
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whose conclusion were anticipated to produce either gensral
agreement or general disagreement, with a minimum of neutral
attitude responses. After the sylloglsm test was completed,
an attitude test was given in which the conclusions of all
the syllogisms wers presented in random order and the subject
was asked whether he agreed or disagreed wlth them, The results
confirmed the two hypothesses,

Morgan and Morton (1944) investigated syllogistic reasoning
when the premises and the conclusions goncerned vital issues
under discussion in the mass media. Most of the problem
material wes related to aspectes of the war on which it was
expected subjects held strong emotlonal prejudices. This experiment
smployed the same procedure on sach sylloglsm as was described
in the previous section for Morgan and Morton (1944), Fifteen
syllogisms were presented and each syllogism was examined using
symholic material (letters) and the material for which subjecta
wsre assumed to have strong convictions, wishes, or fears.

The results showed a clear blas in responding towards concluslons
favouring the anticipated personal prejudices or hopes of the
subject.

Gorden (1953) conductasd a similar type of experiment to
that performed by Morgan and Morton to investigate the effect
of attitude toward Russia on syllogistic reasoning. In this

study, howsver, attitude was measured on a Likert scale. In
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the reasoning test 24 items were presented, 12 of which were on
Russia, the other 12 being items of a "non-social and non-
controversial nature'. For each Russian item, two af the five
conclusions were pro-Russian, two were anti-Russian, and one read
"None of the above conclusions are necessarily logical®. The
last-mentioned conclusion was the logically appropriate one. A
bias effect toward the attitude indicated on ths Likert scale
was obtalned but this effect was not as marked as was found
by Morgan and Morton, This was interpreted to mean that the
definition of the task as a test of logical asbility had reduced
the influence of personal fesling, even when the subject had
a definite attitude to Russia. In other werds, attitude did
bias syllogistic reasoning, but thers was some gvidence that
subjects would accept conclusions which appsared logical even
though they were not consonant with their personal opinion.

The studies described thus far have investigated the effect
of attitude on categorical syllogistic reasoning. One study
by Leffard (1946) presented subjects with a reasaning test
involving categorical and conditional arguments; wost arguments
were syllogisms but the test slso included conversions af the
universal affirmative. Forty items were presented in two
groups of 20 each; one group of 20 contained material of a
controversial nature onm which subjects were likely to hold

some opinion, the other contained material of a neutral nature,
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The subjects were required firstly to judge the validity of the
item, i.8., "to indicate whether they thought that the conclusion
could adequately be drawn from the premises given in support
of them"; and secondly, to state whether thsy agreed or
disagreed with the cenclusion, The neutral items were equated
with emotional items for structure and length. Lefford's
results showed that neutral items were judged more often
logically correctly than emotional items. For emotional 1tems
evaluation was influenced in the direction of the attitude
or belief or extraneous knowledge held by the subject about
the truth or falsity of the conclusion.

Another study by Thistlewaite (1950) employed conditional
sylloglsms of the form; 4if p then g; if p then r; therefore
if g then r. He presented 72 arguments simller to the above
consisting of 36 with relatively neutral content end 36 with
statements and conclusions on Negross, Jsws, women, and
patriotism, on which highly ethnocentric subjects should have
strong attitudes and beliefs, Subjects therefore were sampled
from regions in which ethnocentric attitudes and beliefs were
common and from regions in which such attitudes were rare.

The results indicated that distortions from logical reasoning
were greater for subjects from ethnocentric regions on items
dealing with ethnocentrism than from subjects from anti-

ethnocentric areas,
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Recsnt experiments which confirm the trend of the results
deseribed above include Thouless (1959), Feather (196k), and
Suppes (1965), Kaufmann and Goldstein (1967) have polnted to
sgveral methodological deficiencise present in some of these
garlier studles, For example, some studiss (Janis and Frick,
1843; Thoulesa, 1959) did not employ a control where neutral
syllogisms were evaluated for validity. Moreover, other
studies (Morgen and Morton, 1944; Lefford, 19463 Thistlewsite,
1950) did not include in the test emotional statements with
which subjects might disagree., Even more importantly, in most
experimenta the subject's attltude toward the conclusion was
tested before or after the sylloglsm test. It ias posaible
that this procedurs may have led to commitment for the second
task such that, either the attituds expresssd affected subsequent
evaluation of the syllaogism, or the conclusion derived from
the syllogism influenced the attitude towards the conclusion.

Kkaufmann and Goldstein (1967) performed an experiment
designed to control for these confounding effects, Thay
presented 32 female subjects with a sylloglsm test containing
36 syllogisms. Tuenty-four of the conclusione to thess
syllogiems had been previously judged by 112 other subjects
to be statements with which they agreed or disagreed; the
remaining 12 conclusions were "presumably nsutral®. Conclusions

were further divided according to degres of guantification and
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validity so that a 3 x 2 x 2 analysis of variance design was
employed, Analysis of the number of errors made on each
condition revealed significant main effects for all three
factors, affective loading, quantification, and validity,
and also significant interaction effects betwsen factors,
Interpretation of this analysis suggested that more errors
were made in reasoning with emotional material, but this applied
only to acceptance of invalid conclusions and not to the
rejection of valid conclusions, and Aalso mainly on pesitively
affected universal conclusions.

Implications for 1ugic as a model of ressoning

Whilst the evidence bearing on concreteness and abstractness
of material as a variable affecting deductive reasoning is
inconclusive, there appears to be considerable evidence
suggesting that reasoning is in part influenced by the attitude
maintalned by the subject towards the conclusion of an argument.
This evidence has been supposed by some workers to indicate
that reasoning is not adequately reprasented by a loglecal model.
Indeed Morgan and Morton (1944) contesnd that "the only circumstance
under which we can be relatively sure that the inferences of
a person will be logical is when they lead to a conclusion
which he has already accepted.”

Henle (1962), on the other hand, has argued that the

presence of such srrors in reasoning is not sufficient to



325,
rafute logic as a model, To suppart her argument she attempts
to conceive of a process which obeys ths rules of logic which
can account for the errors obtained in atudies such as those
reported in the previous section., Firstly, she suggsestis
the errors in dsaling with presented material may be due to
a failure to accept the logical task, that is, to distinguish
between a conclusion which is logically valid and one which
is factually correct or one with which the subject agrees,

This possibility, it will be recalled, was also entertained

by Gorden (1953), Secondly, errors may be due to the restatemsnt
of a premise or conclusion so that the intended meaning is
changed, For sxample, Henls reports a case where a subject
modified two particular premises to universals, before making

an evaluation of the conclusion., In such cases, therefors,

the validity of the argument should be judged in relation to

the syllogism sctually employed, not the one intended. Thirdly,
errors may bs due © the omlssion of a premise, and fourthly,

to the intrusion of additional premises, Henle suggests

that when the intendad premisss are replaced by the actusl
propositions utilized, the judgements of the subject may be
found to be logically correct, In other words, errors may

be accounted for not in terms of a failure of the loglcal

model, but rather in terme of changes in the material from

which reasoning proceeds.
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Consistent with Henle's position are some recent approaches
to the formation of beliefs and attitudes (Jones and Gerard,

1967; Bem, 1970). Here the attempt has been made to characteriza
higher-order beliefs in terms of syllogisms where the premises

are composed of lower~order or more primitive beliefs. Underlying
this attempt has been the assumption that individuals do not

merely subscribe to random collectione of beliefs but rather

thay maintain coherent systems of beliefs which are Internally
cansistent.

The above discussion seems to account for the effect of
beliefs and attitudes in producing errors in deductive reasoning.
It does not, however, explain why errors should occur when,
the material used is abstract, for sxampla, in the form of
letters. In this situation some other process not relevant
according to a model based on propositional logic seems to be
operating.

The atmosphere effect

In attempting to account for erroneous reasoning with
symbolic material, Woodworth and Sells (1935) took as a starting-
point the observation that some logical fallacies are more
common than others, For example, a syllogism with an undistributed
middle term is more difficult than one with a universal conclusion
from particular premises., From this observation they formulated

three hypotheses, 0One of these has become sspecially associated
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with their work and is called the "atmosphere effect"
hypaothesis,

The concept af "atmosphere" refers to the global
impression conveyed by a categorical statement. The
atmosphers of a premise can be universal or particular, and
affirmative or negative. whatever it 1s, Woodworth and
Sells postulated that it creates a sense of validity for the
corresponding conclusion. Thus, "an affirmative atmosphere
in the premises makes 1t sasy to accept an affirmative
canclusion", and so on, This hypothesis correctly predicts,
therefore, that it is easy to accept the converse of a proposition.
It elso correctly predicts that a universal conclusian tends
to be accepted fallaciously to follow from two universal
premises. Similar predictions for syllogisms with two particular
premises, two affirmative premises, and two negative premises
ere also confirmed, Two supplementary hypotheses were proposed
for the case when the two premises in a syllogism differ in
their predicted atmosphere. These were: (1) a combination
of a universal and a particular premise produces a particular
atmosphere; and (2) a combination of an affirmative premiss
and a negative premise creates a negative atmosphers.

The atmosphers hypothesis was tested in an experiment
by Sells (1936). Items were presented consistlng of the

16 possible paired combinations of the four types of premises,
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AR, E, I, and O, Letters were used as material for the premises
to avoid the influence of factual knowledge and attitudes, To
each of the 16 premise pairs was added one of four possible
conclusions - A, E, I, or O. There were two replications
of the 64 different syllogisms in the test. The subject was
required to evaluate thse syllogism as "absolutely true”,
"probably true", "indeterminate®, or "absolutsly false".
The atmospheres hypotheeis correctly predicted the conclusion
most commonly accepted for 13 out of the 16 sets of premises,
The three exceptions were: AA where A was predicted yet 1
was most Frequently accepted; AE where E was predicted but
0 was the most frequently accepted conclusion; and EA uwhere
E was favoured by the hypothesis but O was obtained in the
axperiment. These findings were consldered to support the
hypothesis of an atmosphere effect.

An even better fit to ths data was reported by Sells
when an additional hypothesis was assumed. This hypothesis
hes two parts, Firstly, 1t postulates that subjects are
more cautious in accepting a universal conclusion than a
particular conclusion. Thus, I conclusions should be more
readily accepted than A conclusions, and 0 conclusions more
readily than E conclusions. For Sells' date this prediction
was confirmed on all 16 sets of premises for I - A, and on all

but one of the 16 sets for O - E. Secondly, it was suggested
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that subjects are more cautious in accepting an affirmative
conclusion than a negative conclusion, Thus, E conclusions
should be more readily eccepted than A conclusions, and O
more than I. There were four exceptions in the 16 premise
pairs to this predicticn for both E - A and 0 - 1.

Chapman and Chapman (1959) have criticised the procedurs
used by Sells ta test the atmosphere and cautlion hypotheses.
On Sells' test format they argue 1t is not surprising that
more I conclusions were accepted than A conclusions or that
more O conclusions were accepted than E conclusicns, The
substance af their argument is as followsy If an A conclusion
is accepted, then, logically, an I conclusion must also be
accepted, since the particular implles "at least some" without
gxcluding the possibility of "sll". Similarly, if an E
conclusion is accepted, then so must an O, On the other hand,
acceptance of an I or an 0 conclusion does not necessarily
imply the logical acceptance of an A or an E conclusion
respectively. Therefore the frequency of acceptance of I
and 0 should never be less and should probably be mere than
the fregquency of acceptance aof A and E, assuming the subject
1s consistent in his responding. This situation, Chapman
and Chapman point out, is a consequence of presenting a single
conclusion on esach item,

Adopting a multiple-chaice format where subjects must
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choose from among 5 possible conclusions - A, €, I, O, and
"none of thesse" - overcomes this objection. Using this
procedure, they obtalned results which they clalimed did not
substantiate Woodworth and Sells' hypotheses, Detailed
comparison betwean their data and the predictions made by
these hypotheses, howsver, suggests that Chapman and Chapman
were rather hasty in rejecting these proposals. In their
experiment the conclusion most frequently accepted by subjects
was correctly predicted by the atmosphere hypotheels in 12
out of the 14 types of syllogisms examined, The exceptions
were the IE and OE items where the preferred concluslon for
both was E, but the predicted concluslon O, These tuwo
exceptions, however, do not constitute sufficient evidence
to eliminate an atmosphere account of categorical syllogistic
reasoning. A better approach would be to ask why the exceptions
to this account occur. Considering a combination of atmosphere
and caution hypotheses for these two syllogisms, 1t is found
that the predicted relative frequencies of acceptance of
17A, 0>E 07> 1, and E” A are all conflrmed except 0 E.
The addition of a caution hypothesis therefore does seem to
provide, at least, a partially satisfactory account of reasoning
on the IE and OE items., Evaluation of this hypothesis on
other items 1s rather difficult since very few conclusions

other than the one predicted by the atmosphere hypothesis
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and the logically valid "none of these", were accepted.
Howsver, if we take only those items where there was more than
one conclusion with a frequency of acceptance greater than
10%, that is, EO, 01, 10, AO, and 00, the four predictions
made by the caution hypothesls are confirmed in each case,

On this analysis Woodwarth and Selle' account of categorical
syllogistic reasoning appears to be generally supported rather
than refuted by Chapman and Chapmans' data.

Mors recent studise by Simpson and Johnson (1966) and
Begg and Denny (1969) are also consistent with the atmosphere
hypothesis, Both of these studies note the similarlty betwseen
the predictions of error by the atmosphere hypothesis and by
the account suggested by Chapman and Chapman in terms of
1llogical conversion and probabilistic inferance. Illogicsl
conversion rafaré to the acceptance of the converse of either
A or O premises, while probabilistic inference is the acceptance
by subjects of invalid conclusions which have some probability
of being correct. It would appear that what Chapman and Chapman
have done is not to reject the atmosphere hypothesis, but to
present an alternative account of the same set of pradictions,
The merits of the two explanations, howsver, cannot be asesssed
by ceonsidering the end-products of reasoning but by examining
the proceass involved in arriving at these products, In esither
case, neverthsless, the account requires a modificationto a

logical model of deductive reasoning.
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Meaning of quantifiers and cannectives

1s "Some®

In addition to the atmosphere and caution hypotheses
desgribed in the previous section, Woodworth and Sslls (1935)
also proposed a third expleanation of erronsous reasoning with
abstract material. This proposal was that ths msaning of
the quantifier, “some", is ambiguous, In propositional logic
this quantifier is taken to mean literally "at least soma".

In language, however, "some®” may have a different denotatlion,
namely, "some but not all", Wilkins (1928) likewlse noted

that subjects seemed tu regard it as invalid to draw a particular
conclusion when the premises were universal. To offset any
ambigulty, subjects in the experiments by Sells (1936) and
Chapman and Chapman (1959) wsre instructed that "some" meant

“at least some",

The effect of the two usages of "soms" on reasoning may
be seen by an illustratiaon, Consider the syllogism: all
A's aras B's; some G's are A's; therefore some C's are 8's.
In loglc this is a valld argument. In logic "some" means
"at lesast soms", If, howsvsr, “some" msans "soms but not
all", then this 1s an invalid argument because it might be
the cgee that all C's ars B's, Thus, the two meanings of
the quantifisr lead to two differsnt predictions about the
validity of this argumsnt. Similar effects can also be shown

in other arguments, Thus, a subject's performance may vary
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from the expectations of thelogical model if he assumes the
gquantifier to denote "some but not all",

Johnson-Laird (1969a, 1969b) has suggested that "some"
tends to be given the meaning of "=some but not all® when 1t
appears at the beginning of the ssntence in the grammatical
subject, whereas the "at least some® interpretation tends to
be given when it occurs at the end of the ssntence in the
grammatical abject. In one experiment inferences from eight
doubly-quantified sentences were Judged by subjects as correct
or incorrect. Each infarence involved an active and 1ts
corresponding passive sentence, s.g.: "Some medicine cures
every disease; therefore, every disease is cured by some
medicine®, Infersnces were from active to passive, and
paseive to active, As predicted, an inference fram a premise
with "some" in the grammatical subject to a conclusion with
"agme® in the grammatical objsct tended to be judged as valid,
but an inference in the converse direction tended to be judged
as invalid,

2- nIF'..than..."

In the pravigus chapter the suggestion was made that the
logical meaning of the connective, 1f...then..., is not the
same as that given in propositionel logic. Rather the truth-
table function of the sentence, if p then g, appeared to be pg

true, pq false, pg irrelevant, and pg irrelesvant. This truth
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function for a conditional sentence is the same as that put
forward by Wason (1966),

In an experiment in which subjects were sst the task of
selecting instances of p, p, g, and g, necessary to determine
whether a given conditional sentence was true or false, Wason
(1968b) has ohtained evidence which supports the suggested
truth function for the pg, pg, and pq contingencies, but the
majority of his subjects evaluated the Eq contingency as false.
Few subjects made the contrapositive inference, that is, that
p follows from q, when trying to show that the conditional
senience was true or false, This latter finding was not so
evident when thes conditional sentence was expressed in the
form, “either p or g" (Wason and Johnson-Laird, 1969), but
no differenca was found for “E if E", "never p without g"
(Johnson-Laird and Tagart, 1969), *all p's are g's" (Johnson-
Laird and Wason, 1970a) and "every p is a gq" (Wason, 1969).
wWason (1968) postulated that the infrequency of the contrapositivs
inference is due to a sst towards truth or correspondence
hetween sentences and state of affalirs. The necessity of
this postulate is not clear, and a more parsimonious account
would be that, if the truth value of the pg contingency for
a conditional sentence is irrelevant, then the conlrapositive
inference does not convey any infarmation about the truth

of the conditional sentence, and thus is also irrelevant.
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In studies using children as subjects Matalon (1962)
and Peel (1967) suggested an alternative truth function for
the conditional to that proposed by Wason. Matalon conducted
two experimants which differed in the nature of the relationship
between the antecedent and the conseguent in the conditional
sentence, In the first experiment ths connection was arbitrary,
invoiving the switching on of two different culoured lights;
this was referred to as "material implication". In the second
expariment, a village setting was displayed in front of the
subject., The dasign of the village was such that, if a man
went to the post office, then hs passed a certain house,
In this case therse was a clear connection between the actions
of the man in the antecedent and the consequent and this was
referred to as "natural implication®., Peel investigated
children's understanding of the conditional by a game technigue.
Each game was plasyed betwsen the experimenter and the child
according to a given rule, which connected the responses of the
child to the responses of the experimenter. Both Matalon
and Peel found that the conditlonal tends to be interpreted
as a bicondltional where the truth function reads pg true,
pq falss, pg false, and pg true,

Matalon and Peel's conclusion is consistent with the
finding in Expariment XII that subjects could not discriminate

batween conditional and biconditional sentences, In this
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experiment, howsver, subjects wers also unable to discriminate
betwsen conjunction and ths conditlional and biconditional,

It seems therefore that thsee resulta conform more closely

with the truth function suggested by Wasan, Clearly the
difference between Wason, on the one hand, and Matalon and
Peel, on the ather, centres on the truth value assigned to the
Pa category. Both, however, agree that the meaning of the
candltional, if p then g, is not that predicted by propositional
calculus,

Two things may be responsible for the differsnces betwesn
the truth functions of Wason, and Matalon and Peel. Firstly,
Wason used adult subjects whareas Matalon and Pesl used children.
Therefore, as a result of development the meaning of the
conditional may undergo some modiflcation from one farm to
the other, Secandly, there is some difference in the nature
of the task in the two ssts of experiments, In Wason's studies
the subject was required to select inatances in order to
determine whether the conditional was true or false. Eesentially
the same requirement was involved in Experiment XII. In the
studies of Matalon and Peel, however, the conditional was givsen
to be true and the subject had to evaluate the validity of a
conclusion derived from the conditional. UWason (personal
communicationy Wason and Johnson-Laird, 19703 Johnson-Laird

and Wason, 1970b) has supgested that a distinction needs to
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be made between selection and evaluation tasks and perhaps
the truth function inferrsd concerning a conditional sentence
depends on which task is used,

From this it seems desirsble to perform an experiment to
examine the nature of the truth function for conditional
sentences when adult subjects are given the task of evaluating
various condltional arguments, Four types of conditional
arguments were presented - affirming the antecedent, affirming
the consequent, denying the antecedent, and denying the consequent.
The truth function for the conditional derived by Wason (1968b)
would predict that affirming the antecedent and affirming ths
consequent are regardsd as valid arguments, while denylng
the antecedent and denying the conseguent are invalid,

Matalon (1962) and Peel's {1967) truth function would predict
that valld responses are given on all four arguments, A .
logicael model, on the other hand, would predict that sffirming
the antecedent and denying the consequent are judged as valid
arguments, while denying the antecedent and affirming the
consequent are invalld.

Fram the evaluations made hy & subjsct of the validity
of these four arguments it is possible to infer whether or
not the subject was responding in a truth-functional manner
and, if so, what truth function he was employing. Inferences

about the truth function ars based on the assumption that,
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if it is known that a given conditional sentence is trus,
and the truth value of either the antecedent or the consequent
is also kﬁnwn, than the truth valuesfor the given conditional
sentence may be derived from judgments of the validity of a
conclusion involving the consequent or antecedent respectively.
For affirming the antecedent, a "valid" response would suggest
that the subject has a pg truth-table category which is true,
and a pg category which is false; an invalid response, on
the ather hand, might indicate either pg is false or pg is
true or both, For denying the antescedent, an "invelid" response
might mean that both pg and EE have the same truth valus, either
true or fales, or, that pq is false and pg is trus; a "valid"
response, howsver, weould indicate that EE is true and Eq is
false. For affirming the consequent, an "invalld" response
would suggest that pg and pg have the same truth value, be
it true or false, or, that pg is false and pg is trus; a "valid®
response, on the oather hand, would mean that pg is true and
pg is false. For denylng the consequent, a "valid" response
would indicate that pg is false and pg is true; houever,
an "invalid" response might suggest that either pg is true
or EE is false or both. A summary of these inferences can
be found in Tabls 41,

It cen be seen that two inferences are drawn about the

truth values of sach truth-table contingency. Thus, if it
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is the case that condltional sentences are considsered in a

truth-functional manner, then we can expsct slgnificant

correlations in performance between at least sne and possibly

bath of affirming the antecedent and affirming the consequent,

and affirming the antecedsnt and denying the conseguent.

For the same reason, significant correlations may also be

expected between one aor both of denying the antecedent and

affirming the consequsnt, and denying the antecedent and

denying the conesguent.

Argument Responge
Valid Invalid
Affirming the - _
antecedent palT) and pg(F) | pgl{F) or pg(T) or both

Denying the antecelent [pg(F)

Affirming the
consequent

Denying the comsequent

pg(T)

pa(F)

and pg(T)

and pg(F)

and pg(T)

either pg(T/F) and
palT/F), or_
pg(T) and pg (F)

elther pg(T/F) and pg (T/F)
or pg(F) and pg (T)

pg(T) or pg (F) or both

TABLE 41, Inferences to be drawn about truth-table values

for a conditional sentence, if p then g, from

responses made to four deductlve arguments,.
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Experiment XV: Reasoning with conditional sentences
1, Msthod
a, _Subjssta. - The subjects were 43 undargradustss from
the subject pool aof firsteysar psychology atudents at the

University of Adelaide. Selection of subjects uss rendom
with the ons exception thet none of tham, sccording to their
student record cerds, wss gurrently or had previcusly besn
enrolled in 8 courss in which instruction in logic wae given.
b, _ Problems, - The problems were of four bseic types.
In the firat typs, affirming the antesedant, the aubject
was given: (1) if p then q, and (2) p, and was asksd whethar
g necessarily followad., In ths second type, denying the
antascadsnt, the subject wes given: (1) if p then q, end (2)
p, and uss ssked whether q necessarily followsd, In the third
typa, affirming thae consaquent, tha subject was given: (1)
if p then g, and (2) g, and waa asked whather p necessarily
followed. 1In the fourth type, denying the conssguent, the
subject wes glven: (1) if p then q, and (2) §, and wes asked
whethar p nscussarily fallowed. The subjsct gave his answer
to esch problem by chegking one of "yea® or "no".

Verbal material wee used to farm the sentencea, An
attempt was made to eliminate any sentences whase conclusions
were obviously plausible or implaueible or such that individual

subjscts may heve strong prejudices about truth or faleity.
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Each type of problem was replicated four times to allow for
any residual effects due to these factors and alsa far any
variations ln the nature of ths relationshlp betuween antecedent
and consequent, Thus, 16 problems were presented to each
subjsect. The order of problems was randomized with the aid
of a latin square so that each problem type occurred once in
each blaock of & problems, The complets list of problems
presented may be seen in Appendix A,

C. _ Procedure and Instructions. - The procedure was given

in the instructions on the front of the test booklet and read
in part as followsg

*Inaide this cover are 16 sets of thres statsments.

tEach statement within a set is labelled a, b, or c.

In this test you are to assume that statements a asnd

b are known to bs true. The gueatlon you are required

to answer is whether statement c nacessarily follows from

statements a and b, assuming that these two statements
(a and b) are known to be true. Indicate your answer
by crossing out either ‘yes' or 'no!, whichever is
incorrect, at the end of each guestion.”
when the subject finished reading the instructions, he
was allowed to begin, Subjects were reminded that they should
answer all questions, and that they could work at their ocun

pace since there was no time limit,
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26 Results

The results are summarized in Table 42 in terms of the
fraguency of the number of affirmative responses to each type
of problem or argument. These results were First analyzed
to determine whether subjects were behaving in a randem fashion
in producing their responses. A single-sample chi-sguare
was used to compare the distribution of the freguency of
affirmative responses sbtained with a binomial distribution
where the probablility of an affirmativae response is sgual to
the probability of a negative response is equal to %.

Significant differsnces from random responding were found

for each problem type (p<.01).

Argument Number of affirmative rasponses
0 1 2 3 b Total
Afflrming the
antecedent 0 1 1 7 34 L3
Denying the
antscedent 7 6 12 6 12 43
Affirming the
consequent 7 14 B 9 5 L3
Benying the
consagquent L 11 10 10 8 43
Binomial distrilution |2.69 | 10.75 |16.13 [10.75 | 2.69 L3
TABLE 42, Frequency of affirmative responses to sach argument.
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In the case of praoblems involving affirming the antecedent,
there is a glear tsndency to respond affirmatively which gives
rise to the significant chi-square., For the remaining
arguments, howsver, the significant chi-square is not attributable
to a skeuness 1n the frequency distribution in a single direction.
Rather it seems to be due to a flattening and spreading of the
distribution such that the observed fraquenclies at the extremes
are higher than expscted for a random distribution, whille the
frequencies at the centre of the distribution are lower than
expected. This finding would seem to be due to there being
two or maybe three groupe of subjects. The first group of
subjects displays a consistent tendency to answer "yes", and
the second group a consistent tendsncy toemuwsr "no"g a third
emall group may also be present who respond equally "yes"
or "no¥,

Correlations betwaen responses to the different arguments
were estimated using Spesarman's rank tachnique. A signifigant
correlation was abtained between denying the antecedent and
affirming the consequent, rha (4l) = 0,37, p <.01, but no
other correlations were significant at the 5% level aof signiticarnce.
Marginally significant was the correlation betwsen affirming
the antecedent and denying the consequent, rho (4l1) = 0.23,

B <.10.
Looking at the judgments of individual subjects, only 5
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of the 43 subjects were completely consistent in their responses
to all four arguments, 0Of these, 2 evalustsd all four arguments
as vallid; 2 evaluated affirming the antecedent and denying the
antecedent as valid, but denying the antecedent and denying
the consequent as invalid; and 1 subject affirmed the
conclusion for affirming the antecedent and denying the
consequent, and denied the canclusions of the other two arguments,

3. Discussion

whilst it is clear that subjects were not responding
randomly in evaluating these arguments, the present results
do not provide any streight-forward indication of the basis
for evaluation. A considerable degree of variation in responding
is evident, both between subjects and within subjects. The
only exception to this is the overall coneistency with which
subjects evaluate affirming the antecedent as a valid argument.
This would suggest that moat subjects possaess a truth function
where pg is true, and pg is false, Assigning truth values
to the remaining truth-table categories is pessible with the
praesent data only for three subjects, Two subjects apparently
utilized a truth function which reads pg trus, pg false,
Pq false, and pgq trus; a third subjsct had a truth function
where pq was true, pq falss, pg true, and pg true. That is,
two subjects possessed a truth function identical to that of

the biconditional in propositional logic, while one subject
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reasoned in the manner predicted far the conditional by logic.

The lack of consistent respanding within subjects makes
it impossible to determine a complete truth function for the
remaining subjects, Even to say that thay are utilizing a
truth function may be "jumping to conclusions®, It was predicted
earlier that, if subjects do evaluate conditional arguments in
a truth-functional manner, then some correlation should be
found between certain pairs of arguments. The results indicate
a8 significant correlatlon in one case and a suggestion of a
significant correlation in a second. This is admittedly not
very strong evidence that theare was any logical basis to
responding at ell for many subjects. Just as probable is an
account simply in terms of a response bias towards affirmatinn1,
in view of the tendency to affirm the validity of the conclusion
for all arguments,

Because interpretation of these results 1s obscure, this
experiment was replicated with three modificatlions., Firstly,
so that subjects may be more easily identifled as tending to
respond affirmatively or negatively, the number of examples
of each type of argument presented was increased fram four to
12, From a binomial test then we can say that aubjects

responding slther affirmatively or negatively on 9 or more

1 The author is indebted to Dr. D. McNicol for this suggestion.
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problems of the same type display a significant tendency to
respond in that direction. S8econdly, to reduce the likelihood
of a simple response bias explanation, a fifth type of argument
was included in the test., This type had the same form as
affirming the antecedent except for a negated conclusion,
thus making it logically invalid, A consiastent denial of
the valldity of the conclusion to this argument would suggest
that an explanation other than affirmative bias is more likely.
Thirdly, more information on each evaluation was socught by
requiring subjects to indicate naot only their decislon on
whether the conclusion followed from the premi=ses, but mlso
their confidence in this declsion.

Experiment XUI: Reasaning with conditional sentences - a

replication and extension.

1, Method

8. Subjects. - The subjJects were 56 undergraduates from

the subject pool of firste-year psychology students at the
University of Adelaidse. G&slection of subjects was once again
made with the provision that, according to student record
cards, none was currently or had been previously enrollsd

in a course in which instruction in logic was givene.

b. Problems., - The problems consisted of the four types

employed in Experiment XV plus a further type, affirming the

antecedsnt with a negated cenclusion. Here the subject was
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givens (1) if p then g, and (2) p, and was asked whether
q necessarily followsds, Subjects gave their ansuer to each
problem by checking one of "yas" or "no", and then showed their
confidence in thelr answer immediately below according to ane
of 3 categories: very confident, moderstely confident, not
confident.

The majority of condltional sentences were taken fram
various logic textbooks. A widse range of topics was involved
and an independent judge1 was used to sliminate any sentences
whoss conclusions were obviously plausible or implausible,.

The sentences contained a mixture of instances where the two
propositions (p, g) were causally related, and where the
connection between the propositions was elther arbitrary or
ambiguous (Peel, 1967). For sxample, an instance of a
conditional sentence in which the two propositions wers causally
related was; "If food is constantly supplied to them, then

the very fiercest crsatures live pesapably together". An
example of a conditional ssntence where the cennection between
the propositions was aphitrary was: "If Mrs, Elton is a enob,
then Mrs. Bates is a bors", The cemplste list of problems

presented may he found in Appendix Be

Cc. __Design., - Sixty problems were presented, 12 problems for

1 The author expresses his gratitude to Dr. D. Mchicol.
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gach praoblem type. The order of problems was randomized wilth
the aild of a latin square sg that each problem typz occurred
once in each block of 5 problems. All subjects did all
problams in the same order at their own pace. The task
took approximately 30 minutes for each subject.

d., Procedure and Instructions. - The procedure and instructions

were the same as in the previous experiment, In addition

to giving their answer by crossing out either "yes" or "no"

at the end of esach guestion, subjects had to lndicate their
confidence in their answer by checking one of the 3 categeries
underneath: very confident? moderately confident? not
confident?

2e Results

The number of logically correct responses made by each
eubject aver 12 problems for sach problem type was calculated
and a frequency distribution of this data is recorded in Table
43, A 2-way (problsm type x subjects) enalysis of variance
was performed on this data and a significant effect found
for problem type, F (4,220) = 48.84, p <.001. A post hoc
analysis using Newman-Keuls multiple range comparisons revealed
na significant differences betwsen Problem Types 2 and 3, and
between 1 and 5, with all other comparisons significant (p<.0l).
Thus, the order of problem types in tsrms of increasing numbasr
of correct responses was 2 and 3, 4, and 1 and 5. A summary

of the analysis of variance may be found in Table 4k,
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Argument Number of correct responses
gj1r| 2|3 b 5 & 7 8|9 |10|11]12
1. Affirming the antecedent | O |0 | 0 | O 1 1 0 2 1 31211153
2. Denying the antecedent 14 | 8 3 2 o L 3 9 31011 31 6
3. Affirming the comsequent |10 {11 | O | 3 3 4 1 3 5135 4] &
L, Denying the consequent 2 1310153 L 6 8 2 2118 710
5. Affirming the antecedent
with negated conclusion| 0 |0} 0O | O 0 0 1 a 1 2 | &|17| 32
Binomial distribution L.1 6.8 | 10.8 |12.7 |10.8 | 6.6 L.l
Probability < .05 A2 ] 19 .22) .19 .12 <.05

TABLE 43, Observed freguency of correct responses for each problem type together

with the expected fregquency and associated probability of correct

responses for a binomial distribution where the probability of a correct

response is equal to the probability of an incorrect response equals ¥
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Source 5.5, D.F. | M.S. F P
Between subjecta 528,74 | 55 9.61

Within subjects b665.21 | 224

Praoblem Type 2194, 34 L 548,58 | 48,84 |<.001
Residual 2470,87 | 220 | 11.23

Total 5193,95 | 279

TABLE 44, Analysis of variance on number of correct responses.

The resulte for sach problem type wers analyzed to
determine whether subjects were behaving in a random fashion
in producing their responses. A singls-sample chi-square
was used to compare the distribution of the frequency of
correct responses with a binomlial distribution where the
probabllity of a correct response is squal to the probability
of an incorrect response 1s equal to %, Significant
differences were obtained hetween the observed distributlon
and the random distribution for all problem typss (p< .001).
From a binomial test, 91.1%, 17.9%, 28.6%, 48,2%, and 96,4%
of the subjecte displaysd a consistent tendency to respond
correctly, and 0%, 48.2%, 42.9%, 1l4.3%, and 0% of subjects
consistently responded incorrectly for Problem Types 1, 2,

3, 4, and 5 respectively.
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It has bsen predicted sarlier thatperformance may
show some correlation bstween certain problem types and
this was assessed by a Spearman renk correlation, This
analysis indicated that subjecte who were good performers
on Problem Type 1 were also good performers on Type 3,
rho (54) = 0.27, p< .05, Type &, rho (54) = 0.28, p <.05,
and Type 5, rho (54) = 0.49, p <.01, and subjscts who were
good performers on Typs 2 were good performers on Type 3,
rho (54) = 0,78, p <.01, but poor performera on Type &,
rho (54) = - 0.62, p <.01.

Rn examination was alsp made of the problems used
for each problem type in order to determine whether some
problems were more difficult than aothsrs. A chi square
test yielded no significant departures from a rectangular
distribution for each type, indicating that there were no
real differences betwsen probleme for number of correct
responses,

The confidence that the subject had in his answer to
sach problesm was measured by asaigning the scores 1, 2, and
3 to the confldence categories, very confident, moderately
confident, and not confident reepectively. An analysis
of varliance on the confldence ratings totalled over the
12 problems 1n each problem type for each subject ravealed

a significant difference in confidence for differsnt types,
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F (4,220) = 38.59, p< .D0L., Differences between individual
types were tested by the Newman-Keuls multiple-range comparisaons
method. This post hoc analysis showed that subjects were
least confident on Problem Type 43 Hhigher confidence ratings
were obtained on Type 3 than Type &4 (p< .05), Type 2 than
Type 3 {p<.05), and Types 1 and 5 than Type 2 (E<.015-
An examination was also made of the confidence ratings for
different problems within each type, and a chi-square single-
sample tast revealed no significant difference between problems
within each prablem typse.

The degree of correspondence between performance and
confidence was investigated by a Spearman rank corrslation
test. It was found that the more confldent the subject
was, the more correct responses he made on Type 1, rho (54) =
0.38, p< .01, and on Type 5, rho (54) = 0.47, p <.01, but no
significant corrslations were obtained for other problem types.

3a Discussion

From these results it can be seen that all but 3.,6% of
the subjects tended to consistently reject the conclusion
as invalid (i.e., respond correctly) for affirming the
antecedent with a negated conclusion (Type 5). This finding
snables us to tantatively disregard an sxplanation of these
results given merely in terms of an affirmative response blas,

although it should be admitted that this test is insufficient
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to completely eliminate fhis possibility from consideration
on problems other than affirming the antecedent. It is alsao
evident that most subjects wsre not making thelr judgments
at random for any of the four types of arguments examined,

The results indipate that performance on affirming the
antecedent is logically better than on denying the consequent
which is better than sn denying the antecedent and affirming
the conasguent. They also suggest that the distribution of
scoras for subjects on affirming the antecedent is uni-modeal,
that subjects are uniform in their Jjudoments of the validity
of this argument. This convergsnce is lacking, howsver, on
denying the antecedent, affirming the conssquent, and denying
the conseguent, where the distribution of responses seems at
least bimodal, and paossibly trimodal. On denying the
antecedent, 48.2% cof the subjects consistently affirmed
the validity of this argument, while 17.3% denled its validity;
on affirming the consequant, 42,9% of subjects affirmed the
validity of the argument, and 28,6% denied its validity; and
on denying the consequent, 4B8.2% of the subjects regarded
this argument as velid, and 14,3% judged it as invalid.
Related to thls is the observation of a correlation between
performance and confioence on affirming the anteceaent, while
no such relationship was obtained for the other arguments,
probably as a result of the divergence of responding on these

argumenta,
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This finding suggests that no truth-table function
exists for conditional sentences which 1s common to all
individuals. For example, Wason's (1968b) derived truth
function of pg true, pg false, pg false, and pg irrslevant,
would predict valid responsss to affirming the antecedent
and affirming the consequent, and invalid responces to
denying the antecedsnt and denying the consegquent. On
only one argument, affirming the antecedent, 1s this prediction
confirmed for the majorlty of subjects. Nearer to describing
the present results is Matalon's (1962) and Pesl's (1967)
suggestion of a truth funetion in which pg is true, pg false,
Eq false, and EE true, since this function predicts valid
respunsealan all four arguments,.

It therefore appears that either a numbsr of truth functions
have been employed, or, alternatively, some other critsrian
was used whlch was not truth-functional in judging the validity
of arguments, The prediction was made earlier that, if
subjects were evaluating these argumants in a truth-functional
marnner, correlations could be expected between one or bath of
affirming the antecedent and affirming the consequent, and
affirming the antecedent and denying the cansequent. Since
the predicted significant, although in some cases small,
correlations have been found on three out of four of these

comparisons, 1t seems that perhaps subjects are behaving
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according to some truth-functlon when reasoning with
conditional sentences,

Examination of the results of individual subjects
indicates that 37.5% of the subjects consistently produced
affirmative judgments of the validlty of all four arguments;
3,6% affirmed the vallidity of affirming the antecedent and
denying the conseguent, and denied the validity of denylng
the antecedent and affirming the consequent; 3.6% sald "yes"
tao affirming the antecsdent, and "no" to the other asrguments;
3.6% gave affirmetive responsss to affirming the antecedent
and denying the antecedent, and nsgative responses to the
remaining arguments; while the rest (51.7%) of the subjects
were not coneistent in their respanding on one or more of the
arguments, From this analysis we may infer that only 4bL.7%
of the subjects were behaving consistently in a truth-functional
fashion when reasoning with the conditlonal. The last two
groups of subjects listed above cannot be classified by a
truth=-function using the Kind of inferences given in Table &4l.
According to the inferences summarized in this Table it would
appear that 37.5% of tha subjects have a truth function of
pg true, pg false, pg false, and pg true; 3.6% possess a truth

function where pg 1s true, pd is false, Pg is true, and Bg is

true; and 3.6% of the subjects have & truth function which

reads pqg trus, pE false, pq true, and EE false, It will be
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realized that the most common truth function obtained is
the same as the truth function given in propositional calculus
for the biconditionsl, It will also be noted that a few
subjects are in fact employing the truth function for a
conditional sentence as found in the propaositional calculus,

The Tinding that the most common truth function utilized
by these adult subjects, average ags 18,7 years, 1s the same
as that found by Matalon (1962) with children between 9,25
and 11,5 years, median 10.17 years, and Peel (1967) with
children between 5 + and 1l + years, raises important implications
for Piaget's theory of intellectusl development. According
to Piaget, from the age of 11 to 12 years onward, subjects
develop formal aperations. By this it is meant that subjects
use the logical forms of propositional calculus and understand
the logical relations formalized in the propositional calculus,
including the conditional. Doubts that propositional loglc
provides the essential structure of the final stage of logical
development and that Piaget's model completely describes the
difference betwsen the formal operational period and its
predecessar, the concrete operational stage, have already been
expressed (Parsens, 1960), and the presant results cen only add
further weight to these objections with respect to conditlonal
reasoning.

It wauld seaem that if the truth functions inferred In this
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experiment are to be reconciled with that derived by Wason
(1968b) and suggested by Experiment XI1I, some account must
be taken of the task. In selection tasks such as that
typically smployed by Wwason, other processes may also be
involved in addition to the logical function determined in
evaluation taske such as the present. An initial attempt
to distinguish selection and evaluation processes has been
made by Johnson-Laird and Wason (1970b).

The present esxperiment serves to show that propositional
logic does not account for human reasoning with conditional
sentences. It would be useful to be able to sugpest ways in
which the logical madel may be modified ta approximate more
closely to human performance. The best approximation that can
be offered here is that the conditional sentence, if p then g,
is treated as having a truth-functional meaning the same as
the biconditional, p if and only i1f g, in propositional logic.
Unfortunately, this modification 1s asble to describe the
behaviour of only about two-fifthe of the subjects. The
majority of subjects cannot be classified as functioning
in a logical sense. On what basis are these subjects
responding? The immediate suggestion 1s that they were
evaluating arguments in terms of the plausibility of ths
conclusions, Not only were attsmpts made to minimize the

role of this factor in designing the test, however, but also
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no difference wss found between problems either in terms of
the logicality of response or confidence in this response for
any argument, This finding also eliminates an effect due
to the nature of the connsction between propositions (Peel, 1967).
Clearly saome other strategy for responding must have beaen
utilized, but the present sxperiment does not permit its
identification, The desired modifications to the model of
human reasoning cannot therefore be satisfactorily specified.

Other guantifiers and connectives

The foregoing discussion has suggested that errors are
evident in deductive reasoning because the meanings of the
quantifier, "some", and the connective, "if...then...", are
not the same in language as they sre in logic., Similar claims
can be made about ether quantifiars and connactives.

Johnson-Laird (1969b) refers to the ambiguity of universal
negative statements. For example, consider the sentence,

*all rectangles are not squarss'. This may mean elther that
there are no rectangles which are square, or that not all
rectangles are sgquares. Again, "John does not love any child"
may mean either that John loves no children or that John does
not love Just any child,

In sentence reasoning, connectives such as "and" and "or"
can have more than one meaning. The conjunction, "and", for

instance, may possess sither a commutative or an ordersd
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property, depending an the semantic properties of the
conjoined verbs (Fillenbaum, 1971). The disjunction, "or%,
can be inclusive or exclusive, so that unless the sentence
specified which is tended, the subject may interpret the
sentence in different ways. Morsaover, the findings of
Experiment XII raised doubts that the connective, "if and
only if", is equivalent to the biconditional in symbolic
logic. The comments of some subjects in this experiment
suggested that the sentence, "Green cards are members of
the class if and only if they are square" was rephrased to
read "Cards are members of the class if and only 1f they
are green and square",

Further work is necessary to investigate the semantics
of these quantifiers and connectives, In addition, it is
desirable to determine whether the various expressions
which were suggested earlier as alternatives for the stendard
sxpressions for the basic quantifiers and connectives in
logic are in fact identical in their connotations and denotations.
Comment

The problem with a logical model of reasoning emphasized
in this section is that of finding linguistic expressians
which are equivalsent to the opesrations describaed symbolically
in logic, Underlying the discussion is a proposal which

bears on the controversy not only betwsen loglc and thought,
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but also between language and thought. Since all problems
in reascning considered hitherto have involved verbal material,
1t is to be expected that language may play an important role
in the nature of the reasoning. Much has been written on
the guestion of the relationship between language and thought.
Some theorists have maintalnsd that thought is dependent on
language (@.g., Whorf, 1956), others have contended that
language is dependent on thought (s.g., Piaget, 1926), and
others that thought ie language (e.g., Skinner, 1957), uwhile
Jenkins (1969) has taken the sclectic position of accepting
all thres pointe of view. What is suggested here is that,
to the extent that deductive reascning is dspendsnt on
quantifiers and connectives such as those examined in this
chapter, the meening which is assigned to these operations
in language haa a commensurate rols in determining the cutcome
of the reasoning process, A eimilar proposal has been
advanced by Clark {(1969) in a study of a form of deductive
reasoning not examined in this chapter, three-term series
problems,

An inductive tendency

A third possible source of fallaciocus reasoning in
deductive problsms may be a tendency for subjects to make
inferences inductively rather than deductively, In daduction

conclusions are eithar true or false. Possibly lack of
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familiarity with propositions which fit so conveniently into
one or other of these categaries leade subjects to seek
intermediate catsgories, for example, probably true and
probably false. Such categeries, however, exist only in
induction,.

This type of explanation of errors in deductive reasoning
is consistent with the "cautlon® hypathesis of Woodworth and
Sells (1938), who postulated that particular conclusions are
more readily accepted than univeraals. It 18 aleo in
agresment with the accounts given by Chapman and Chapman
(1953) and Wason (1964).

Regrettably, no experiments have directly compared
inductive and deductive approaches to problemss Ons method
that might be used in some future experiments on syllogistic
reasoning is to require subjects to asssss the conclusion on
a S-point rating scale repraesenting a true-false continuum
ranging from abaolutsly true through probably true, indeterminate,
probably false, to absolutely falss, If subjects are reasoning
deductively, then they should asaign extrems values to the
conclusion., On the other hand, if subjects are reasoning
inductively, a more central tendency should be svident.

From Experiment XVI 1t seema likely that ths tendency
to reason elther inductively or deductively may vary wlth

the form of the syllogiam, In this expsriment subjects
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were typically vary confldent in evaluating the cenclusion
to affirming the antscedent as true, yet wlith othar srguments
they wsre inaa confident. On thesa argumaents, i1f given tha
opportunity, subjects may have judged the conclusion as
probably trus or probably falss or even indetsrminate., It
also sasms possible that this tendency may differ for concrets
and abstract material, and between selection and asvaluatlon
taake, Individual differences ars also of interset, to sse
whether individuals consistently vary from ona mnather in
the degres to which they exhibit a deductive or inductive

tendency. Clearly, thera is scops here for further work.
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CHAPTER &8
IMPLICATIONS FOR FUTURE RESEARCH

The starting point for this research camefrom =
consideration of the types of solutions required of subjects
in various problem-solving tasks. One of the difficulties
with interpretation in this area is related to ths question
of what 1t is that the subject is learning. Reference has
already been mads in Chapter 6 to these difficulties., It
occurred to the author that one approach which might eventually
lead to the integration of problem-solving studiss was to
attempt to construct a system of rules whlch could by various
combinations of rules produce any of the solutions to the
tasks considered. In this scheme a rule was conceived of
simply as any specifiable relationship between sets of
entities or esvents. The obvicus problem in this approach
was to determine which rules were basic to these tasks, so
in Chapter 1 a taxonamy of rules was suggested. Logical
rules were then chosen for detailed investigation to begin
with because they comprised the most adequately classified
set of rules, As an experimental peradigm for investigating
the relationship between such rules and behaviour, concept
learning was chosen because 1t seemed in many respects to

be similsr to problem-solving, and morsover, an extensive
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ampunt af dats was alreacdy available on the performance of
subjaects under varying conditions, including a fau studies
an tha affacts of rulas.

Thase were ths origins of the ressarch reported in
this thesis, If inferences sbout problem~solving bshaviour
ere to be mads, then this rassearch neads to be extendsd in
several ways. Soms of these waye have olrsady been discueaed
in earlier chaptera., Ona of the weys not mentionad is the
naed to examine the attaimment of more complex concepts
formed by cosbinations of rulss. The presant expariments
have been limited to concepta having two relevent attribute
values linked by 2 single rule., In some cases this rule
hoe besn suggestsd t2 consist of mora fundamental rules,
for example, ths biconditieonal, p<qg, may alsp be axpressed
as (pnq) U (pNg). More work, howevsr, should bs dana
to dotermines the effscts af chalning of rules, to sea tao
what sxtent the difficulty of ths chsin is & function of the
difficultiss of the individual links in the chain, Gone
experiments cguld be ocsnducted, for axample, to compare
concaptual parformance for concepts like (phg)nr, (pAg) Ur,
pn{gur), ete..

A second dirsgtion for futurs rsssarch is to inveotigate
the attaimment and utilization of other types of concepts,

For exsmple, sn approach to esguantial pattern learning can



now be established on ths foundations laid by Simon and
Kkotovsky (1963) and Restle (1970a). In this area the
conditional rule seems likely to be an important tool in
analyzing reletionships between various components in the
sequence, and indeed this seems a more natural situation

for this rule to bes operating than the conventional nominal
form of classification employed in the experiments hera.
Regrettably little assistance in these investigations seems
likely to come from traditional studies of serial learning
(Battig, 1969), Through systematic experimentation in the
manner advocated here, however, it may be found that many

of the variables which affect the formation of loglical rules
have a similar effect on the acguisition of sequential
relationships, Other studies should be devoted to an
examination of mathematical rules. DOne experiment
exemplifying the type of research envisaged is Eifermann

and Etzion's (1964) attempte to account for why the operation
of addition is easier than that of subtractlion.

The notion of rule which has been considered here is
one of a means for relating objects and events in the
environment, It has been assumed that individuals ars
constantly seeking to represent the information in their

gnvironment in a more economical form and that to achieve

366.
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this objective thesy look for regularities or consistencies
in the relationships between stimuli. Rules have been
taken to praovide a way of describing theee consistencles
and regularities existing betwesn stimuli. An important
distinctlion is necessary hers, Because subjects are found
to respond in a manner predicted by a ruls analysis, this
is not sufficient svidence to indicate that ths subject
himself is utilizing the same rule as the expsrimenter,
unless it can be conclusively shown that there are no other
rules which could be used to producs the responss, In the
latter case it may be deduced that the particular rule used
to relate the stimuli must be part of the subject's behavigural
repertoire. With very few exceptions, howsver, we da not
seem to have reached this point where we can makes strong
assertions about the sqguivalence of the rules used in task
analysis and the rules which give rise to regularities and
consistaencies in responding. In some cases, in fact, as
for the conditional, we have been able to show that the
logical rule and the psychological rule are not equivalent,

This distinction needs to be made in view of some
apparent confusion in certaln theories of intellectual
beshaviour, Gagne (1970), for example, suggests that a
rule "must be something that accounts for regularity in

behaviour in the face of virtually infinite variations in
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spacific stimulatian. A rule, then, is an inferred
capability that enables the individuel to respond to a
class of stimulus situations with a class of performances”.
Plaget likewise sses the logical operations used to characterize
or describe the thinking of his subjects as intrinsic to
their cognitive structurs. The position suggested here 1is
that rulss are a useful descriptive tool for research on
human reasoning and conceptual bshaviour, but it seems rathsr
premature to infer that these are the rules which subjects
themselves utilize to transform information esncountered during
a task. In this sense, more evidence is required before we
can say, for example, that children have acquired certain
logical operations which are contained in cognitive structures
(Inhelder and Piaget, 1958). This is not intended to suggest
that no attempt should be made to determine the nature of
cognitive structures, only that such attempts should be
definitive before claiming evidence for the presence of a
particular rules governing behaviour, The precision required
for producing such evidence represents one of the major

challenges facing this approach to cognition.
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APPENDIX A

Sentences presanted in Experiment XV

1,

2.

3e

Se

Be

b.
C.

B¢

b.
Ce

e

be
Ce

b.

Ce

If John catches the bua on time, then he misees
his appointment.

He does not miss his appolntment.

John doss not cateh the bus on time.

Yea? No?

If the President 1s going to veto this hill,

then the Senate will stand by him, in his efforts
to get his tax legislation passased,

The Prasldent is not going to veto this bill,

The Senate will not stand by him in hias efforts
to get his tax legislation passasd. ‘

Yes? No?

If Mary knows the rules of punctuatlion, than
she did well on the test today.

Mary did well on the test today.

Mary knows the ruleas of punctustion.

Yea? Noa?

If Mark Twain intended to setirize locel customs,
then he was a foolish man.

Mark Twaln intended to satirize local customs.

He was a foolish man,

Yes? Na?

1f the Bpoard of Education suspends young Brown from
school, then it will be scting unconstitutionally.
The Board of Education does not suspend young Brown
from school.

It will not be acting unconstitutionally.

Yes? No?
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If Peter is nearsighted, then hls eyes are defective,
Peter is nearsighted,
Hia asyes are defectlve.

Yea? No?

If the kitchen has dark-coloured walls, then
it 1s well-lighted,

It is not well-lighted,

The kitchen doea not have dark-coloured walls,

Yea? No?

If ths word "going® in that sentence ia a gerund,
then it functions like a noun.

It functiona like a noun,

The word "going" in that saentence is a gerund,

Yes? No?

If the Attornsy-fisneral intervenaes, then the mayor-
elect will be a machine politiecian,

The Attorney-Gensral intsrvenes. -

The mayor-elect will be a machine politician,

Yea? No7

If the commisslonsr is an independent, then he
is a night elub pwner.

The commlasioner is naot a night club ouner,
The commissioner ie not an independent.

Yaa? No?

If this painting has true artistic worth, then
it is a pure study in form, ‘
This painting has not true artistic worth,

It is not a pure study in form,

RT-TY No?
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13.

1“,

15,

16,
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If that man burns our flag, then he is a Communist,
Ha is a Communist,
That man burns our flag.

Yea? Na?7

If there is going to be a atorm tonight, then the
barometer is falling.

The barcmeter is not falling.

There is not going to be a storm tonight,

Yas? No?

If anything is a spidar, then it is an inssct,
Anything is a spider,
It ia an insect,

Yes? Na?

If Henry has morasl scruples against drinking,
then he never drinks,

He navar drinks,

Henry has moral scruples againet drinking.

Yea? No?

If the sum of the diglts of 298 is evenly divisible
by nine, then 298 is evenly divisible by nins.

The sum of the digita of 298 is not svenly diviasible
by nine,

298 is not svenly diviaible by nine.

Yea? Ne?
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APPENDIX B

Sentences presented in Experiment XVI

1,

2.

3.

a) If the stimulus of examination is unnecessary for the
ambitious student, then examinations should be dropped
from all courass,

b) The stimulus of examinations 1s unnecessary for the
ambitigus student.

c) Examinations should be dropped from all courses.

ANSWER} Yes? Na?
CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If the doctrine of the peace movement 1s applied all
around, then there will bs an end to military dlscipline.

b) The doctrine of the peace movement 18 not applied
all around.

c) There will not be an end to military discipline.
ANSUWER: Yes? Na?
CONFIDENCE: Very confident? Moderatsly confident WNot confident?

a) If sducation becomes universal, then we will all be
white-collar workers.

b) We will not all be whits-collar workers,
¢) Education does not become universal.

ANSWER; Yas? No?
CONFIDENCE: Very confident? Moderately confident? Not confldent?
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a) If sach one of us can have direct acquaintance anly with
a singls mind, namely, his ouwn, then a sclsntific
paychology is impossible,.
b) A scientific psychology is impossible,

c) Each one of us can have dirsct acquaintance only with
a single mind, namely, his own,

ANSWER: Yea? No?
CONFIDENCE: Vary confident? Moderately confident? Not confldent?
a) If Mary is & true friend, then John is telling the truth.
b) Mary is a true friend,.
c) John is not telling the truth,
ANSWER Yes? Na?
CONFIDENCE: Very confident? Mederately confident? Not confident?
a) If his utterance has multiple sensse, then it is ambiguous.
b) His utterance does not have multipls sensss,
c) It ie not ambliguous.
ANSWER: ~ Yes? Na?
CONFIDENCE: Very confident? Moderately confldent? Not confident?
a) If I play poker, then peopls will take me as a msmber of

the upper classes,
b) 1 play poker.,
c) People will take me as & member of the upper classes,

ANSWER 3 Yea? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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a) If the contract is valid, then Horatlo is liabls.
b) The contract ia valid,
c) Horatio is not llable.
ANSWER? Yea? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If the patient is late for her appointmant, then she has

lost confidence in the doctar.
b) She has not lost confidence in the dsctor,
c) The patiesnt is not late for her appolntment,
ANSWER ¢ Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If Marianne belisved that Colonel Brandon was too old to

marry, then hsr conduct was not consistent with her bellefs.
b) Her conduct was not conslstent with her beliefs,
c) Marianne believed that Colonel Brandon wae too old to marry.
ANSUWER: Yas? Na?
CONFIDENCE: Very confldent? Moderately confident? Not confident?
a) If the prieoner was tricked into pleading guilty, then

the prisoner was denied due process of law,
b) The prisoner was not denied due procese of law.

c) The prisonsr was not tricksd into pleading guilty.

ANSWERs Yes? No?
CONFIDENCE: Very confldent? Moderately confident? Not confident?
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13,

14,

15,
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a) If a just peace is not achieved by democratic meansa, then
it is necessary to use violence.
b) A just peace is not achieved by democratic means,
c) It is not necessary to use viplence.
ANSWER: Yes? No?
CONFIDENCE: Very confildent? Moderately confident? Not confident?
a) If the murderer did not want to cover up a crime of theft,
then he committed a crime of passion.
b) He committed a crime of passion,
c) The murderer did not want to cover up a crime of theft.
ANSUWER Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If happiness consists in peace of mind, thenpsychology
is necessary for true happiness,
b) Happiress consists in peace of mind.
c) Psychology is neceasary for true happiness,
ANSWER: i Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If children are paid for all the jobs they do around the
house, then the family will be bankrupt.

b) Children are not paid for all the jobs they do around
the house,

c) The famlly will not bs bankrupt.

ANSWER: Yes? Na?
CONFIDENCE: Very confident? Moderataly confident? Not canfident?
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19.
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a) If Jones does not appear before the draft board, then
he has falled his medical examinatilon.

b) He has failed his medical examination.

c) Jones does not appear before the draft board.

ANSWER 3 Yes? No?
CONFIDENCE: Very confident? Moderately confldent? Not confident?

a) If sconomlc behaviour is the lifsless phenomenon portrayed
in economic models, then the significant attributes of
occupations are their skill and the supply and demand of them.

b) The significant attributes of occupations are not their
skill and the supply and demand of them,

c) Economic behaviour is not the 1ifeless phenomenon portrayed
in economic models,

ANSWER: Yes? Na?
CONFIDENCE; Vary confident? Moderately confident? Not confident?
a) If the two Great Powers come to an agreement, then we may
hope for peace for at least twenty years.
b) The two Great Pousrs do not come to an agreement.
c) We may not hope for peace for et least twenty years.
ANSWER: Yes? No?
CONFIDENCE: Very confident? Maderately confident? Not confident?
a) If all men are mortal, then the human race will some day
come to an end.
b) All men are mortal,.

c) The human race will not some day comes to an end.

ANSWER Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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20. a) If some responeible union official will meet with the
Federal conciliation official, then the management praposes
that the present investigation be continued.

b) Some responsible union official will meet with the Federal
concillation offlcial,

c) The management proposes that the present investigation
be continued.

ANSWER : Yes? No?
CONFIDENCE: Very confldent? Moderately confident? Not confident?

21, a) If water has a higher latent heat than air, then more
calories are needed to warm a given amount of water than
are needed to warm an equel amount of air,

b) Water has a higher latent heat than air,

c¢) More calories ere not needed to warm a given amount of
water than are needed to warm an equal amount of sir.

ANSUER ¢ Yes? Ne?
CONFIDENCE: Very confident? Mpderatsly confident? Not confident?

22, a) If inmheritance is an innate institution of a capitalist
sconomy, then its abolition would lead to a progressive
socielization of the ownership of producers'! goods.

b) Its abolition would lead to a progressive socialization
of the ouwnership of producers' goods.

c) Inheritance is an innate institution of capitalist economy.

ANSWER: Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?

23, a) If that citizen enrolls in a politlical party, then he is
forfeiting his independence.

b) That citizen enroclls in a political party.
c) He is forfeiting hls independence.

ANSWER s Yas? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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a) If all other circumstances are equal, then wages ara higher
in new than in old trades.
b) All other circumstances are not squal,.
c) Wages are not higher in new than in old trades.
ANSWER Yes? No?
CONFIDENCE: Very confident? Moderatasly confident? Not confident?
a) If the Roman Empire crumbled to dust, then it lacked the
spirit of liberalism and free snterprise.
b) It did not lack the spirit of liberaliem and free entarprise.
c) The Roman Empire did not crumble to dust.
ANSWER: Yea? Na?
CONFIDENCE: Very confident? Moderatsky confident? Not confident?
a) If society ie without sympathy and love, then I am not
responeible for my actions.
b) Society is without sympathy and love.
c) I am responsible for my actlans.
ANSWER Yes? No?
CONFIDENCE; Very confident? Moderately confident? Not confident?
a) If objects of art are expressive, then they are a language.
b) They are a language.
c) Objects of art are expressive.

ANSUWER? Yes? No?
CONFIDENCE: Very confident? Moderately confldent? Not confident?
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a) If the high price of corn is the effect aof an increasing
demand, then it is prescsdesd by an lncrease in wages,

b) It is not preceded by an increase in wages.

c) The high price of corn is not the effect of an increasing
demand.,

ANSUER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If that man is idle, then he is an apprentice.

b) That man is not ldle.

c) He is not an apprentics,

ANSUWER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If Smith 1s allowsed to be a judge in hia own cause, then

his interest wlll corrupt his integrity.
b) Smith is allowed to be a judge in his own cause.
c) His interest will corrupt his integrity.
ANSWER ; Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If we cen take eternity to mesan not infinite temporal
duration but timelessness, then eternal life belongs to
those who live in the present,

b) Eternal life belongs to those who live in the present.

c) We can take eternity to mean not infinite temporal duration
but timelsssness.

ANSUWER ¢ Yesa? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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a) If that woman is wealthy, then she has a weak deslre to
produce children.

b) That woman is not wealthy.
c) She doss not have a weak desire to produce children.,
ANSWER ¢ Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If extra-sensory parception is accepted as a fact, then
the doctrine of clairvoyance must be considered seriously.
b) Extra-sensaory perception is accepted as a fact.
c) The doctrine of clairvoyance muet be considered seriously.
ANSWER: Yes? No?
CONFIDENCE:; Very confident? Moderatsly confident? Not confident?
a) If Manpertius proposed to instltute psychological investlgations
by means of oplium, then hs wa® an ingenious man.
b) He was not an ingenious man,

c) Manpertius did not propose to institute psychological
investigations by means of opium,

ANSWER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If she looksbeautiful in the photograph, then the
photographer was very skilful in his use of lighting.

b) She looka beautiful in the photograph.

c) The photographer was not very skilful in his use af lighting.

ANSWER} Yes? Na?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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a) If Pluto has a diameter of more than 4,200 miles, then
an occultation occurred at McDonald Observatory.

b) An accultation did not occur at McDonald Observatory.
c) Pluto does not have a diameter of more than 4,200 miles.

ANSWER ¢ Yes? Na?
CONFIDENCE: Very confldent? Maoderately confldent? Not confldent?

a) If starving Hindus are sensible, they will slaughter their
cows for food.

b) Starving Hindus are sensible.

c) They will nat slaughter their cows for food,

ANSUWER: Yes? No?

CONFIDENCE: Very confident? Maderately confident? Not confident?

a) If food is constantly supplied to them, then the very
fiercest creaturss live peacably together.

b) Faood is not constantly supplied to them.

c) The very fiercest creatures do not live peacably taogether.
ANSWER: Yes? No?
CONFIDENCE:; Very confldent? Moderately confldent? Not confident?

a) If people who are tolerably fortunate in their cutward lot
do not find in life suffipcient enjoyment to make it valuable
to them, then the cause is, caring for nobody but themselves.

b) People who are tolerably fortunate in their putward lot do
not find in 1life sufficient enjoyment to make it valuable
to them,

c) The cause is, caring for nobody but themselves.

ANSWER: Yes? Ne?
CONFIDENCE: Very confident? Moderately confident? Not canfident?
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a) If thess laws burden the petitioners' right to wership God
in their own fashion, then the laws should be struck douwn.

b) The laws should be struck douwn,

c) These lauws burden the petitioners' right to wurahip God
in thelr own fashion.

ANSWER s Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If the license tax is laid specifically on the privilege
of disseminating ideas, then the license tax would infringe
the right of free speech,

b) The license tax is not laid specifically on the privilege
of disseminating ideas,

c) The license tax would not infringe on the right of free speech.
ANSWER: Yes? No?
CONFIDENCE: Very confident? Moderatsely confident? Not confldent?
a) If these children have a fsw more years of compulsory
education, then they will all end up gibbering idiots.
b) These children have a few more years of compulsory education.
c) They will all end up gibbering idiots.
ANSWER Yas? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If Hamilton held a considerabls number of mining shares,
then he left a large estate at his death.
b) Hamilton held a considerable number of mining shares.

c) He did not leave a large estate at his death.

ANSWER: Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
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) If Kingsley gives the name "fair sex" to that under-sized,
narrow-shouldered, broad-hipped, short-legged race, then
his intellect is clouded by his sexusl impulse.
b) His intellect is clouded by his sexual impulse.

c) Kingsley gives the names "fair sex" to that under-sized,
narrou-shouldered, broad-hipped, short-legged race.

ANSWER 3 Yes? Na?
CONFIDENCE: Very confident? Moderatsly confident? Not confldent?

a) If that question ie discussed freely, then it is ssttled
rightly.

b) It 1s not settled rightly.
c) That guestion is not discussed freely.
ANSLER: Yes? No?
CONFIDENCEs Very confldent? Moderately confident? Not confident?
a) If Mr, Jones iz the brakeman's next-door neighbour, then

Mr. Jones' annual earnings are exactly divisible by three.
b) Mr. Jonea is the brakeman's next-door neighbour.
€) Mr. Jonee' annual earnings are aexactly divisible by three.
ANSWER: Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?

8) If we interfere with the publication of false and harmful
doctrines, then we shall be guilty of suppressing the
liberties of othars.

b) We shall not be gullty of suppressing the libertiss of others.

c) We do not interfere with the publication of false and
harmful doctrines.

ANSWER 3 Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confidaent?
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a) If the market is perfectly free, then a single supplier
cannot affect prices,

B) A single supplier cannot affect prices.

c) The markat is perfectly free.

ANSWER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confldent?

a) If the car was drifting all over the road, then the driver
had a breathalyser reading above ,08,.

bB) The car was drifting all over the road.

c) The driver did not have a breathalyser reading above .08,

ANSWER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confldent?

a) If the Moseic account of the cosmogony is strictly correct,
then the sun was created on the fourth day.

b) The Mosaic account of the cosmogony is not strictly correct.

c) The sun was not created on the fourth day.

ANSWER: Yes? No?

CONFIDENCE: Very confident? Moderately confident? Not confident?

a) If Harrison was a cigarette smoker, then he died of lung
cancer.

b) Harrison was a cigarette smaoker.

c) He did not die of lung cancer.

ANSWER Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?



52,

53.

54,

55,

385 ]

a) If Harold entered into the contract, than the bank will
lend him monsy.

b) The bank will lend him money,
c) Harold entered into the contract.
ANSUWER: Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If people like to live with their in-lawa, then housing

is scarce.
b) People like to live with their in-laws,
c) Housing is scarce.
ANSHWER? Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If prices sre low, then sales are high.
b) Sales arse not high.
c) Prices are not low.
ANSWER ’ Yes? No?
CONFIDENCE: Very confident? Maderately confident? Not confident?
a) If every witness is telling the truth, then Bluenose

will be found guilty,
b) Every witness is not telling the truth.
c) Bluenose will not be found guilty.

ANSWER: Yes? Na?
CONFIDENCE: Very confident? Modsrately confident? Not confident?
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a) If either weges or prices are ralssd, there will be inflation.
b) There will be inflatlan.
c) Either wages or prices are raised.
ANSWER Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If there are government subsidies of agriculture, then

there are government controls of agriculture,
b) There are not government subsidies of agriculture.
c) There are not government controls of agriculture.
ANSWER? Yea? Na?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If Henry graduated from medical school, then his income

is very high,
b) Henry graduated from medical school.
c) His income ls not very high.
ANSWERS Yes? No?
CONFIDENCE: Very confident? Moderately confident? Not confident?
a) If the governor favours public housing, then he is 1n

favour of restricting the scope of private enterprise.

h) The governor favours public housing.

g) He is in favour of restricting the scops of private
enterprise,

ANSWER Yea? No?
CONFIDENCE: Very confident? Moderately confident? Not confldent?
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60. a) If Mrs, Elton is a snob, then Mrs. Bates is a bare.
b) Mra, Bates is not a bore,.
t) Mrs. Elton is not a esnob,

ANSUWER: Yes? No?
CONFIDENCE: Very confident? Moderately confldent? Not confident?
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