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CHAPTER I
INTRODUCTION

In discussing the field of human thinking and problem solving it is
of interest to define the process of forming concepts and determining the
ways in which these concepts are applied once formed. Bruner, Goodnow, aend
Austin (1956) discuss these topics at length. The process of forming con=
cepts 18 bagically one of categorizing, which enables an individual to ren-
der discriminably different stimuli equivalent; this in tuwrn lesgsens the
confusion stenming from many sources of envirommental stimulation. Specifi-
cally, concept attaimment could be defined as the process of finding predic-
tive defining ettributes distinguishing exemplars from non-exemplars of a
class one seeks to discriminste. In the process of concept attainment an
individual learns to isolate and use defining attribut~s of a positive in-
stance of the corcept -~ that is, instances which exemplify the concept.
These attributes ere used ag criterial bases for usable concept categories.
It can be said that a good deal of the interaction between an individual and
his énvironment involves dealing with classes or categories of things rather
than with unique objects or events.

In defining concepts, certain dimensions on which the stimuli belomging
to a conceptual class vary are important; these are termed relevant, as




opposed to irrelevent dimensions. Dimensions have at least two values or
attributes or values; for instance, blue and green are two different values
in the color dimension.

Investigations of human concepturl behavior cen be divided into two
general groupings - reception procedures and selectiom procedures. Reception
procedures generally involve getting a subject to learn how to categorize
many patterns of stimuli; in many cases they are also told the relevant
stimulus dimensions. The selection procedure is more recent and was given
impetus by Bruner, Goodnow, and Austin., The subject is presented with a
stimulus populstion, with one member teken as illustrative of the concept to
be ettained. He then proceeds to make hypotheses about the solution, select-
ing instences and revising incorrect hypotheses until the correct concept is
attained. This procedure allows the experimenter to determine if the subject
is using any systematic strategy or plan of attiack to attain the solution.
Each selection of an instance, positive or negative, contains the crucial
elements of stimulus, response, and informative feedback (Bourne, 1966).

Bruner et al. have gone farther and have broken down concept attainment
into hypotheses, strategies, and decision making. Decisions are made in
sequence, and later decisions ere contingent upon earlier ones. Regular
modes of doing this were identified end labelled as strategies. Two basic
selection strategles were named--focusing end scanning. Generally, focusing
involves testing the relevance of all possible hypothese involved in & per=
ticular attribute or attributes by selecting an instance differing in one
(conservative focusing) or more then one (focus gembling) attributes from a
particular focus card. Scanning involves testing specific hypotheses singly
(successive scanning) or all at once (simultaneous scanning) or some inter-




mediate number (Laughlin, 1965). The scanning strategies place & large de-
mafd upon memory, for to use successive scanning effecti.ely & subject must
remember all hypothesee tested and rejected upon earlier instances plus all
instences encountered, to keep new hypotheses in accord with them. Simul-
taneous scanning involves remembering a large number of possible solutions.
Reception designs have also isolated partist and wholist approaches; wholists
focus upon all ettributes of the first positive instance and modify their
hypotheses on the basis of informetion obtained upmn succeeding instences.
Partists' initial hypotheses contain one or more, but no all, attributes of
the first posiiive instence. These strategies are enalogous to focussing end
scanning in the selection pepradigm (Bourne, 1966). It should be noted that
strategies as ideally formulated are not necessarily utilized by the subject,
the way the strategies were ectually used in prectice could be determined

by comparing the subject's actual performance with the sterdards set by ideal
strategles.

Also involved In the formetion and atteinment of concepts are concep~
tual rules; these egpecify how relevant attributes are combined to classify
stimuli. Bourne emphmeizes that rules and attributes define specific con-
cepts but are definitely independent. For exemple, "green and trianguler”
is & specific concept; but these same attributes could be combined by the
rule "green and/or trianguler.” Using this distinction, Haygood end Bourne
(1965) have divided all conceptual behavior into two basic components-Rule
Learning (RL), in which the relevant attributes are known, end Attribute
Identification (AI), wherein pubjects begin their tesks lknowing the rule
under consideration. These investigetors have performed experiments to
demonstrate both types of conceptusl behavior. In addition, they have added




& third type - Complete learning (CL), in which both relevant attributes and
relevant rule are unknown. Performance on four different concept rules was
compared; these rules were conjunction (both A and B are required), disjunc-
tion (either A or B is required), Joint denial (neither A nor B can be present
and conditional (if A is present, then B must be also). Each subject had to
work on five successive problems of the same type; the reception procedure,
as outlined previously, wes usedi. Haygood and Bourne found that, on the first
problem, the rules differed markedly in difficulty, with conditional and dis~
Junctive showing the most errors and most trisls to solution. Since these
differences diminished over successive problems, the authors felt that the
differences could have been due, at least in part, to relative familiarity

of the subjects with the different conceptual rules. After all five problemsgy
performance on AI and CL was elmost identical, suggesting that over trials
the rules were learned and remaining differences were due to the process of
identifying relsvant sttributes. Since many theoretical interpretations of
conceptual learning have been based upon the identification of relevant st-
tributes regardless of the rule condition dealt with, the asuthors offer the
attribute-rule distinction as & useful one for future research.

Because rules represent such an important dimension in the detemmination
of conceptual behavior, much research has been devoted to differentiating
among them. In an important pioneering study using the selection procedure,
Bruner, Goodnow, and Austin (1956) found disjunctive concepts more difficult
to attain than conjunctive. Another early study of possible differential
difficulty of conceptual rules was thet of Hunt and Hovland (1960)., The pro-
cedure used wvas to determine which rule & subject would choose if given e
cholice of three rules vhich were consistent within a stimulus grouping. The




rule choices were conjunctive, disjunctive, and relational (e.g. A is larger

then B). Subjects were shown & series of petterns designated as positive

or negative. During the actual test series they were to select those designs
they believed to be positive instances of the concept preceding. Under these
conditions conjunctive and relational concepts were selected significantly
more frequently then disjunctive ones. The investigators, however, question
the generality of the population of concepts used in their experiment. The
format of presenting the subject with a choice of describing a group of pos~
itive and negative instances as ome of two possible concept rules was used
by Wells (1963). He found that the conjunctive rule vas almost alweys chosen.
Some subjects were confronted with a situetion in which only the disjunctive
solution was correct; this was followed by a case in which either rule could
be used. The results showed that subjects given some disjunctive training
showed significantly greater preferences for the disjunctive solution than
subjects not receiving such treining. Wells argued for a natural "set" for
conjunctive solutions, which is brought into the experimental situation,
There is & definite similarity between Wells' findings and those of Haygood
and Bourne, in which differences between conceptual rules declined as a
function of prectice.

Differences between conjunctive and disjunctive solutioms were also
studied by Conant and Trebasso (1964). A selection procedure was used;
subjects solved both types of concepts, and again disjunctive concepts were
significantly more difficult to attain, In addition, more negative and more
redundant ingtances were chosen in disjunctive situations, These investi-
gators belisved that the rule differences were due primerily to differences
in the required usage of positive and negative instances. Since subjects




appeared to utilize information contained in negative instances less readily,
disjunctive solutions should logically have been more difficult. This is
true because the attaimment of a disjunctive concept requires much greater
use of negative instances. These explenstioms of differential yrule diffi.-
culty also appear plausible in light of the work of Hovlend and Weiss (1953),
vho found that correct concepts were attained more readily vhen subjects were
presented with @ series of positive instences, Again, however, these differ~
ences appear to be modifiable with sultable training.

One of the most extensive investigations of difficulty of different
concept rules was that of Nelsser and Weene (1962). This study showed ten
separate rules based upon concepts containing two relevant attributes. The
authors arrange their rules into three hierarchal levels of complexity. The
simplest is level I, featuring only simple affirmation and negatiom. Ievel
II features conjunctive or disjunctive rules, wvhile level III contains rules
thet are composites of confunctive and disjunctive, level I concepts include
simple aff{zxmation and negation; the relevant attribute is either present or
absent. level II concepts include canjunction, disjumction, exclusion (A and
not B), disjunctive absence (not A snd/or not B), conjunctive absence (not
A and not B), end implicetion or conditiomsl (1f A then B). lLevel III con=-
cepts include exclusive disjunction (either A or B but not both) and bicon-
ditional (if A is present then B must be also; if neither 1s present, the
instance 1s still positive). This threefold hierarchy is based upon levels
of structural complexity. On this basis, attaimment of s higher concept
depends upon ettaimment and utilization of concepts at lower levels; this is
posited by the authors to correspond to e hierarchal arrangement of concep-
tual processes in the person. In this schema, Level III concepts are not




learned as such but are constructed from their component perts st lower
levels. The data, based upon verbal coneonants, support & hierarchal order
of concept difficulty such as the hypothesized one. The processes of nega-
tion, conjunction, and disjunction are posited by the experimenters as basic
to the hierarchy. Haygood and Bourne point out that differences in difficul-
ty between the three levels could be considered in terms of stimulus uncer-
tainty. lLevel III concepts show no homogeneity or communality emong individ-
ual stimulus patterns in either positive or negative categories; thus, high-
ly efficient stretegies based upon the discovery of common attributes must
be abandoned. Haygood and Bourne define rule complexity in terms of contin-
gencles defined by the presence and absence of focal attributes. For mstance}
if redness and squareness are selected as focal attributes, the four contin-
genciea so defined are red square, red-not square, not-red square, and not-
red not-square. When two focal attributes are selected for relevancy, the
four contingencies are mapped upon & two-response system comsisting of exam-
Ples and non-examples of the concept. Using this procedure, Level III con-
cepts could be shown to have a 2-2 split in response contingencies, while
Ievel II concepts are featured by a 3-1 split; the level III concepts are
theyrefore characterized as possessing more stimulus uncerteinty.

A study performed by Laughlin and Jordan (in press) employed conjmctive,
disjunctive, and biconditionsl concepts. For the criteria of number of
card choices and time to solution, disjunctive concepts were significently
more difficult than conjunctive, but there were no differences between con-
Junctive and biconditional. The first finding agrees with those of Brumer .
et al., Conant and Trabasso, and Hunt and Hovland, but the second is at
variance with that of Haygood and Bourne. The latter investigators found




conditional and biconditional concepts more difficult than inclusivé dis~-
Junction and conjunction in respect to rule learning. ILaughlin and Jordan
trace the differences partly to the differences baetween selection and re~
ception procedures; since Haygood and Bourne used programmed sequences with
equal mumbers of positive and negative instences, subjects were more likely
40 drav negetive instances useful for the solution of concept rules cther
than conjunctive than would be the case for the selection paradigm. Also,
Haygood end Bowrnme's four-attribute snd three-value concept universe could
be contrasted with Iaughlin and Jordan's six-attribute and two value universe;
biconditional concepts could become relatiteldy more difficult than other
types a&s number of velues per attribute increases. Another experiment foumd
no differences between conjunctive and biconditional rules in regard to
relevant and irrelevant stimulus dimensions (Kepbos and Bourne, 1963); this
indicates an element of similarity between them,

The foregoing discussion illustrates the importance of conceptual
rules for grouping relevant attributes in the concept attalmment process.
Another important dimension is the amount of strain shet the conceptual
Process places upon the memory of the subject. In their original work
Bruner, Goodnow, and Austin have recognized the differentisl demands that
focusing and scamning strategles make upon memory; they posit the focusing
strategy as a generally more efficient one because the process of isolating
relevant asttributes is less of & memory load than the scanning approach of
eliminating irrelevant hypotheses. Bourne (1966) notes that the memory
variable arises both in selection and reception designs; typically, in both
cases more instances are needed to attain a concept than the bare minimum

number dicteted by the strategies. This finding in turn is relsted to




individual differences in the ability to retain essentisl information.

Several studies have attempted to demonstrate the effects of memory
requirements upon conceptual tesks by campering performance on successive
and simultaneous presentation of stimulus material. One such study was
that of Cehill and Hovland (1960}, In genersl they found that performance
was superior in cases where the complete population of stimulus material was
available to subjects; most errors were due to a fatlure to make use of
prior instences in the ways necessary to meke essential inferences. They
also found a recency effect; wrong solutions were likely to occur in accord-
ance with the remoteness in time of previously presented but umavailable
stimuli. Such findings seem to be congruent with the theoretical groundwork
laid by Underwood (1952); this author spoke in terms of response contiguity
in concept learning, which could well be influenced by memory factors.

An extensive review of literature on the topic of memory effects in
conceptual tasks was campiled by Dominowski (1965). Among the studies cited
by Dominowski were those of Hunt (1961), who performed a series of three
studies to tastrthe manner in which intervening concept instances interfere
with memory. Subjects derived a concept on the basis of positive and nega-
tive instances shown in a training series; several key instances in the
training trials wvere required to identify unknown test instances as positive
or negative, depending upon the concept acquired during training. In each
experiment the key training instances were separated from the test trials
by a different number of intervening instances, The trend of the data wes
tovard a linear relstionship between intervening trial-test stimuli and ine
consistent test instance hypotheses. This is offered as evidence for the
interference with retention of essentisl informetion by intervening instences,




The experimental conditions thet can add to the subject's cognitive
memory load are meny end varied. For instance, Leughlin (1965) found that
focusing sbrategy was used more with two persom groups engaged in a concep=-
tual task than for siggle individusls., Although this difference on number
of card choices to solution was not upheld by the Taylor-McNemar correction
model, Iaughlin suggests that the findings could be due to better memory
conditions for the groups, as reflected by fewer card choice repetitions as
well as fewer hypothesis repetitions and untenable hypotheses, In addition,
the opportunity for group discussion could bhave aided them in realizing that
focusing 1is a strategy that reduces memory loads and &llows & constent in-
crement of information with every new card choice. However, laughlin and
Doherty (1967) found that group discussion did lead to fewer card choices,
fewer untensble hypotheses and more time to solution, but memory as measured
by the use of paper and pencil had no significant effects; no mein effects
were found for focusing end scanning strategies 2s well,

In discussing the role of memory in conceptual processes, including
the simailtaneous and successive presentation methods referred to earlier,
Bourne, Goldstein, and Link (1964) characterize the results as being on an
availability dimension, defined as number of previously exposed stimull avail-
able to the subject for inspection on any given trial. By systematically
varying the number of stimull aveilable on any given trial, Bowrme &t al.
hoped to obtain an estimate of the effects of the availability dimension.
Their overall finding was that greater requirements for retaining information
lead to poorer conceptusl performance; this effect can even overshadow infer-
ential mistakes, Finally, those memory errors due to lack of availability
of previously exposed stimilus material are a function of task complexity;




more complex conceptual taske lead to greater interference from memory
errors.

The present state of research in the area of concept attaimment is
such that the differences between conceptual rules, though evident in some
cases, have not been thoroughly delineated. As Haygood and Bowrne have
emphasized, future research designs in the field must tike account of rule
differences regardless of whether attributes, rules, or some combination of
both are being explored. The application of selection strategies to differ-
ent conceptual rule types should eid in the precise determination of concep-
tual rule difficulty. Virtually all experiments up till the present have
restricted this application of selesction strategies to conjunctive and
disjuncbivgeconditions. Laughlin and Jordan (in press) have formulated quenti
tative scoring rules for the focusing and scanning strategies in conjunctive,
disjunctive, and biconditional types. In doing so they found more focusing
for conjunctive problems than disjunctive, and more focusing for bicondition-
al than disjunctive, In addition significently less scanning was found with
inclusive disjunction than with the other two types used in the experiment,
The present study has extended quantitative scoring rules for selection stra-
tegies to two additional rule types. The full range of conceptunl types
covered in the present study wes as follows: 1) Conjunction=- concepts are
defined by the jJoint presence of two or more values. "Both values A and B
must be present.” 2) Exclusive dishmction- two alternatives are implied,
but there is a restriction. "Either A or B must be present, but both camnot
be present at the same time."” (If neither value is present, than the result
is the same as when they are both present~ the conceptual conditiomns are not
satisified). 3) Biconditional- & double implication is present, insofer as




the presence of one relevant value implies the presence of the other. "If A
is present than B must be present, and if B is present then A must be present.]
If neither A nor B is present, then the instance is positive because the con~-
ceptual rule conditions have not been violated, L) Exclusion- jJoint presence
1s required, but ane of the values is stated in negative terms. "A must be
present but B must not be." Every exclusion concept ca- be stated two ways;
the above concept could alsoc be stated: "non<B must be present and non-A
must not be.” 5) Conjunctive absence~ Joint presence of two values is
required, but both values are stated in negative terms. "A must not be
present and B must not be present." Of these conceptual rule types, all
belong to the second level of Neisser and Weene's hierarchy except for bi=-
condit’isnsl and exclusive disjmetion.

In addition to applying the focusing and scanning strategies to the
above rules, the present study also investigated further the effect of differ~
ential memory burdens in concept attaimment by utilizing two different memory
conditions. It was hypothesized that & difficulty differential for different
rules would appear both in performance in using the two selection strategles,
as well as performance upon the gross efficiency measures of card choices
to solution, untenabls hypotheses, and time to solution. If the differences
in memory load were factors in performence, as memory loed is manipulated in
this study, then the seme measures would have reflected them as well, More
specificially, since focusing and scanning as measured by the scoring rules
used in this study are efficiency meesures based upon number of card choices
to solution, their relative effectiveness as strategles should have decreased
in more difficult conceptual rules and experimentel ccuditions calling for
2 heavier memory load. Finally, on the basis of studies utilizing the sel-




ection procedure previously, no positive inter-problem transfer effect was
hypothesized (laughlin end Jordan, in press; laughlin, 1965). Possible sige-

nificant interasctions emong the independent variables were alsc investigated
in this Btudy.




CHAPTER IIX
METHOD

Design and eubjects.-= A 5 X 2 X 3 repeated measures factorial design
was used with the varisbles: a) concept rule (canjunctive, disjunctive,

biconditional, exclusion, conjunctive absance); b) use of paper and pencil
(allowed and not allowed); c) problems (three per subject).

SubJjects were 80 Loyola University undergraduate students enrolled in
psychology courses. They were randamly assigned to the various experimental
conditions in equal numbers per conditiom.

Non-golvers. Two criteria were used to deine non-solvers of problems
whose data was not included in the analyses. These criteria were as follows:
a) the Subject did not attein the required concept for the first problem in
sixty minutes time or less. b) The Subject did not sttdin the required
concept for the first problem in twenty card choices or less. Both criteria
were used to define a non-solver; if a Subject exceeded cme of the criterion
standards, he was allowed to comtinue with the full series of three Problems.

Using the above criteria, two Subjects were excluded from the exclusive
disjunction cell and ome was excluded from the exclusion cell,

Those subjects given wrong information by the experimenter (e.g. were
told that a positive instance was negative) were dropped and their deta was

-lu -




considered invalid. Nine subjects were dropped for this reason, regardless
of whether they were solvers or non-solvers.

Stimulus display and problems.--The stimulus displey was a 28 X L4
inch white posterboard containing en 8 X 8 array of 64 2 1/2 X 4 inch cards
drawn in colored ink with dark outlines. The 64 cards represented all possibld
cambinations of six plus and minus signs in a row. Each position had a dif-
ferent color (e.g. first position was always blue). The name of the color
vas the attribute, while plus or minus represented the value of each color;
e.g. attribute red: wvalue: minus,

The cards were systemastically arranged upon the display board. Thus,
the top four rows were blue plus and the bottom four rows were blue minus,

The following concept rules were used:

1) conhmetion~concepts are defined by the joint presence of two values.
For instance, black plus and yellow minus.

2) Exclusive disjunction-conceptusl type implies en either/or relationship,
but has a restriction upon it; for instance, either black plus or yellow
minus but not both.

3) Biconditional-double implication; the presence of one value implies the
presence of the other., For instance, if black plus then yellow minus. The
concept allows for & nom-contredictory positive instance; this occurs when
the opposite of both stated values appears on the positive card. For instance,
the combination black minus and yellow plus on a positive instance of the
above exsample.

}) Exclusion-the joint presence of two values is required, but one of them
1s stated negatively. For instence, Black plus and not yellow plus. This
concept cen also be stated as yellow minue snd not black minus.




5) Conjunctive sbsence-the joint presence of two velues is required, end
both values &are stated negatively. For iastence, neither black minus nor
yellfw plus,.

Corresponding problems for the five cancept rules had the seme relevent
attributes and values. The number of relevant attributes was always two.
Within each rule-memory condition, 8 subjects were used, with each S required
to solve three problems. Required problems end initisl cerds were randomly
selected. Each S's problems were of the seme concept rule type; e.g. black
and green minus, red minus end orenge plus, end blue plus end orange minus
could represent the triaed of problems en S assigned to the comjunctive con~
dition had to solve, Instructions to use or not use pencil and paper remained
the same throughout each §'s series of three problema.

Progedure--Each S was given a 3 X 5 inch typed index cerd which thore
oughly explainsd the concept rule. Bach card contained an exsmple of the
concept wnder consideration, to which § could refer throughout the course of
nis three problems. The complete text of the instructions was as follows:

"This 1s en experiment in thinking. There ere 64 cards on this boerd,
errenged in 8 rows of 8 cards each and mmbered from 1 to &4, These cards
are all the possible cambinations made by taking 6 colors, each color being
either a plus or a mimus. (The 6 colors were pointed out, each a plus or a
minus). The colors ere called sttributes, and the plus or minus are called
values,

These carda cen be grouped together or categorized in a large number of
possible ways by following & specified rule. This rule defines a concept,
and & concept is the group of all cards that setisfy the rule.

(Conjunction) The rule is that the caxd must bave both e particulsr




value (plus or minus) on ome color and & particular velue on another color.
For exeample, all the cards with a black plus and 8 yellow plus are the cone
cept, "black plus, yellow plus.” Or, all the cards with both a blue minus

or & red plus are the concept "blue minus, red plus."”

(Exclusive disjunction) The rule is that the card must have either a
value (plus or minus) on ane color or a value on another color but not both.
For example, all the cards which have & black pius or a yellow plus but not
both a black plus and a yellow plus are the concept “"black plus and yellow
plus but not both.” Or, all the cards which have & blue minus or a red plus
but not both & blue minus and a red plus are examples of the comncept "blue
minus or red plus but not both.”

{Biconditional) The rule is thst if the card has a value (plus or
minus) on one color, then it must have a value on e second color and vice=
versa, For exsmple, if the caxrd has a ysllov plus then it must have a black
"plus to be a member of the concept "if black plus, then yellow plus, and vice=
versa," and if it has a black plus, then it must have a yellow plus to be a
member of the concept "if yellow plus then black plus end vice-versa.”
Finally, 4f the card has neither a black plus nor & yellow plus, then it
still satisfies the rule "if yellow plus then black plus." Or, if the card
has a blue minus, then it must have & red plus to be & member of the concept
¥1f blue minus then red plus and vice-verse;" and likewise, if the card has
a red plus, then it must have a blue minus to be a member of the concept
"if blue minus then red plus end vice-verss.”

(Exclusion) The rule is that the card must have a particular value
(plus or minus) on one color and must not have a particular value on another

color. For example, the cards which have a black plus and do not have &




yellow plus erve the concept "black plus and not yellow plus.” Or, all the
cards which have the blue minus and do not have a red plus are an exsmple
of the concept "blue minus end not red plus.”

(Conjunctive absence) The rule is that the card must not have a value
(plus or minus) on one color and must not have a value on another color.
For example, all the cards which do not have a black plus or a yellow plus
are examples of the concept "neither black plus nor yellow plus.” Or, all
the cards which do not have a blue minus or a red minus are an example of the
concept "neither blue minus nor red minus.”
In the problems I will have same concept in mind and your job will be to de=
termine what it is. I'll stert you off by giving you the number of one of
the cards that is included in the concept; that is, one of the group of
cards that exemplify the concept I have in mind. Then you will select eny
card you wish to in order to get information as to whether the card you
selected ic also included in the concept. If the cexrd you selscted is inclu~
ded in the comcept, I will say "yes," and if the card you selected is not
included in the concept, I will say "no." To be included in the rule, it
must exactly satisfy the concept. (Give exsmples of e card that possibly
satisties one aspect of the rule, but not entirely the rule.)--a card that
is half right). Then, you will make a hypothesis as to what concept you then
think I have in mind. If your hypothesis is correct, I'1ll say yes and you've
solved the problem. If your hypothesis is not correct, I'll say no. A "no"
means thet your hypothesis is not enkirely correct, slthought it might be
partially correct. (Give a parsllel exsmple of & partially correct hypo-
thesis to the ome given above), If I say "no"™ you select another card and
again I'1l say yes or no depending upon vhether the card you select 1s in-




cluded in the concept, and egain you will make a hypothesis and I'll say
"yes" or "no" to the hypothesis. So, you keep repeating the procedure of
selacting a card and making a hypothesis until you've solved the problem.
The object is to solve the problem in as few card choices as possible,
regardless of time,

For peper subjects = You can use this paper if you wish to take notes
and help your memory."

Than the comepf rule was reiterated and further examples were given

1f necessary.




CHAPTER III
RESULIS

The data were analyzed for the dependent wvarisbles card choices to
solution, focusing strategy, scamning strategy, meen time to solutiom, and
untenable hypotheses. Throughout the results section, the following
abbreviations were used: C ~ conhunction, D ~ exclusive disjunction,

B ~ biconditional, E - exclusion, and A - conjunctive sbsence.

Card choices to solution, The mesn card choices to solution for
conjunctive, digjunctive, biconditional, exclusion, and conjunctive absence
rules for three problems are in Table 1, Results of the anslysis of variance
for card choices are in Table 2. The graph of mean number of card choices,
suming over paper and no paper groups, plotted against the three problems
is in Figure 1,

-20 -




b T Ot

Problem

Three
Total

Problen

Three
Total

Table 1

Mean Card Choices to Solution for Three Problems

513
T.13
- 2,88
5.1

8.63
6,00

k.38
19.0

Paper
D
10.8
675
8.38
25.9

No Paper
D

9.7T5

6425

5450

21.5

B
9.63
10.5
k.25
2h

12.5
13.8
8.88
35.1

B
9.00
3450
7.38
199

11k
6425
8.13
25,8

10.9
5.13
3.75
13.8

9.38
5.00

8.50
22,9

Total
45.39
33.01
26.%

Total
51.64
37.25
35.39
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Table 2

Analysis of Varianc: for Card Choices to Solution

Source
Memory (M)
Rule (R)
MXR
Error (B)
Problems
PXM
PXR
PXMXR
Error (W)
#%p <01

FoFE P
29

%0

M8
98.82
112,19
39.90
T3.47
267.82
4,06
54439
18.73
37.64

E
1.3%
1.53

T.12%%

1.k
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Figure 1

Meen Card Choices to Solution Plotted Against
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The only significant effect for the card choices to solution measure
was for problems, with card cholces needed for solution decreasing over three
problems (F (1, 140)= 7.12, p <.0l), Since there were no significant differ-
ences between memory conditions, rule, nor eny significant interactions be=-
tween these varisbles, Duncan Multiple Range Camparisons were performed on
the three problems suming over the other variables. There were significant
differences between performance on problems three and one and between problems
tvo end one (p <.Ol1), but not between problems two and three. (See Appendix
1). Trend snalysis was then performed to assess the linearity of the trend
toward improvement across problems; the linear trend wag significant
(F (1, 140)= 13.02, p.<Ol). The quadratic effects was nonsignificant
(£ (1, 140)~ 2.72). (Bee Appendix 2).

Focusing strategy. Focusing strategy was scored in the following
manner, For conjunctive problems, each new card choice had to obtein infore
mation on one new ettribute. New informetion was obtained if the card choice
altered only one attribute not previously proven irrelevant (conservative
focusing), or, if more than one sttribute was altered (focus gsmbling), the
instance was either positive or the ambiguous information was resolved on
the next carxd choice by altering omnly one attribute. Secomnd, if a hypothesis
wag made it had to be tenabls considering the information available, Unten=~
able hypotheses were of two types: 1) & hypothesis for e value of an attrie
bute when the other value had occured on & positive instance; for example,
the hypothesis "green plus and red plus” would be untensble if green minus
had occured on a previous positive instance., Or, 2) a hypothesis for a value |
vhich had occured on a previous negative instance, For example, the hypo-
thesis "green plus and red plus" when green plus hed occured on & previous

__negative ingtance,
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For biconditionsl problems, information hed to be obtained on new
attribute on a card choice, either by changing ome attribute at a time, as
per conjunctive focusing, or by changing five attributes at a time, For
example, if the subject selected a positive instance changing every attribute
from the problem card except for green plus, then the attribute green has
been shown to be irrelevant. Only conservative focusing was scored for
biconditionals; positive focus gambling cannot apply. For example, if the
correct concept was "if red plus then green plus and vice-versa,” a card
containing the combinstion red minus end green minus would also be positive;
thus, a subject could eliminate both rdlevant etiributes by eliminating more
than one sttribute on a positive instance, If s card choice was negative and
nore than one and less than five attributes were changed, ambiguous informe-
tion could have been resolved via focusing by changing one or five attributes
on the following cerd choice. A hypothesis had to be tenable considering the
information aveilable. Untenable hypotheses were of two types: a) a hypo-
thesis for 8 value of sn attribute vhen the oppousite of one of the wvalues
b ut not both had previously occured omn & positive instance. For example,
the hypothesis "if red plus then green plus and vice-versa” would be untenable
if only red minus had appesred on a positive instence. Or, b) a hypothesis
for e value vhen both values or the opposite of both values had previously
occured on a negetive instance. For exemple, the hypothesis "red plus and
green plus" would be untenable when red minus and green minus occured bogether
on a previous negative instance. Finally, credit for eliminating en esddition-
al attribute was scored vhen the direct opposite (non-cantradictory) form of
the concept to be attained was given by the subject. Since the presence of
one relevant attribute in a biconditional concept implies the presence of




the other, the presence of neither relevant attribute on sn instance would
not contradict the conceptunl conditions for a positive instance. For
exsmple, if the concept to be attained wes "if red plus then green plus end
vice-versa,” and the subject made the hypothesis "if red minus then green
minus and vice-versa,” he was given credit for eliminating an additiomal
attribute because his hypothesis was tenable considering the informstion
available.

For exclusive dighmction problems, focusing strategy is scored in the
same way it is scored for biconditional problems, except for umnteneble hypo-
theses which could have been of two tydes: a) zame as {irst rule for bicon-
ditionals; b) a hypothesis for & value when both values had previously occured
together on a positive instance. For example, the hypothesis "red plus or
green plus but not both" when either the combination of red plus-green plus
or the combination red ﬁinus-grecn minus had appeared {ogether on a previous
positive instance.

For exclusion concepts, scoring of focusilig strategy wes identical with
that for conjunctives with one addition. As noted previously, every exclue-
sion concept can be stated two ways, both of which are equivalent., For in-
stance, the exclusion concept "red plus and not green minus" cen be stoted
green plus and not red minus" and both are equal. Therefore, if the subject
had to attain the concept "red plus and not green minus" and gives the hypo-
thesis "green plus and not red minus,” he was given credit for eliminating
an additional attribute because his hypothesis wes tenable considering the
information available.

For conjunctive absence problems, focusing strategy was scored the

same way as it is for conjunctive problems in every respect. The only con-
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dition for doing this was translating each absence hypothesis into a conjunc-

tive hypothesis; for example, "not red plus snd not green plus” must be

translated into "red minus and green minus” and can then be scored as a

conjunctive problenm.

The mean focusing scores for conjunctive, disjunctive, biconditiomal,

exclusion, and conjunctive sboence rules for three problems asre in Table 3.

Results of the analysis of variance for focusing are in Table 4., The graph

of mean focusing stretegy, suming over paper and no paper, is in Figure 2,

Problem

Three

Total

Problem

Three

A25
373

595
1.38

393
540
STh
1,51

Table 3

Paper
B
239
261
53k
1.03
No Paper
B
239
215
405
-859

Mean Focusing Strategy over Three Problems

1.29

«331
Skl
Lh3
1.31

<Ok9
A25
«324
798

236
214

«353
803

Total
1.02

1.96
2,20

Total

1.33

1.75
2.19




Source
Memory{M)
Rule(R)
MXR
Expor(B)
Problems
PXM
PXR
PXMXR
Error(W)
#p .05

Table 4
Analysis of Variance for Focusing Strategy

a.z. M8 ]
1 01
4 A9 3.TT™
i 03
T0 13
2 950 10,008
2 L0
8 .12
8 «09
140 <09
*%p .01




Figure 2
Mean Focusing Strategy Plotted Against
Three Problems (Suming over Paper-No Paper)
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The effect for rule was significent (E(k. 70)- 3.T7, p.<.05). The
problens effect vas also significant, with an increase in focusing from
problem one to problem three (F (2, 140)- 4,76, p.<.0l). Duncan Multiple
Range Comparisons were performed for differences between rules, suming over
paper-no paper conditions and over problems. Significantly more focusing
vas found for canjunctive than for disjunctive rules (p<,0l), more for cone-
Junctive than for conjunctive sbsence (p {.0l), more for conjunctive than for
biconditional (p <.05), more for exclusion then disjunctive (p<.05), and
more for exclusiom than for comjunctive absence (p<.05). (See Appendix 1).

The Duncan Comperisons for problems, summing over memory end rules,
gshowed the differences between problems three and one and between problems
two snd one to be significant (p <.01). (See Appendix 1). Trend analysis
showed the problems effect to be significantly linear (F (1, 140)- 18.62,
p<.01). The quadratic effect was non-significant (F(1,140)-1.23). (Bee
Appendix 2).

Scanning strategy. Scanning stretegy wes scored in the following mammer
For conjunctive problems, each cerd selected by the subject was compared with
the original problem card. If the selected card was positive, all concepts
differing on the given and selected cards were eliminated; if the selected
card was negative, all hypotheses identical on the given and selected cards
were eliminated. The total number of concepte thus eliminated plus concepts
eliminated by direct hypothesis wes divided by the total number of card
choices to give the averasge number of hypotheses eliminated per cerd choice.

For exclusive disjunction problems, each selected card was compared
with the original problem cerd., If the selected card was positive, then
only concepts which involved combinations of attributes differing from and
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identical with the given card were eliminated. Concepts involving combina-
tions of attributes identical with the given card snd combinstions of attri-
bubsesdiffering between given and selected cards wers not eliminated,
For exsmple, if the original card contained thg combination orange minus and
blue minus and the subject chose a card containing the combinetion orange
plus and blue plus or orange minus and blue minus, and the card was positive ,
then orgnge and blue r@ained a8 a tensble combination. If the selected card
was negative, then all hypotheses ldentical between given and selected cards
were eliminated,

Since the originasl m-oblm card could heve contained either one of
the two values (8.g. either red plus or green plus) end each negative card
could have contained either both or neither of the values, e.g. either red
_Plus and green plus or red minus and green minus, end subjects were not
informed which was the case, the direct opposite of each tenable hypothesis
was itself tenable. For instance, if the correct concept was, "red plus or
green plus but not both," then the hypothesis "red minus or green minus but
not both" 1s tenable considering the information aveilable. To rectify this,
the formula hypotheses eliminated minus one divided by twice the number of
cerd ~hnices (hel)/2c vas used, and the scamning coefficient beceme compar=-
sble to thet for conjunctive problems. BSubjects were given credit for elim-
inating the hypothesis as stated and ite non-contredictory opposite when
using the scanning stretegy; concepts eliminated by direct hypothesis
eliminated the stated form only.

For bicomditional problems, scanning strategy wes scored in the ssme
manner in vhich it was scored for exclusive disjunctive problems. Since
the original problem card could have represented the stated form of the con-




cept (e.g. if orange minus then blue minus and vice versa) or its corres-
ponding non-contradictory form (the combination orange plus and blue plus
applied to the above example), snd subjects were not informed which was the
case, the formula (h-1)/2c wes again used to make the scanning coefficient
comperable with that of conjunctive problems.

For exclusion problems, scanning was scored in the same way in which
it was scored for the conjunctive problems, with one modification. 8igme ,
as noted previously, every exclusion concept conld be stated two equivalent
ways (e.g. orenge plus and not blue plus or blue minus and not orange minus),
it follows that every tenable exclusion hypothesis could be stated two
equivalent ways., Thus, the formula (h-l)/2c was used to meke the coefficient
comparable to that obtained for conjunctive problems,

For conjunctive absence problems, scanning was scored in the same way
in vhich it was scored for the conjunctive problems, Again, the negative
statement of the comcept had to be translated into a conjunctive concept, and
it wvas scored as a conjunctive concept.

The mean scanning scores for conjunctive, exclusive disjunctive, bicon-
ditionsl, exclusion, and conjunctive absence rules are found in table 5.
Results of the enalysis of variance for sceanmning strategy are foumd in Table
6. The graph of the mean scanning scores, suming over paper eand no peper,
Plotted against the three problems is in Figure 3.




Table 5
Mean Scamming Stretegy over Three Problems

Paper

Problem c D B E A Total
One 3.09 2.2 1.89 144 1.65 10.31
Two 3.29 2.59 1.80 3.73 2.95 k.36 |
Three 5.0l 2.85 k.39 2.23 3.69 18.2 \
Total 11k 7.68 8.08 T.40 8.29 ‘

| No Paper
Problem c D B E A Total
One 3.19 2,65 1.h5 2.13 2.95 12.37
Two 3.71 2,68 2.21 2,91 3,64 15.15
Three 3.3 2,91 2.63 1.95 2.83 13.77
Total 10.3 8.24 6.29 6.99 9.2
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Table 6
Analysis of Varience for Scanning Strategy

Source da.f. M8 F
Memory(M) 1 67
Rule(R) L 12,6k 3.53%
MXR b 1.88

Error(B) 70 3.58
Problems 2 18.42 L 15%#
PXM 2 9.48 2.1
PXR 8 k.56 1.03
PXMXR 8 1.86

Error (W) 1k0 b bk

*p <405 #p, <01




Figure 3
Mean Scenning Strategy Plotted Against
Three Problems (Summing over Paper-No Paper)
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The effect for differential performance for concept rules was signifi.
cant (F (L, 70)- 3.53, p<.05). The effect for incremental performance
over three problems was also significent (F (2, 140)=- 4,15, p<.01). 8ince
the effect for memory was nonsignificeant (F<1l), Duncan Multiple Range Com-
parisons were performed for rule effects, suming over memory and problems.
There was significantly more scanning with conjunctive than with bicondition-
al concepts (p ¢.01); also, more scanning for conjunctive than for exclusion
(p <.01), and more for congunctive than for disjunctive (p .05). Dumcan
Comparisons were also performed for problem effects suming over the other




varisbles; significantly better performsnce was found for problem two than
for problem ome (p <.05), and significently better performance for problem
three than for problem one (p <.0l). (See Appmndix 1). Trend analysis vas
performed to assess the linearity of the trend for the problems effect;
this effect vas significantly linesr (F (1, 140)- 7.72, p.<.0l), and was
not signifissntly quadratic (F (1, 140)< 1) (8ee Appendix 2).

Time to solution. The mean time to solution in minutes for confunctive,
exclugive digjunctive, biconditional, exclusion, and conjunctive absence
rules for three problems is in Table 7. Results of the analysis of variance
for time to solution in minutes are in Table 8. The graph of mean time to
solution in minutes, summing over peper and no paper, plotted sgeinst the
three problems is in Figure L,

Table 7
Mean Time to Solution in Minutes for Three Problems

Paper
Problem c D B E A Total
One 5.38 32.38 16.88 15.38 26,50 96.52
Two 6.38 21,00 19.00 5.38 9.25 61,01
Three 2.13 22,13 10.50 9.00 5.38 49,1k
Total 13.89 75.51 46.38 29.76 41.13
No Paper

Problem c D B B A Total
One 6.50 31.8 20,75 14.50 15.13 88.68
Two 4,13 11.88 23.63 T.63 5.13 52.40
Three 2.75 8.75 15.13 8.13 575 40,51

Total 13.38 52.43 59451 30.26 26,01




Table 8

Analysis of Variance for Time to Solutiom in

Source
Memory(M)
Rule(R)
MXR
Error(B)
Problems(P)
PXM
PXR
PXMXR
Error(V)
#*p (.01

Minutes

d.g. M8 F
1l 168.34 1.02
b 2093.88 12, 71ms
b 270.02 1.64

70 164, Th
2 1977.65 11,66w%
2 .15
8 301.32 1.78
8 83.95

1ko 169.60




Figure b4
Mean Time to Solution in Minutes Plotted Against
Three Problems (Sumning over Paper and No Paper)
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The effect for rule was highly significant (F (L, 70)- 3.60, p <.0l).
The effect for problems was slso significant (P (2, 140)= 11.66, p <.01).
Again, an improvement across successive problems was reflected, by virtue of
decrease in time taken to solutiom.

Duncan Multiple Range Comperisons indicated that differences between
disjunctive and conjunctive, disjunctive end exclusion, disjunctive end con-




Junctive absence, biconditionsl and conjunctive, and biconditional and ex~
clusion were all significant (p <.0l). (See Appendix l). Trend analysis
was performed to assess the trend of the improvement across problems; thie
trend was significently linear (F (1, 140)~ 21,51, p <.Ol). The quadratic
effect was non-sighificant (F (1, 140)~ 1.81). (See Appendix 2).

Untepasble hypotheses. Untenable hypotheses have already been defined
for focusing (see sbove). Any hypotheses made sfter being eliminated pre-
viously vis scanning is also untenable. Repetitions of hypotheses are um-
tenable ipso facto fram the focusing rules.

The mean number of untenable hypotheses per problem for three problems
for conjunctive, disjunctive, biconditional, exclusion, and conjunctive
absence rules are in Table 9. Results of the anslysis of variance for wn-
tenable hypotheses are in Table 10, The graph of the mean number of untenablel
hypotheses, summing over paper and no paper, plotted egeinst the three prob-
lems is in Figure 5.




Problem

Total

Problem

Three
Total

Table 9

Mean Kumber of Untenable Hypotheses for Three Problems

335
A2k

«213
972

351
299
235

Paper

D B
«508 576
<351 486
308 «139
1.17 1.20

No Paper

D B
+566 625
403 o3Th
o173 408
1.1k 141

<64k
.128

1l.12

599
395
«361
1.36

-665
371
+354
1.39

156
239

1.08

Total
2.T3
1.76
1.36

Totel
2.60
1.71
1.56




Table 10
Analysis of Varisnce for Untenable Hypotheses

Source d.f. MS F
Memory(M) 1 .000
Rule(R) b 112
MXR b .068

Error(B) 70 151
Problems 2 1.275 15.364*
PXM 2 .020
PXR 8 .110 1.33
PXMXR 8 <09
Error(W) 140 083

*p <01
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Figure 5
Mean Untenable Hypotheses Plotted Against Three
Problems (Summing over Paper and no Paper)
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The only significant effect was for problems; this was a highly sig-
nificant effect (F (2, 140)~ 15.36, p<.0l). Improvement across successive
problems was reflected in decreasing umtenable hypotheses.

Duncen Multiple Range Tests were performed for the problems effect,
sunming over memory end rule. The diffesences between problems three and
one and between problems two and one were significant (p <.01). (Bee Appen-
dix 1). Trend analysis was performed to assess the linearity of the improve-
ment across problems; the linear trend wes significant (F (1, 140)- 27.95,
2<.01). The quadratic trend was non-significant (F (1, 140)- 2.12). (See

A ppondisi-a)




Intercorrelstions of Response Measures, All Conceptual Rules

cc
Tine «333
UH Sk
Focusing=.182
Scanning-.614

Teble 11

Time UH Focusing
.226
“'0317 "0666
- 411 -.616 615
Table 12

Intercorrelations of Response Measures, Condunctive Rule

cC
Time 800
UH 2
Focusing~.469
8canning~.T31

Time UH Focusing
51k
- 05 6!‘? - 0758
- .695 had .67h 0709
Table 13

Intercorrelations of Response Measures, Digjunctive Rule

cc
Time J21
UH 761
Focusing=.362
Scanning~.669

Time

092
..'023
=347

UH Focusing

"oh32
'0530 oaq




Table 1k

Intercorrelations of Respomse Measures, Biconditionel Rule

cC Time ud Focusing
Time .228
UH 786 037
Focusing=.650 o217 -.828
Scanning=.691 -.315 -+600 .T68
Table 15

Intercorrelations of Response Measures, Exc.usion Rule

cc Time UH Focusing
Time +600
UH S4T 481
Focusing=.T2h - 121 -.881
Scanning-.800 =399 -.886 846
Table 16

Intercorrelations of Response Measures, Confimctive Absence Rule

cC Time uH Focusing
Time 486
UH 562 314
Focusing~.460 «.135 -.558
Scanning=.296 ~+350 -.361 638

Note: CC stands for card cholces and UH stands for untenable hypotheses.




Teble 11 shows the intercorrelations between the five response measures
across all five of the conceptual rules. Tables 12-16 show the inter-correla-
tions between the five response measures within each of the five conceptusl
rules. Over all rules, the two selection strategies (focusing and scanning)
correlate .615 with one another. Within the individual rules, the only
case in which the intercorrelation between the two strategies is below .638
is the disjunctive, in which the coefficient is .262. The highest correla-
tions between the two strategies was in the exclusion rule (.846), The
largest discrepancy between the two stretegies in terms of correlation with
a common third measure was in the disjunctive rule condition, in which
focusing correlated -.362 with card choices, while scanning correlated «-.660
with this measure. The second largest discrepancy was also in the disjunc-
tive condition, in which focusing correlated ~,023 with time to solution
while scenning correlated -.347 with time. The conjunctive absence rule
condition also featured large discrepancies between the strategies in temms
of correlations with the other response meamures; the correlations of focus-
ing and scanning with card choices, time to solutiom, and untenable hypotheses|
respectively are -.160 and~-.296, ~.135 snd «.350, and -,558 and -,361.

Table 17 presents s summary of the mean ranki g of concept rules on the

five response measures,
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Table 17

Ranks for Comcept Rules According to Difficulty

Rule Measure
Conhmective Card Choices
Focusing
Scanning
Time
Untenable
Hypotheses
Disjunctive Card Choices
Focusing
Bcanning
Time
Untenable
Hypotheses
Biconditional Card Choices
Focusing
Scenning
Time
Untenable

Hypotheses

Total and Rank Mean Rank

(Paper and No Paper) for Rule
3,241
2.89 - 1
21.75- 1
27.27- 1
1.86 - 1

1.00

b7.38- 4
157 =5
15.92~- 3
127.9%4- 5
231 - 2

3.80

59.51= 5
1.89 - 3
4.37- 5
105.89- 4
2,61 -5

440




Table 17 {continued)

Exclusion Card Choices 45 .64- 3
Focusing 2.,60= 2
Scamning 14,39« 4
3.00
Time 60,02~ 2
Untenable 2.,48- 4
Hypotheses
Conjunctive Card Choices b2 G4 2
Absence Focusing 1,60« 4
Scanning 177~ 2
2.80
Tine 67.1""“‘ 3
Untenable 247 - 3
Hypotheses

Ranks were assigned on the basis of measures of difficulty; the rank
of 1 represented the easiest, the rank of 5 was the most difficult. For
exsmple, less card choices to solution represented the easier level; higher
focusing and scamning scores also represented easier solutions; more wntens-
ble hypotheses and more time to solution represented more difficult solutions,
The mean renks of the various rule types on these measures shows conjunctive
to represent the easiest level of solution across all meesures, while the
biconditional rule represented the most difficult series of soltitions as
reflected by mean ranks. Intermediete in difficulty were conjunctive absence,
exclusion, and exclusive disjunction, in that order.




CHAPTER IV
DISCUSSION

The major results of this study are as follows: a) the effect of con-
cept rule 1s significant for three response measures- scanning, focusing, and
time to solution. b) No response measure reflectdd a significent effect for
memory. c) There is a consistent and significeant positive interproblem
transfer effect across all concept types. This positive transfer is rerlectqu
in practically every response measwre &s & linear incresse in efficiency.
d) No second or third order interactions attained significance,

In general, the results showed that conjunctive concepts were easiest
for subjects to attain, The table of difficulty ranking showed thet con-
Junctive concepis were attained most readily, as reflected by each of the
five response measures. Biconditional concepts were most difficult to attain))
having e mean difficulty rank of 4.40 (5 1s most difficult); the bicondi-
tional rule featured the most difficult solution on three response measures
(card choices, scanning, end untenable hypotheses). The next most difficult
solution was exclusive disjunction, with a mean difficulty rank of 3.80.

The easiest solution after conjunctive was conjunctive absence (mean rank -
2.80). Intermediate in difficulty among all the rules was exclusion (mean
rank - 3,00). The finding that biconditicmal end exclusive disjunction rules
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represented the most difficult solutions 1s consistent with the conceptual
hiererchy posited by Neisser and Weene; bilconditional and exclusive disjunc-
tion were placed at the third (highest) level because they combine the basic
processes of conjunction and disjunction. The finding that disjunctive
solutions are more difficult to attain than conjunctive is in accord with

the research of Bruner, Goodnow, and Austin (1956), Hunt and Hovland (1960),
Wells (1963), Conant and Trabeseso (1964), Haygood and Bourne (1965), and most
recently, Lsughlin and Jordan (in press). Of these, the experimental designs
of Bruner et al., Consnt and Trabasso, and laughlin and Jordan were selection
paradigns comparable to the present one, The finding thet conjunctive ab-
sence end exclusion rules were easier to attain than biconditional end exclu-
sive disjunction appears plaugible iIn view of the fact that focusing and
scanning strategies for these rules are prectically identical with those

ugsed to attain conjunctive concepts. In terms of the analysis of variance,
rule effects were significant for the response measures of focusing, scanning,
and time to solution. (See Tables 4, 6, and 8)., Duncen Multiple Range Compar-
isons ghowed that for scanning, differences for conjunctive versus exclusion,
conjunctive versus biconditional, and conjunctive versus disjunctive were
significant. (See Appendix 1). Thus, the easier level of conjunctive attain-
ment is particularly evident for scamning strategy. The Duncan Comparisons
for focusing showed that differences for comjunctive versus disjunctive, con-
Junctive versus conjunctive abgence, conjimctive versus biconditional, exclu~
sion versus exclusive disjunctive, and exclusion versus conjunctive absence
wvere significant; the trend toward less difficulty in attaining the comjunc=-
tive rule was therefore shown here also. (See Appendix 1). For time to
solution in minutes, rule differences were significent for disjunctive versus




conjunctive, disjunctive versus exclusion, disjuctive versus comjunctive
absence, biconditionsl versus comjunctive, blcomditional versus exclusion,
and conjunctive absence versus conjunctive were significant. (See Appendix 1).
Thus, the time regponse measure shows that the disjunctive is very difficult
to attain, in addition to supporting the above-mentioned trend towerd the
relative simplicity of the comjunctive sclutions.

The correlations between the two selection strategies is of sufficient
magnitude to suggest that there is much overlap between them; the correla-
tion between focusing and scanning ecross all rule conditions was .615. This
does not hold true for one casse~ the exclusive disjunction rule conditiomn,
in which the correlation between the strategles was .262., In addition, the
disjunctive condition featured large differences in the correletions of
focusing and scanning with the other response measures, as follows: Focusing
correlated =.362 with card choices while scanning correlated -.669 with card
choices., Focusing correlated «.023 with time, while scamning correlated
«,34T with time. Another rule conditiom in which the correlations followed
a2 similar pattern was for conjunctive absence; hers, the correlstions were
as follows: focusing correlated =.460 with card choices, while scanning
correlated ~.296 with card choices. Focusing correlated -,135 with time to
solution, while scanning correlated «,350 with the same measure. Focusing
correlated ~.558 with untenable hypotheses, while scanning correlated «.361
with the seme measure. However, for the conjunctive absence conditionm,
focusing and scanning correlated .638 with each other, Thus, the strongest
evidence that focusing and scamming operate differentially comes from the
disjunctive rule comndition, with some pertial support from the conjunctive
ebsence condition. However, in the other three rule conditions the two




stretegles appeared to be operating in a similar mammer, since the correla=-
tioms of focusing end scanning with the other response measures were rather
comparable with each other.

In discussing the foregoing differences in rule difficulty, a procedural}
variation in this study not present in prior experiments must be mentioned.
Most of the previous research in differential difficulty of conceptual rules
dealt with simple conjunctive or disjunctive rules; a study thet extended
the investigation further was that of Laughlin and Jordan. This study is
most comparable to the present one in temms of selection procedure used.
This study differed from the present ome, however, in terms of problem cards
used to exemplify the concept to be attained. laughlin and Jordsn used only
"pure" examples to exemplify the concept while the present one did not. For
instence, & biconditiomal concept could have hed two types of positive in-
stances. If the concept to be attained was "if orange minus then blue minus
and vice-versa,” a card containing the combination orange plus and blue
plus would be positive because it contains neither relevant value and camnot
contradict the concept to be atteined. In the exclusive disjunction rule
condition a similar situation occurs; if the concept to be attained was
"orange minus or blue minus but not both," then a card containing the com-
Bmation orange plus and blue minus or the combination orange minus and blue
plus would be positive, Similarly, a negative card could be such because it
has neither of the relevent values (orange plus end blue plus) or both of
the relevant values (orange minus and blue minus). In either event, subjects
in the present study were not told which was the case., The rationale for
doing this was the fact that a certain amount of cognitive embiguity is built
into these concepts; Haygood end Bourne would characterize such situations




as a rather even split in mapped response contingencies, When mchla "non-
pure” but non-contradictory positive instance wes given as an exsmple of a
concept to be attained, subjects were informed thaet their given problem card
need not have necessarily contained the concept as it had to be stated to
solve the problem. Thus, the greater amount of cognitive uncertainty probabe
1y contributed to the differential difficulty of the conceptual rules as
yielded by the results, and this uncertainty could have been reduced by
presenting subjects with "pure" exmmples of the concept and informing them
of this. However, the procedwre of this study can be Justified on the groundsg
that the greater cognitive uncertainty of certain rules contributes to their
position in the conceptual hierarchy (e.g. Neisser and Weene) and should be
preserved in studying them.

SBuch non-pure examples were not present in the exclusion and comjunc-
tive absence cells, yet they were more difficult to attain than conjunctive
rules. The negative terminology in which they were stated spparently wes @
confounding factor for some sublects, although the divergence from the cone~
Junctive rule was more semantic than logicel. Several subjects persisted in
stating their hypotheses as conjunctive, and had to be reminded that they
had to state the concepts negatively, in the langusge of the concepts they
were attaining, in order for their hypotheses to be recorded. Althoughtthe
negative terminology presented to subjects in exclusion and conjunctive
absence cells gave them more difficulty than comjunctive subjects, it would
appeer that this difficulty level should not have reached that of the bicone~
ditional and disjunctive subjects who had much more cognitive uncertainty to
deal with, The results bear out this explsnatiom.
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The findings of this study agree with those of Laughlin and Doherty
( 1967)  in respect to the memory variable. Using & comperable selection
design with similar peper and pencil groups for concept attainment, these
investigetors foundano significant effects for memory. The explanation for
this is offered in termms of the mammer in vwhich the varisble was measured.
Bourne, Goldstein, and Link (196k) found differences in concept attainment
with different memory loads by systematically verying the amount of previously
presented stimulus material aveilable to their subjects. The present study
merely offered the use of paper and pencil to subjects assigned to the "paper"
cells; very few subjects actually recorded the previously presented material
thet could have aided them in attaining the required concept in fewer card
choices. It is proposed that 1if the recording of previously chosen cards,
their status as positive or negative instences, and hypotheses previously msde
were made mandatory for "paper" subjects, the situation would be more compere=-
ble to thet of Bowrme et al., and memory differences likely would have emerged.

Finally, the consistent and highly significant positive interproblem
transfer effects are findings that are novel to research designs of the
selection type. Nevertheless, the finding is plausible in view of the work
of Haygood and Bourns (1965) and Wells (1963), who found that initial difficul-
ty of different comceptual rules tends to decrease with training on & particu-
lar type of rule. The following reasons are offered for the findings of the
present study: a) Subjects beceme more familiar with the terminology and
mechenics of the conceptual rule; b) Subjects olerify their set for concept
atw@ent during the course of three problems; that is, they tend to solidify
their meammer of approsch. c) Subjects become more comservative across & three

problem series and acquire less of a tendency to give untenable hypotheses and




choose cards of little informetion value on "impulse;” d) The instructions
become more coherent after some practice in attaining the concept type called
for. The trend of the positive trensfer effects was such that performance on
comjunctive problems begen at a relatively high level and did not necessarily
show the drastic improvement across problems showed by other rule types

(see figures 15, Results). This points to a "ceiling effect” in which the
demonstrably easier conjunctive problems hed less room for improvement than
other types. Thus, the results of the presmnt study suggest thet conditioms
of greater cognifive uncertainty in selection type experiments may be nore
conducive to pesitive interproblem transfer than less ambiguous situations;
this is offered as a possible hypothesis for future research.

In sumary, this study found some significant differences in difficulty
between conceptual rules; these results are at least somewhat in accord with
previous research., The conjunctive rule was definitely easiest to attain, snd
biconditional most difficult. These differences were related to differences
in cognitive uncertainty smong conceptual rules that were emphasized by the
design of this study. These procedures were defended as following from the
nature of the concepts studled. B8Some of the rule differences were probebly
due to sementic as well as logical factors.

The results oorroborated those of & previous experiment vhich found ne
significant differences between paper and no paper groups. This was traced
primarily to the way in which this study measured the memory verilsble; avail-
ability of previously obtained information was not systematicelly controlled
for different subjects.

The present study also found e significent positive interproblem transe
fer effect, which was novel for a design of this type. It was suggested that




experimentel conditions featuring greater cognitive uncerteinty could be
more conducive to positive interproblem transfer than designs not featuring
this element., This is offered as a potential hypothesis for future resesarch.




CHAPTER V
SUMMARY

In order to determine the relative difficulty of five conceptual rules
under two comditions of memory demends, the performance of individual Loyols
University undergraduate students was investigated in three concept attain-
nment problems per subJect. A 5 X 2 X 3 repeated measures factorial design
was used vith the varisbles: 1) Concept Rule (conjunctive, exclusive dis~
Junctive, exclusion, biconditional, and conjunctive absence), 2) Memory
(peper allowed or not allowed), 3) problems (three per subject). Five re-
sponse measures were used to measure the relative difficulty of concepts~
8) card choices to solution, b) focusing strategy, ¢) scenning strategy,

d) time to solution in minutes, end e) untensble hypotheses. The rules for
scoring focusing and scenning strategies were modified and added to, in order
to extend them to conceptual rules not previously investigated. A differen~
tial effect for rule difficulty was found on three respomse measures~ focus=-
ing, scenning, end time to solution. The mesn rank order for rule difficul-
ty also reflected the differences; conjunctive concepts were found to be
easiest to attain, and biconditional solutions were found to be most diffi-
cult to attain. These effects were explained in temms of cognitive ambiguity
and semantic difficulties inherent in the various conceptual rules. No sige-
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nificant memory effects were found; this finding was explained in texrms of
the procedure of the present study, which did not systematically wsry the
amounts of previocusly presented stimulus material available to the subjects.
Finally, a consistent and highly significant positive interproblem transfer
effect wvas reflected by all the response measures; this finding was unique
for research designs of this type. It was proposed that experimental designs
imposing much cognitive uncertainty upon subjects could have contributed to
the positive interproblem trensfer. This suggestion was offered as & propossl

for future research,
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ime to Solution, and ble H

Card Choices to Solution- Effect for Problems (1, 2, 3)

Problem 36,20 Problem 2-7.03 Problem 1-9,58
Mean Difference Difference
Problem 3-6.20 .80 3,308
Problem 2+7.03 2.55%%
Problem 3-9,58

D-,786  A-.800  B=,946  E-1.30  C-1.,45

Mean Difference Difference Difference
D-.786 169 55k R
A-,800 k6 «500W* «650%%
B=,9k6 354 o504
E-1,30
C-1.U5

Problem 1-1,17 Problem 2-1.91 Problem 3-2.20

Mean Difference Difference

Problem 1-1.17 oTh 1,03%
Problem 2-1,91 0.29

Problem 3-2.20




Appendix 1. (continued)

Scanning Strategy- Effect for Rule

B-7.18 E-T.19 D=7.96 A-8.85 C~10.88
Mesn Difference Difference Difference
B-7.18 0.78 1.67 3.TOw*
E-T.19 0.77 1.66 3.69%%
D-7.96 0.89 2,928
A-8.85 2.03
€-10,88

Problem 1-2,27 Problem 2-2.95 Problem 3-3.19
JMean Difference Difference
Problem 12,27 0.68%# 0,924
Problem 2-2.95 0.23
Problem 3-3.19
T o Solutione 1] R
C-18.62 E-30.00 A-33.56 B-52,94 D=63.9%
Meen Difference  Differemnce  _Difference Difference
C-13.62 16.38 29.9% Lo, 3ou% 50,328
-E=30,00 3456 22 , Gl 33 .l
A-33.56 19.28 30.20%%
B-52.9% 11,00

D=63.9%




Appendix L. (continued)

Unteneble H hegs g~ Effect f ob els 2
Problem 3«.202 Problem 2-,347 Problem lev533
Mean Difference Difference
Problem 3-.292 «155% o2h1we
Problem 2-.347 <186

Problem 1-.533

** p 01
* pe9%
Note: C = conjunctive, D - exclusive disjunctive, E - exclusion, B - bicon-

ditional, A =~ conjunctive absence.




R B

Fiqn (1, 140) = 13.02%#

&{m (1’ 1&0) - 18.62“

zqm (1, 140) - 1.23

Eian (1, 140) = 7.72w»

Fiqn (1, 150) - 21,51

yy, (1, 140) - 27.95%#
Fouaa (1s 180) = 2.72

#%p .01
* p<05

Caxrd Cholce lution - b l, 2

¥ocus egy = g 1, 2

Time to Solution - Problems 1, 2, 3

enable H peg - blems 1, 2
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