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Abstract

Concert attainment performance and strategies were
compared for twoe-person cooperative groups for five concept
rules in two memory conditions. A 5 x 2 x 3 repeated
measures factorial design was used with the variables:

(a) concept rule (conjunctive, exclusive, dis junctive, bi=-
econditional, and conjunctive absence); (b) memory (use

of vaper and pencil allowed or not allowed); (e¢) problems
(three for each pair of subjects). Major results were:

(1) concent m:les ranked in the same ascending order of
difficulty for all five response measuresj conjunctive,
conjunctive absence, exclusion, biconditional, and exelusive
disjunctive; (2) focusing strategy was used less for
disjunctive concepts than for conjunctive or conjunective
absence; (3) scanning strategy was used less for disjunctive
and biconditional concepts than for conjunctive or conjunctive
absence; (L) there was a significant effect for problems
such that performance improved on the second and decreased

on the third problem; and (5) no effects were found for

the memory variable.




Selectlion Strategies in Cooperative Group Concept
Attainment as a Function of Memory Requirements
and Concept Rule

Richard P, McGlynn
Loyola University, Chicago

Bruner, Coodnow, and Austin (1956) introduced a concept
attainment task which hasbeen subsequently adapted for the
study of many variables in individual cognitive processes,
Typically, an array of eards varying in a number of
attributes (shape, color, etc,) with two or more values of
each attribute (triangle, or square, red or green, etec,) is
presented to the subject. The experimenter arbitrarily
designates two or more values in some logical combination
(red triangle, red or triangle, etc.) as a concept, and
indicates to the subject one of the cards which satisfied
this concept., The subject must then determine which
attributes have been designated by selecting any succession
of cards he wishes, learning whether or not each card
exemplifies the concept, and thus reasoning to & solution
in as few card choices as possible. The sequence of card
choices may be analyzed to determine the strategy used by

the subject,
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As Eruner, Goodnow, and Austin (1956) note, a strategy
need not be a eonscious plan for obtaining and utilising
information, Rather, anyidgal strategy or set of strategles
is theoretically determined, and an snalysis of the actual
performance strategy used by the subject 1s made by comparing
his sequence of card cholces against the demands of the ideal
strategies, | | ;, o

Two basie conocept at%ainment strategies, éagnning and
rqausing have been toth theoretieally and enpiﬁieuliy
distinguished in this way, In scenning atratﬁgy the subject
tests specific hypotheses (e.g. red triangle, largn square,
otc.) either all at once (uimultunooun acanning), individually
{sucedssive scanning), or some inrermmdiate number, In
foocusing strategy attributes rather than specifie thothana
are tested by zolo&.iny e sard differing in only one value
from the 1n1t1:1 card (conservative focusing) or 1n more thnn
one value (foous ‘gambling). /

Laughlin (1965; Laughlin md Jordan, in prtn) has
fog-nlggod\qunnaitahivorrnlea for scoring scanning and
focusing in conjunctive, d;ajunctivo.\and bieonditional
concept attainment, The present study extends @haaé sooring
rules to cover two additional concept types,

Thraevltudien by Laughlin and his‘aasooiatoa have
recently extended the basic Bruner situation to the study of
group problem solving prosesses. Laughlin (1965) found that
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two person ooopcrafive groups used the fosusing strategy nora,
required fewer eard cholces to solution, and required more
time than individuals. The Taylor and ﬁeﬂumar (1955)
correction model indicated that group superiority in card
cholces was merely sn artifactual function of the better
individual in each pair, However, the greqter use of focusing
strategy by groups remained even with the correction,
Laughlin and Dougherty ( in press) compared cooperative pairs
in which disoudsion was allowed ln half the groups and
prohibifed in the other groups. Groups aliawad ﬂilcuuion,
solved the problems in fewer oard choices, and had fewey |
untenable hypotheses than those not allowed in the discussion.
The use of seaﬂhing and focusing atutogioa showod"n’ohplex |
_ralationahips with the discussion wariable, as well aa with \‘
a memory variable and two at:inulus variables, Laughlin and
NoGlynn (in press) found caoperativq pairs held hhé same edge
over competitive pairs as théy had over 1ndividuai§ (Laughlin,
1965): more use of foousing strategy, fewer card cholces ﬁo
ablution. fewer untenable hypotheses., However, groups again
roquired more time to solution, |

Earlier eansidarnficns of difrorent kinds ot aonclpfa ,
{(Bruner, Goodnow, and Austin, 19563 Hunt and Hovland, :.960)
typically classified concepts as either conjunctive (A and B),
or relational (A must be related to B in some specified WaY) e

However, more recent attempts at classification have been
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more svecific, Nelsser and Weene {1962} postulated thres
basic logical operations (negation, conjunction, and dise
junction) and derived ton different concept types, Hunt
(1962) adopted a more elaborate system of operators to
deseribe the same ten concept types, Haygood and Bourne
{1965) mapped the four contingencies of two foecal sattributes
onto a two-response system of examples and nonwexamples of
the coneept and obtained sixteen Binary partitions of the
stimulus population, two of which are trivial because they
ﬁlnca the entire population in either the’ponftivo or negative
response category, Of the fourteen remaining partisions,
four are eliminated bscause they duplicate other partitions
except for a echange in relevant attributes. The ten remaining
mapprings fall into five complementary pairs with the property
that any instance which is p&uitivu under ons member of the
pair 1s negative under the other, These ten remaining
mappings each represent one of Neisser and Weene's soncept
types., '

These ten concept types which have been fdentified by
the various writers in the last half decade may be descrided
as follows: 1) Affirmmtion:t the value A must be present for
-the inetance %o be an sxample of the conecepds 2) Negation:
the value A must not be present for the instance to be an
example, 3) Conjunction: both A and B must be present for
the instance to be an example. L) Disjunctive Absence:
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either A or B must be sbaent for the instance %o be an
example, 5) Inclusive Disjunction:t either A or P or hoth
must be present for the instance to be an example. 6)
Conjunctive Absence: both A and B must be absgent for the
instense t0 be an example, 7) Conditlonal:s if A is
pregent, then B rmast be present for the instange t6 be an
~ example} if A is absent, ths instance is an example independent
of By, 8) Exclumsiont A must be present and B must be absent
" for the inatance to be an example, 9) Bioondititmal: A
must be present 1f and only if B is also preaént for the
instance %o be an example, 1l0) Exclusive Disjunetion:’
either A or B must be present, but not both for the instanee
to be an examples | A

Acoording to Neisser and Weene (1962) these ten concepts
may be hisrarchivcally classified on thres levels. The sime
plest level (Level I) iz simple affirmation or negation,’
Level II vonsists of the six concept types whieh fmvelve
single econjunetions or disjunctions of doth attributes,
The biconditional and execlusive disjunotion eoncept types
somprise the most complex level (Level ITI), amd involve
both conjunetive and disjunotive operations.

Ehépo has been a recvent upsurge in interest in the
ﬁ%ncapt rules as a variable affesting concept attatnments,
Keprog and Bourne (1963) found that for biconditionsl and

conjunotive conecepts, the effect of the number of relevant
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and irrelevant dimensions remmined the same, Most research,
however, has found the concept rule to be an important factor
in oconcept sttaimment,

Haygood and Bourne (1965) analyszed eonceptual behavior
into attribute identification and rule learning, In the
former, the rule is given and the relevant attridbutes muat
be ldentified. In rule learning, ths relesvant attpridutes
are given and the eoncapt'mh must be leammed, A third
prossdure, complete learning, involves both attridute iden-
tification and rule learning. Although an experiment testing
these three tasks over Tour coneept rules revealed no inter-
sction between conoept rule and task, the disthwbtion of the
ﬁnwe processes may still be helpful in voﬂ-wﬁng studies
involving different concept rules,

' Another important distinotion is that betwsen reception
procedures and selection procedures in conseph atteinment:
(Bruner, Goodnow and Austin, 1956), In the former; the :
experimenter programs the instaneces to de pwutaw«! %o the
subject, while in the latter the subjeot selects his owm
instances from the entire population of instances. Laughlin
and Jordan (in press) invoke this distinetion to'sxplain the
difference between their results and those of Haygood and
Bourne on the relative diffieulty of concept rules,

Thres studles employing the reception prossdure being
evidence to bear on the relative difficulty of concep® mules,
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In an experiment invelving completes learning, Hunt end Hovland
(1960) found that conjunctive and relational solutions were
offered more often than disjunctive when all three solutions
were possible. In ene experiment, Haypood and Pourne (1965)
found that conditional concepts were more difricult (over
sttribute identifieation, rule learning, and complete
learning) than eonjunctive absence and inelusive &is junction,
while eonjunctive concepte were less difficenlt then any of
the others, In a second experiment involving rile learning,
and subsequently rule identifiostion, conditional and bie
conditional concepts were found to be more difficult then
inelusive disjunction and conjunction, In general; the
results of Haygood and Pourne agree with those of Heisser and
Weene (1962) and support the hierarchiocal interpretation of
three lewvels of rules, The latter investigators demenatrated
that in a eomplete learning situation, the sscending order
of 4ifficulty (for the five mles to be used in the present
- study) was canjunckion, exclusion, sonjunctive absence,
exclusive disjunction, nnﬁ bieonditional, These d4if Perences
- were significant, however, only for the last two rules veprsus
- the first three, |

In studies involving seleetion procedures, Bruner,
Goodnow, and Austin (1956) first observed that disjunetive
consepts were more dirficult to attain than eonjunctives,
Conant and Trabasso (196;) replisated this finding under
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equal information conditlons, noting that subjects learned:
to select positive instances in conjunctive sets more readily
than they learned to select negative instances in inclusive
disjunctive sets. Leughlin and Jordan (in press) reported
that for bokh card choices end time to solution inclusive
dis junction concepts proved more difficult than conjunctive
- and biloonditional, between which there was no difference,

Several explanations of the differentinl diffioculty of
econcepts may be found in the literature, Nelsser and Weene
(1962) believe that coneepts are haargrchioaliy organised on
three levels such that level I concepts are necessary for the
attaimment of levsl III coneepts, In such & system level IIT
concepts are not learned ss sueh, but are induced frem thelr
components, Haygood and Bourns (1965) propose that the
differences in difficulty among different levels of eencephs
may be a result of the ratio of positive and hegaﬁira
- instances, With a3 two-ahtridbute, twoevalue conscept universe,
all level II consepts involve a 3:1 split of contingencies,

- whereas level IIYX conocepts are based on a 2:2 splift which
- yilelds more stimulus uncertainty,

Another fastor in differential mule diffionlty may de
the lack of familiarity with the more cormplex mles, Wells
(1963). demonstrated that the preference for scenjunctive
concepts (Hunt and Hovland, 1960; Bruner, Goednow, and Austin,
1956) may be modified by preliminary training. Raygood and
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Bourne (1965) explain some of their results in terms of
subjects being unable to fully understand more complex rules,
Hunt and Hovland (1960) suggest that the preference for
conjunctive consepts is learned and may not be found in
children, Another faotor may be the difficulty that subjests
have in utilizing negative instances (Hovliand and Weiss, 1953)
eoupled with the necessity of using them in the atteinment of
soncepts such as disjunctives (Conart and Trabasso, 396L).

Only three studies have made an attempt to anslyse
" strategies for different consept mles, cm and Trabasso
(196l;) found that more negative and more mdundanh instances
wore chosen in disjunetive concept attaimment, Bruner,
Goodnow, and Austin (1956) discussed several appropriste and
inappropriate strategies for disjunetive concepts, Laughlin
and Jordan {(in press), using quantitative methods, found more
fosusing with oconjunctive eoncepts than with inoclusive dis-
junctives and more with these than with biconditionals,

There was significantly less seanning with inclusive dime. -
Junctive concepts than with the other two types,

The properties of the stimulus display may also affect
the relative difficulty of concept rules, Most often a four-
attepidbute, three-value concept universe is used (Eaygood end
Bourne, 1965), and in such & universe the complementariness of
the sonsepts discussed by Haygoed and Bourne holds perfeotly,
However, in s simﬁ&ibnh, twoevalue universe the absence
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of one value necessarily implies the presence of its opposite,
Lavghlin and Jordan (4in press) offer this as an explanation
for the difference between thelir results and those of Haygood
and Bourne, noting that the relative diffioulty of bicondi-
tionel concepts probably increases &s the number of values
per ntﬂribnte‘ inoreasss. It should be pointed out that,

- theeoretically, the six-attribute two-velue universe used in
the present study reduces exclusion and conjunetive absence
coneept to conjnnetives.

Bruner, Goodnow, and Austin (1956) list tre exceasive
memory demends of secanning strategy as one of the ressons
meny persons resort to focusing, Memory reguirements were
also shown to be important in a number of other studies.
_Wpitman and Garmer (1963) réund. 'iosg?iﬁinterremma anéd hence
better performence in concept learning with either sll
positive or all negative instances as ocompared to mixed
instances of the concept, Oahill and Hovland (1960) found
_that simultanecus (all instances presented at once) presenta-
tion was superior to successive (only one instunce at a time)
presentation, Bourne, Goldstein, snd Link {196}) extended
this finding and observed that performance varied with
availadbility of preceeding stimuli, ’

In two studies previously eited, the effects of memory
have been reduced or eliminated entirely. In both the Conant
and Trabasso (196) and Haygood and Bourne (1965) oxpermntu
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previous instances and appropriate feedbsck were constantly
available to the subject; Laughlin and Deherty (in press)
studied the memory variadble by allowing or forbidding paper,
There was no main effect for paper, but significant interasct-
fons with strategies smerged,

The question of interproblem transfer in ocofisept attain-
ment hus not been resolved, Neisser and Weems (1962) found
& general improvément over two successive prublems of the
samé consept %ypé, with the differences betwesn 6ensepts
remaining after two problems, Similar findings are reported
by Haygood and Bourne (1965) over all thres types of ééneept-
ual tasks, However, in lddiﬁaan, they obtained a prcﬁicn by
rule interaction which réffected the faet that: oonﬁhmtivo
- abaenss , inclnsivo diajunction, and conditienal conn‘ptu
ohangod ulrkodly 1n rolation to eonjnnotibel. w.z:- (1963)
and Holls and Watson (1965) aluo found positivu 1ntarprobloa
trnnsror. Laughlin and Jordan tin praas) uotod thah ull

tha.a studic- entailed rnooption proeodura-. atndiol OIployw
1ng nolaotion procedures, nn tho other hnnd, ulaally rull to
-hnw anmrov'nant over problems (nnushlin. 19663 Brun.r.
Goodnow, and Austin, 1956; Laughlin anﬂ Dehnrty, in preas;}
Laughlin and Jbrdan. in press). Conant and Trabasso (196})
could draw no ooncluulon on transfer as hhoir date was
eonfounded wifh the eluaa of example carda¢ Langhlin nnd
MeGlynn (in pruau) give eontrnry evidence on this point, but
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their results are sald to be due to a social facilitation
effect in both cooperative and competitive pairs,

Five concept rules were used in the present investiga-
tion: oonjunetion; exclusive disjunction, bioonditional,
exolusion, and conjunstive absence., Since a six-attribute,
two-valno}aoneopt universe and & selection procedure were
employed, it was expeocted that the results would more closely
parallel those of Laughlin and Jordan (in press) than those
of Haygood and Bourne (1965). Since the cooperative groups
under study were comparable to those of Laughlin and MoeGlynn

(in press) an improvement over problems was hypothesised,

Me thod

Deaigg and subjects, A 5 x 2 x 3 repeated measures

factorial design was used with the variables: (a) éaaagpt
rule (conjunctive, exclusive, disjunctive, dbiconditional,

and conjunctive sbsence); (b) memory (use of paper ipd pencil
allowed or not allowed); (c) prodblems (three for oaoh'
subject), Subjects were 80 like-sex pairs of college students
in introduetory and experimental psychology eourses, Eight
pairs of :ubjecté were randomly assigned to each of the ten

experimental conditions.

Stimulus displgx and problems, The stimulus display
was a 28 x hili inech white posterboard cantaining an array of
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i 2% x I} inch cards drawn in colored ink with dark outlines.
The &l cards represented all possible combination of six
plus and/or minus signs in a row. In order to facilitate
reference to the six positions sach was a different eolor,
Eaoh oolor was thus, one attribute, The value of easch
attribute was oitﬁar plus or minus, The cards werse arranged
systematically on the board such that each attribute had a
unique arrangement (e.g. tho top four rows were blue plus
and the bottom four blue minus),

The conoept rules used were: (a) aonjunétidn (0v@as
"black plus a0 yellow minus"), (b) exclusive dis junotion
(0.gs, "Dlaok plus or yellow minus dut not both black plus
and yellow minus together"),d{c) biconditional (e.g., "if
- black plus then yellow minus, and; if yellow minus then |
black plus,” hence, "black plus and yellow minus or neither
black plus nor yellow minus™), (d) exolusion (e.g., "black
plus and not yellow minus,"” hemce, "black plus and yellow
plus"), (o) conjunctive absence (e.g.,, "neither bdlask plus
nor yellow minus," hence, "black minus and yellow plus"),

- Corresponding problems for the five oconeept rules had the
same relevant attributes and values, Each problem and
initial eard were selected from the total set of two attri-
bute concepts and the subject of possible initial ocards for
each concept,

gg&codure, The instruetions thoroughly explained with
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exemples the meaning of the particular concept rule, which
was typed on &n index e¢ard with an example Tor reference
throughout the experiment, The systemstic arrangement of
the attridutes and values on the display was pointed out
ané¢ the instruotions emphasized that the problems were to
be solved in as few oard choices as possible, regardleas of
time (laughlin, 1964). The pair of subjects sat adjacent
to each other before the display and were instructed to
- discuss the problem and their eard cholces and hypotheses
throughout the experiment, Subjects were initruetod to
give one and only one hypothesis after every card choice,
- The complete text of the instructions may be found in the
appendix, '

Only data from subjects solving thres complete problems
- was used, Subjects unable to solve the first prodblem in 60
- minutes, provided they had made 20 ecard ohoicee, wero
arbitrarily designated non~solvers, and their daty was dis-
counted from further analysis, Two subjects were thus
eliminated; one in the paper disjunctive condition, and one

in the paper conjumctive absence condition,

Results
Pive response measureswere analyzed: Numbers of oard
choisces to sclution, focusing strategy, acinning strategy,

persentage of untenable hypotheses, and time to solution.
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Card ehdloea to solution, The mean number of card
ehoices to solution for the ten treatment group for each
of the three problems are given in Table 1. A susmary of

the analysis of variance is presented in Table 2,

Table 1

Mesn Card Choices for Two Memory Conditions and

Pive Concept Rules for Three Problems

Problems

1 2 3. Total

Paper  Conjunction L4463 2,88 L,.38 3,96
Exclusive Disjunotion 6,38 3,88 4,38 4,88
Biconditional 8413  S5.00 6,13 6,42
Exclusion 6,88 3,75 5.12 5,25
Conjunctive Altsence Lsa00 2,75 3,63 3,46

No paper Conjunction | 3.63 2,88 3,25 3,28
Exclusive Disjunotion 13,63 6,38 6,38 8,80
Biconditionsl 6,38 5,00 5,75 5,71
Exelusion 6,13 2,88 5,00 L,67

Conjunctive Absence 4,38 L.63 9,13 hL.04
Total 60!‘-1 h +00 l{v?l 5.95 ‘
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Table 2

Svmmary of Analysis of Variance: Card Cholces
To Solution

Source ar 58 B E
Memory 1 15,00 15.00
Rule (R) L 383.71 95.93 L.01e
MxR b 189.29 L7.32 1,98
Error (B) 70 1674 .25 23.92
Problems (P) 2 245.81 122,91 10,77
PxM ' 2 1 8.2 h21
PxR 8 136,60  17.09  1.50
PxMxR 8 81.41 10,18 a
Error (W) Wo  1598,00 1141

op (,0.1

The effect of the ooncept rule was significant at the
»01 level, P (4,70) = ,01. Since there was no effect .
for paper and no paper conditiouns, Dunean multipleSmange
somparisons were performed on the five concept ﬁhl
suming over memory. Table 3 presents the results of these

comparisons.,
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Table 3

Card Choloces: Dunecan Multiple Range Comparisons

for Coneept Rules Summing Over Memory Conditions

Shortest
Gomephﬂnm 3.60 3.75 .96 6,06 6.83 M?? f;g)st
c 360 ns 1,36 2460  3,2%% 2,66
A 3.75 ns 2,310  3,08ex 2,82
E L} 496 ne 1,87 2,85
B 6,06 ns 2.90

wep {,01 ep <,08

Note = The following abbreviations are used: Desxolusive
dis junction; BeBiconditional; EeExclusion;
A«Conjunetive Absence; C«Conjunetive,

Disjunctive concepts proved to be significantly more
dirficult than both conjunctive and conjunctive absence
concepts (p (01). Biconditional coneepts likewise required
significantly more eard cholices than both conjunetiﬂ and
conjunctive absence concepts (p (.05).

The analysis of variance also revealed a significant
effect for problems, P (2, 140) = 10,77, p .01, The linear
component of the overall trend was significant, F (1,140) =
10,13, p {01, as was the quadratic component, P (1;1140) =
11,41, p <.01. Pigure 1 iz a plot of the mean number of card
choices for each of the three proﬁlama for the five econcept
mles, Table ; presents the results of Dunecan multiple-range’
comparisons between problems,
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FPlgure 1

Mean Number of Card Choloces Plotted Against Problems
for Each of Five Concept Rules

Mean ¢
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CHotces §
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PROBuE s
Table 4

Card Chofces: Dunean Multiple-Range Comparisons

for Prabiems

Problems 2 3 1l shortest sign. range
‘Means  L.00 L4.71  6.41 (p <s00)

2 L4400 0,71  2.41¢e B W1

3 be72 1.7008 1.56

e B <¢01
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The first problem required signifiecantly more card
ocholces than either of the other two (p ,01) which 4id not
differ signifiecantly from each other,

All of the interactions for cerd choices to solution
were non-gignifiecant,

Pocusing strategy, The rules for scoring foousing
strategy were adapted from Laughlin (1965) and Laugblin and
Jordan (in press). They are given in detail below,

1) Conjumetion, Each e¢ard choice had to obtain
information on the new attributs, KNew information was
-~ obtained if the eard cheice altered only one atdribute not

- previously proven 1rru10vnn$'(eonaervativa foocusing), or

1f more than one attribute was altered (foocus ganblingé; the
instance was either positive or the smbiguous information
was resolved on thg next card cholee by altering only one
attribute. Second, if a hypothesis was made it had %o be
tenable oconsidering the information available, Untenable
hypotheses were of two types: (a) a hypothesis roﬁ a value
of an atéribute when the other value had previeusly cccured
on a positive instance, or (b) a hypothesis for a value
which had previously occured on ¢ negative instance. A
‘repetition of & hypothesis was always untenable. Each card
choice and aceompanying hypothesis that satisfied these
rules was counted as an instsnce of foousing, and the total
number of such instances was divided by the tobal musber of
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card cholees to give a continuous focusing score from 00
to 14004
2) Conjunctive absence, Conjunctive scoring rules

apply without exception,

3) Exelusion, B8ince the ecorrect eonsept ocould be
stated in two equivalent ways, only one of which was counted
as correct (e.g« "black plus and not yellow minus™ 1is
squivalent to “yellow plus and not blaak minus®), oredit
was given for an additthonal attridbuts eliminated when the
correct concept was hypothesized in its equivalent' form,
Otherwise, conjunctive scoring rules apply to exelusion,

L) Biconditional, Each card choiece had to ebtain new
information on one new attridbute, either by changing ene
attribute at a time, as per oconjuncidve, or schanging five
attributes at a time, In the latter case, the unchanged
attribute is either essential or irrelevant if not proven
30 previocusly, Only conservative focusing was scored for
positive instances; positive foous gambling does not apply
tobbiuonaitienal concepts, If a ocard choice was not positive
and more than one and less than five attributes were changes,
ambiguous information could be resolved on the next ecard by
changing one or five attridutes.

A hypothesis had to be tenable considoring the ine
formation available, Untensble hypotheses could be of

two types: (a) @& hypothesis for a value of an attribute
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when ths opposite of one of the values but not both had
previously ococured on a positive instance, or (b) a
hypothesis for & value when both valuve or the opposite of
both values had previously occured on a negative instance,

Credit for eliminating an additional attribute was
given when the direct opposite (nonecontradietory) fomm
of the concept was given, '

S) Esolusive disjumbtion. PFocusing strategy for
exoclusive disjunctions is identical with that used for
biconditionals, except for untenabl»—hypothaséa,,vhieh )
could be of two types: (a) a hypothesia for a wvalue of
an attribute when the opposite of one of the wvalues dbut
not both had previously occured on a positive instance, or
(b) a hypothesis for a value when both values or the
opposite of both values had previously occured on a positive
inatance,

The mean foocusing scores for the ten treatment groups
for each of the three problems are given in Table 5, A

summary of the analysis of variance is presented in Table 6,
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Ko paper

Table §

Mean Pocusing Scores for Two

Memory Conditions and Five Concept

Problems

Conjunction
Exclusive Disjunction
Biconditional
Exclusion

Conjunetive Abgence
Conjunetion
Exclusive Dis junotion
Biconditional

Conjunctive Absence

Total

Rules for Three Problems

W40
.38
27
+29
«63
58
o1
43
47

«61
L6
«35
58
s 76
<71
22
77
43
«53

3

: 052

022
oliky
«66
52
71
22
«73

.73

o52

23.

Total
«51
35

W35

51
«63
«67

a9
. ‘65

«5l
g
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Table 6

Summary of Analysis of Varisnee: Focusing

Souree ar 88 = F
Memory (M) 1 0,06 0.060
Rule (R) L 3.88 0.970 8.15%
M xR L 1,02 0,255 2.1
Error (B) 70 8.30 0.119
Protlems (P) 2 0.76 0.380 = L,87#
PxM 2 C.2ly 0,120 1.54
PxHR 8 0,87 0,109 1.40
PxMxR | 8  0.67 0.08) 1,08
Error (W) Yo 10,98 C,078

% p <01

The effect of the concept rmle was significant at the
»01 level, F (4, 70) = 8,15, Since there was no effect for
paper and no paper conditions, Dunean multiple~range
ocompariasons were performed on the five concept rules summing
over memory, Table 7 presents the results of these |

comparisons,



Table 7
Focusingt Duncan Multiple~Range Comparisons for
Concept Rule Summing over Memory Conditions Concepts

Consepts D B E A c shortest
sign, range
Means ,271 410 578 L5867 L8588 (P <L01)
D v271 «139  .30Te# ,316k% , 31704 187
B o410 ns  L177# L,178« 0198
E «578 ns ns +200
A W07 ns <20}

LS P <¢01 # P <QCS

There was signiricunﬁly less focusing for disjunctive
concepts than for exclusion, conjunctive akbesence, or
conjunction (p {0l). Pocusing strategy was used less with
bloonditional than with con junctive and'cnnjnnctive concepts
(p <s05)a

The analysis of variance also revealed a significant
problems effect, F (2, 140) = 4.87, p <+01, The linear
component of the overall trend was significant, g;(i;‘xho) =
2,72, Plgure 2 is & plot of the mean foeusing scores for
each of the three problems for the five consept rules, Table
8 presents the reaults of Duncan multiple-range comparisons

betwesn problems,
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Pigure 2

Mean Pocusing Scores Plotted Against Problems
for Esoh of Five Concept Rules
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Table 8

Foousing: Duncan Multiple-Ranpe Comparisons for Problems

Problems _ p 3 3 2 shortest
sign, range

Means  LO7 oS2h «529 (p <.01)

1 407 J1TE Q228 16

3 o524 ns 2120

se p L0L  wp 05
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Poousing increase asross problems such that the first
problem differed significantly from the second (2.<}01) and
from the third (p {.05). The difference between the last
two problems was non-significant.

All of the interactions for foocuaing stratety were non-
significant.

Seanning strategys The rules for seoring scanning

strategy were adapted from Laughlin and Jordan {in press).
They are given in detail delow.

1) Ceonjunction. Each osrd selected by the pair of
subjeots was compared with the initisl card., If ths gelected
card was positive, all concepts differing on the given and
selected cards were eliminated; if the selected eard was
negative, all hypotheses identical on given and seleected
cards were eliminsted, The total number of concepts: thus
' eliminated plus concephs eliminsted by direct hypothesis
woere divided by the total numder of card choices to give the
averasge number of cerds eliminsted per cerd cholce,

2) Cenjunctive Absencs. Conjunctive scoring rmles
apply without exception.

3) Exelusion., The number of possible hypotheses to
be eliminated &8 doubled becsuse of the equivalent wordings
of the concept, The formula hypotheses eliminated minus one
divided by total eard choices times two, (H-1)2e¢, was used
to make the seanning coefficient acmparable with that of the
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conjunctive problems, When subjects eliminated a conocept
via sesmning, they were given sredit for eliminating both
equivalent formas of it, whiie a concept eliminated via
direct hypotheses 418 not eliminate the equivalent form,

i)} Bieconditional. Esch card seleated by the pair of
subjects was compared with the initial eard, If the seleocted
card was positive, only oconcepts involving combinations eof
dirfering and 1dentical atfributes or comdinations of
identical attributes on given and selected cards were
eliminated, If the selected oard was negative, all identical
hypotheses between given and selsclted eards were eliminated,

Sinee tha initial oard could have represented the actusl
form of the coneept (e,g. if the blask plus then yellow minus
and vice versa) or the corresponding nonmconhradiohory form
(4f black minus then yellow plus and vice versa), and
sub jects were not informed which was the case, the direct
opposite cf each tenable hypctheaia was itgelf tensdle.

The formula (H@l)/ée was eorployed to make the scanhins
j}.rriciont comparable with that of conjunctive concepts,
When subjects eliminated a concept via scanning, they were
given credit for eliminating both the actusl and non-
eontradichorj forms, Concepts eliminasted vis direot
hypothesis were given credit for eliminating the actusl

forin anlya
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5) Exclusive Disjunction, 8Since the original problem

card could have econtained either one of the two values, and
sach negative card could have contained either both or neither
of the values (subjects were not informed which was the case),
the direct opposite of each tenable hypothesis was itself
tenable, The formula (3«1)/23 was used to make the scanning
coefficient comparable with that of conjunective problems,
Subjects were given credit for eliminating both the actual
eoncept and its direct opposite (non-contradictory) form
when eliminating a conecept via scanning,
Table 9
Mean Scanning Scores for Two Memory Conditions

and Five Coneept Rules for Three Problems

Problems

1l 2 3 Total

Paper  Conjunction 2,90 5.01 L.28 .07
Exelusive Disjunction 2.60  3.27 2,70  2.86
Biconditional 2.32 3.33 2.48 2.7
Exelusion 2,03 Lol 3.05 3,07
Conjunctive Absence  L.30 4,00  3.97 k.09

No paper Conjunotion he28  S.14  he2l  h63
anlﬁsﬁvo Disjunction 1.55  2.64 2,54k 2.2
Bleonditional o 2.96 2,86 2.92 2,91
Exclusion 2.15 4.28 3.26 323

Conjunctive Absence  L.21  2.96  L.28 3,82
Total 2195 3:76 3¢37 3»36
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The mean acanning scores for the ten treatment groups

for each of the three problems are given in Table 9. A

swmuary of the analysis of variance is presented in Table 10.

Table 10
‘Summary of Analysis of Variance: Scanning

Souree 1 83 B r
Memory (M) 1 0.00 0400 _

Rule (R) 1 111,73 27.93 Te2 T8
MxR L 9.99 2,50 |

Error (B) 70 268,52 3.84

Problems (P) 2 26,06 13.03 640300
PxM 2 L2 2,26 1.05
PxR 8 38,63 1483 2,240
PxMxR 8 10.77 1.35

Ervor (W) 140 302,75 2.16

® p {05 aep (.01

The effect of the conecept rule was significant at the
+01 level, ¥ (L, 70) = 7.27, Since there was no effect for
pap&r end no paper conditions, Duncan mltiplowmgo‘ ” |
comparisons were performed on the five concept rules sumxing

over memory, TRkle 1] presents the results of the comparisons,
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Table 1)
Seanning: Duncan Multiple~Range Comparisons
for Concept Rules Summing Over Memory Condi tions

Concepts
Conocepta D B E A o} Shortest
S8ign. Range
Means 2,55 2,81 3,15 3.95 L.35 (p .01)
D 2,55 ns ns  1.4O0ss 1,8088 1.06
B 2,81 ne  l.dhwe 1,54es 1,11
E 3.15 0.80 1,200 1.1
A 3.95 0.40 1.16
& p {01

Seanning was used significantly more with eonjunctive
concepts than with disjunctives, biconditionals, or exclusions »
and with conjunctive absence more than with disjunctive or
bioondi tional (p <.01).

The analysis of variance also revealed a significant
problems effect, F (2, 140) = 6,03, p (L0l. The linear
component of the overall trend was not significant, P (1,140)
- 3.16, while the quadratic component was aignificantv, ) 4
(1, 3140) = 8,90, p (.01, Pigure 3 is a plot of the mean’
scanning scores for each of the three problems for the five
ooncept rules, Table 12 presents the results of Duncan
multiple~-range comparisons between problems,




Figure 3

Mean Socanning Scores Plotted Against Problems
for Eacli of Pive Coneept Rules
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Scanning: Duncan Multiple-Range ConpnrisonaN
V for Problems
?roblomn 1 3 F
Means 2495 3.37 3.75
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Scanning increased significantly from the first to the
gecond problem (lfn<( «01), but there was no differemms
between the third problem and either the first or the sesond.
A signifieant interaction between problems and eoneopt’
rule was found, * (8, 140) = 2,24, p (.05, As seen in
Pigure 3, thts intersction is & result of the desrease in
scanning strategy on the second conjunctive absence problem,
Por all other consept ruloé, there is a substantial inoresse
in seanning on the seeond problem, There was then an
increase in sosnning on the third conjunetive absence problem,
whereas there was a decresse for the four other eoncept rules,
All other 1n£oruetiona for scanning stfatogy were
nonsignificant,
Untenable hypotheses, The total number of hypotheses
‘made by a subject which were not consistent with all the
information available at the time was divided by the total

number of hypotheses (numter of eard choices) to give -
ratio of untenable hypotheses, The mean ratio of untenabls
hypotheses for the ten treatment groups for each of the
three problems are given in Tadble 13, A summary of the

analysis of variance is presented in Table 14,
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Table 13
Mean Untenable Hypotheses Ratios for Two
Memory Conditions and Pive Concept Rules for
Three Problems

1l 2 3 Total

Paper Con junction 037 «19 33 .36 J
Bxolusive Disjunction .Y «19 .18 023
Bieonditional b6 «33 .28 «36
Exclusion L6 .18 022 -.29
Conjunctive Absence 27 o1 .‘.37 26
No paper Conjunction «16 +15 +08 13
Exolusive Disjunotion .S 30 «33 »39
Bioonditional 27 W21 .23 .24
Exelusion «37 02  ,L,19 »19
Conjunctive Absence +35 20 «23 «26

- The main effects for the memory variable, F (1, 70) =
1.36, and for the concept rule, F (4,70) 1, were both non~
significant,

- The prodlems effect was significant, F (2, 14o) = 8,67,
p <s0l, The linear component of the overall trend was
significant, F (1,140) = 9,38 as was the quadratic component,
F (1,140) = 7,54, Pigure L is a plot of the means untenable
hypotheses ratios for eash of the three problems for the five
concept rules, Table 15 presents the results of Duncen

multiple-range comparisons between problems,
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Table 1 |
Summary of Ans}ysis of Variance: Untenable Hypotheées
Source a8 ss B R
Memory (M) 3 0.17 0.17C 1.36
Rule (R) N 0.36 0.090
MAx R b 0.76 0.190 1.52
Error (E) 70 8.75 0.125
Problems (P) 2 1.04 0.520 8,67#
PxM 2 0,05 0.003
PxR 8 0.38 0,047
PxMxR 8 0448 0,060
Error (W) 140 8,53 0.061
» P .01
Table 15

Untenable Hypotheses: Duncan ¥ultiple~Range

Comparisons for Problems

Problems 2 3 1 Shortest
sign. range
Means +197 «231 +350 (p <.01)
2 s197 «03L « 1530 +102
3 231 «119an «106
#+ p <001 A

There proved to be significantly more untenable
hypotheses on the first problem than on sither the gecond
or the third (pg¢ .0l1), between which there was no difference,

There were no significant intersctions for untenasble hypotheses,
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Pigure L
Mean Untenable Hypotheses Ratios Plotted
Against Problems for Each of Pive Concept Rules
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Time to solution. The mean time to solution in minutes

for the ten treatmsnt groups for eaeh of the thres protlems
are given in Table 16, A summary of the analysis of

variance 1s presented in Table 17,
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Table 16
Mean Times to Solution for Two Memory
Conditions and Pive Concept Rules for Thruve Problems

Problems
1 2 3 Total
Paper  Conjunction 8.88 3.25 }.25 546
Exelusive Disjunction 23,38 13,13 11,88 16,1
Biconditional 15.50  9.12 11,13 11,93
Exclusion 18.50 7.38 9.75 11,88
Conjunetive Absence 8.50 8,50 6,13 7.71
No paper Conjunction _ 6,00 3,25 3.50 L.2%
Exclusive Disjunetion 26,38 13.88 11,50 17,26
Bieonditional 20,00 10.13 8,50 112,89 )
Exelusion 16450 6,63 6,38 9.8y

Conjunctive Absence 13,88 7.88 17,00 9,59
Total _ 15.75 8431 8,00 10,69,




Table 17
Supmary of Analysis of Variance: Time to Solution

Souree ar 8s M8 r
Memory (M) 1 1,20 1,20

Rule (R) b 3702.83 925.71 12,908
MxR b 3L 7 83.69

Error (B) 70 5024.79 71.78

Problems (P) 2 3079.37 1539,69 19.25#
PxM 2 81,37 10,69

PxXR 8 652,55 81.57 1,02
PxMxR 8 153,38 19.17

Error (W) 0 11196433 7997
#p <;01

The effect of the concept rule was significent at the
+01 level, P (4,70) = 12,90, Since there wes no effact
for peper and no paper conditions, Duncan multiple«range
comparisons were performed on the five consept rules
summing over memory. Table 18 presents the results of

these comparisons,
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Time: Duncan Multiple-Rsnge Comparisons for Concept

Rules Summing Over Memory Conditions

Concepts c A B B D Shortest
sign. range
Means b.SS 8 ™ 65 10 085 12 .hO ; 16g69 %g uO’-)
¢ h.85 ns 6,00%% 7:55“ 11«8’-}” ,J +60
A 8.65 ' 2420 3,75% B8,04ew ;.88
B 10.85 ns 5+84us 4493
B 12,40 ' L ,29« 5.03

## p (0L ¢ p (,08 |

Dis junctive concepts required more time to solution
than sny of the other four concept types, These differences
were significant at the ,0) level, except for biconditional
concepts, where the lovoi of significance was ,05, Bi-
condi tional concepts required more time than eonjunctives
(p {+01) and conjunctive absence (p {.05). Exclusion
conocepts required more time than conjunctives at the ,01
level, Other difflerences were not significant, |

The analysis ot vnrignca also revealed a significant
(2, 140) = 19,25, p{.01. The linear
component of the overall trend was significant{ g'_‘ (;, 10) =
30,04, p {e01, as was the quadratic component, P §1, 140) -
8446, p (401, Pigure 5 1s a plot of the mean times to
solution for easch of the three problems for the five concept

effect for problems, F

rules, Table 19 presents the results of Duncan multiplee
range oomparisons between problems,
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Table 19
Time: Dunean Multiple-Range Comparisons for Problems
Problems 3 2 1 shortest sign, range
Means 8,00 8,31 15,75 (p <WO1)
3 8,00 0.31 T TSt 3.70
2 8.31 Tl 3.85

L3 P <¢01
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The Tfirst problem required significantly more time
(p <¢01) than either the second or the third which did not
differ from each other significantly.

All of the interactions for time to solution were
nonsignifiecant,

Since none of the dependent measure showed any effect
for memory, the annlysis‘ of variance for eﬁrd choloces,
focusing, untenable hypotheses, and time were performed
again summing over memory. The results of these analyses

are presented in Table 20,

Table 20
Summary of Anslysis of Variance Ignoring Memory

Card choices

Seurce ar 88 M3 d
Rule L 383.71 95,93 L 43000
Error (B) 75 167425 22,32 B
Problems 2 245.81 122,91  11.84es
P xR 8 136,69 17.09 1,60




Table 20 « Cont,

L.

Source at S8 MS F
Focusing
Rule L 3.08 0.970 8, 7Thee
Error (B) (4] 8430 0,111
Problems 2 0.76 0.380 5e2lttn
PxR 8 0,87 0,109 1,49
Error (W) 150 10,98 0,073
Untenable Hypotheses .
Rule (R) L 0.36 0.090
Error (B) 75 8.75 0,116
Problems (P) 2 .04 0,520 951208
PxR 8 0,38 0,047
Error (W) 150 8.53 0,057
Time
Rule L - 3702.83 925,71 13,8204
Error (B) ™ 5024 .79 67.00
Problems 2 3079437 1539.69 20,63
PxR 8 €52,55  81.57  $#1.09
Error (W) 150 11196,33 h.64 .
% p (01

The results of these new analyses showed no new

8lgnificant main effects or interaction effects,




L3.
Each concept mile was ranked with respect to difficulty
for each of the five response measures in order to provide
a nﬁmmary of the results, These ranks and the mesn rank of
each eoncept rule are presented in Table 21,
Table 21
Renked Difficulty of éach of Five
Concept Rules for Pive Response Measures
Rule Measure Rank Mean Rank

Card choices
Focusing

(C) Conjunetion Seanning
Untenable hypotheses
Time

(A) Conjunctive Card choices
Absence Pocusing
Seanning
Untenable hypotheses
Time

Card choice
Pocusing

(E) Exclusion Scanning
Untenable hypotheses
Time

(B) Bileonditional Card choleces
Poousing
Seanning ,
Untenable hypotheses
Time

Card cholce
Pocusing
(D) Exclusive Seanning
Dis Junction Untenatle hypotheses
Time

Note ~ 1 implies least difficult

|

1,00

2.00

3.00

4400

5.00

VIR £8 208 Wwwwww NN N b od ok pud gt
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Each of the five response measures ranked the diffioculty
of the concept rules in the same order: c¢onjunction,
conjunetive absence, exclusion, biconditional, and exclusive
dis junction, It should be noted that Table 21 is to be
read as a gross measure as many of the ranks are not clearly
supported by significance tests,
Correlations between the five response measures over-
all concept rules and for each of the five concept rules
are given in table 22,
Table 22

Intercorrelations of Response Measures

Overall
cc P 8 T
-o5N
Y «T1
oli9 ~+39 -oli9
UK .66 -e65 “e62 .18
Con funotive
¢c F 8 o
F ~s87
s ~+85 .86
T o5l ~«56 ~olily
UH «T0 -+ 76 -T2 «Sh



Table 22 -~ Cont,

Dis junctive (ég. r s N
F «o3
8 -, 70 +66
T «32 «+08 ~s06
UR o 61 - 67 - 77 ~e07
Bilconditional oc » i r
=470 |
=490 78
iy | W53 =a20 <.33
UH +88 ~s73 -.83 »33
Exclusion cc ¥ s T
F 57
_ =86 «61
o o1 -+20 o1l
UH W83 =60 - =80 »12
Conjunctive Absence ce r s z
-2l |
- 77 +51

bSh ¢06 “v63
L3 -6 -e29 «e18

2 2w

a following abbreviations are uged:
oard cholces « Pufocusing

3" - Seanning - Twtime

UH- Untenable hypotheses

Note:

LS.
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Piscussion

The ascending order of difficulty as measured by all
five dependent measures in the preésent study (conjunctive,
conjunctive absence, excluslon, biconditional, snd escluslve
disjunction) differs from that found by Neleser and Weene
(1962): eonjunctive, exclusion, conjunctive absence,
exclusive disjunction, and biconditional, However, If one
considers only those differences lLetween coneept rules which
were significant, there is substantial agreement between the
two sets of data,

In this light, the main difference between the fwo
studies is that exolusion concepts were relatively less
difficult in the Neisser and Weens study, This mipht le
explained by the more complex (625 distinguishable stimuli)
concept universe employed by the former authors, although
why this complexity should have affected exclusion concepts
more thsn others is not readily apparent,

The findings of Pruner, Goodnow, and Ausin (1956);
Haygood and Bourne (1965)3 Conant and Trabasso (1964)s and
Laughlin and Jordan (in press) that inclusive disjunctive
ooncepts are more difficult than oonjunctive concepts were
replicated in the present study with exclusive dis junetive
concepts, Haygood and Bourne (1965) foeund no difference
betwesn conjunctive and dis junotive conoepts, but the study
involved a rule identification task,
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Pinally, with respect to gross performance measures,
the pregent rindiﬁgs confliet with those of Haygood and
Bourne (1965) who found a signifieant difference reflecting
the greater d4ifficulty of conjunotive sbsence concepts
relative to conjunction. No signifiocant difference was
found in the present study.

On strategy measures, the present findings also conflict
somewhat with those of Laughlin and Jordan (in press). These
experimenters foumd more use of foecusing with conjunctive

concepts than with either inclusive disjunctiio or bl
veonditlonal, and more with disjunctive than with bieenditional,
In the present study there was no difference between bi-
conditionel concepts and exclusive disjunctive, It might

be conecluded, then, that sxelusive disjunctive cencepts are
more difficult than inclusive disjunoctives, In faet,

theorics of concept difficulty predict this.

PFor scanning, however, the present study found less use
of this strategy with biconditionsl coneepts than with
conjunctive concepts, while Laughlin and Jordsn found no
such difference,

In generel, Laughlin and Jordan found focusing to be a
more sensitive measure whereas the present study found
scamming to be more mensitive, jPerhaps the greater tendency
of scooperative groups to employ focusing (Laughlin, 1965}
Leughlin and MoGlynn, {in press) is responsible for this
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difference.

The differential difficulty of concept typres ean be
explained in any of four ways, none of which are contradict-
ory to the present results, The hierarchieal theory of
Neisser and Weene (1962) would predict that the level ITI
concepts (biconditional and esclusive disjunction) could
be significantly more difficult than the level II concepts
(conjunetion, conjunctive absence, and exclusion)., The
results of this investigation are in agreement with these
predictions.,

Similar predictions would be made by a %Hfeory based on
stimulus uncertainty, Biconditional and exclusive dis-
junctive concepts involve a 2:2 split in contingencies while
the other three concept types all involve a 3t) split. In
view of the lack of experimental evidence on the question,
éne can only surmise that the difficulty of concept types
predicted from a theory based on initial subject familiarity
with the oconcepts would parallel the results of this study.
It does seem, however, that disjunoctive concepts, even of
£he exclusive variety, should be more familiar to sudb jects
than bieonditionsls. Pinally, since biconditionsl and
dis junctive concepts require greater utilization of negative
instances, a prediction based on this eriterion would also
it the obtained data.

Although, the present study heas no direct evidence on
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the point, i1t should be noted that the Laughlin and Jordan

(in press) assertlion that biconditional concepts probably
increase in diffieculty with the number of values per
attribute was given some support by the fact that bie
oonditional concepts ranked above dis junotive concepts in
the present study which used a six attribute two-value concept
universe, If so, this may explain the difference between
the results of this study and those of Neisser and Weene
(1962) who found exclusive disjunctive concepts less
difficult than biconditionals using more oompléx stimuli,
The memory variable as manipulated in the present
oxparimadh had ibsolutoly no effect. Laughlin and Doherty
(in press) likewise found no effect for paper and no paper
conditions, although, two significant third order interasctions
did arise for both focusing and secanning (display x memory
X discussion; and numbter of relevant attridbutes x memory x
discussion). In his review of the effects of memory on
concept attainment, Dominowski (1965) notes that only two
studies have failed to show impaired performance with
increased memory requirements. One of these is relesvant to
the present discussion. Sechrest and Wallace (1962) used
e« proocedure like that of the present study and varied the
memory alds available to help subjects remember what
information had been transmitted by the first instance,
The memory alds hnd’no effect, but it eould not be |



50,
determined to what extent they had actually been used by
gubjects. In the present experiment, some subjeets falled
to use the paper at all, and many did not use it econsiste
ently.

Twe more reasons may be advanced %o explain the failure
of the memory manipulation to produce results, Firat, the
constant availabllity of all 6l stimull cards, the systematic
srrangement of the oards, and the ¢haracteristics of the
display itself all served to reduce memory requirements,

The fallure of many sudb jects to use;i the paper provided
them supports this view, Secondly, memory requirements weve
further reduced by the presence of two uuﬁésébt sooperating
in solving the problem, What: one subjeot forgot, the other
was likely to have rememhered,

This is not to say that the ressults of the present
experiment are unsonfounded with memory requirements,  Often,
for example, the interaetion between the cooperating subjects
served to reinforece the misinformation of one of them,

There 18 no evidence that this confound was random aeross
conditions, What is needed, then, is a morsc effective way
of either controlling or manipulating the memory requirements,

Although this study emploved a selsotion procedure
which usually produses no inter-problem transfer (Laughlin
and Jordan, in press), improvemsnt over problems Was

hypothesigzed on the basis of the results of Laughlin and
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MoGlynn (in press), All five dependent measures indicated
positive iﬁterpfoblam transfer. Still the results are
confusing.

For both eard eholces to solution and untenable
hypotheses, the first problem was significantly more 4iffi-
cult than either the sesond or the third whieh did not differ
signifieantly, although performance wag better on the second
problem by both measures. Both measures also showed sige
nifiecsnt quadratie and linear trends. Resultq for foeusing
strategy were ldentlieal exeept that the quadratic trend was
not significant, It is qQquite possible that the great improve
ment from the first to the second prodlem led subijects to
experiment (perhaps with unsuccesaful focus gambling) on the
third problem, which in turn ecasused a decrement in performance.

The time to selution measure reveasled an only slightly
different pattern. Here both the linear and quadratie trend
components were significent, and the first problem required
significantly mere time that the other two, but there was no
decrement in performance on the third problems In fact,
beenuse of a great Improvement on the third dis junetive
problem, overall the fhird problem required less time than
the second, Actually, time, which subjectsz were instreted
to ignore, may be taken as a measure of organization and
coordination within the two person group as much as a

measure of performende. In this sense an improvement on
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the third problem would be expected,

For scanning strategy, the first problem was signifi-
cantly more difficult than the seeond, but the third problem
differed from neither the first nor the second. Only the
quadratic component of the trend was signifieant, Both
these findings reflect the significant interaction between
rules and problems which was a result of a large decrease
in seanning on the second conjunctive gbsence problem and
a large increase on the third,

An interesting finding emerges from an analysis of the
seoond oconjunctive absence problem, The large decrease in
scanning was accompanied by slight improvements on the card
cholces, time, and focusing measures, and a relatively
good improvement on the untenable hypotheses measure, Prom
this it appears that on this problem, subjects in the
conjunctive absence condition adopted some effeotive effective
strategy which wes not detected by any of the measures used,

The fact that the eorrelation between foousing and oard

cholces was only =.24, and that between scanning and card
c¢holces was only «,77 (lower than three of the other four
concept rules) supports this interpretation.

Akthough none of the other rule by problems interact-
ions were significant, some comments can be made about the
plots shown in FPigures 1 through 5. For the gross perform-

ance measure, ocard shoices to solution, the plots for the




53.
other four concept types (excluding conjunetive absence)
are somewhat similar, showing an improvement on problem
two and s decremsnt on problem three, The same may be
stated for these four coneept rules on the other four
measures with these exceptions, PFor focusing strategy
subjeets with biconditional concepts did not 1mprove until
the third problem, while there was s deerease in focuasing
on the third dis junctive problem, Fleonditional conocepta
failed to induce more untenable hypotheses on the third
problem, and exclusive disjunoctive concepts required less
time on the third problem,

- The pattern that emerges from these comparisons is one
of similarity among the level II concepts (conjunctive,
econjunctive absence, and exclusion) and one of eratic changes
among the level III concepts (biconditional and exclusive
Aisjunction), While on the one hand supporting the hdar-
archical interpretation of the organization of consepts,
this view leads one to believe that the basic scanning and
foousing strategies may break down when more difficult level
IXII concepts are encountered.

The correlations between rétponsevmeasuros'reportod in
this study are generally somewhat higher than those fou.d
in Laughlin (1966), Laughlin and Doherty (in press), and
Laughlin and Jordan (in press). The overall correlations

are closest to those reported by Laughlin and Jordan,
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Although 1t would seem reasonable to attribute this to the
fact that both that study and the present one deal with
more somplex concepta, the exceptionally high correlations
found in the sonjunctive condition dispute this interpreta~
tion, espssially since the correlations in the exclusion
and conjunctive absence conditions do not follow this
pattem, Perhaps these correlations would parallel those
of Laughlin and Jordan 3f the latter considered only two
attrilstte concepta,

The correlations reported here for the five concept
rules show considerable differences. However, there 1is
no perceptidle pattern to thaag differences,
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Appendix I

Instrueoctions

This is an experiment in thinking. There are &} cards
on this board, arranged in 8 rows of 8 cards each and
numbered from 1 to &), These cards are all the possible
combinations made by taking mix colors, ueh,‘-caior‘ being
either & plus or a minus, (Point out the 6 colors, »ﬁh
a plus or minus), The selors are called attridbutes, and
the plus or minus are ocalled values,

These eards §nn be grouped together or catsgerised in
a large number of possible ways by follewing a specified
rule, This rule defines a concept, sand a concept is the
group of all cards that sstisfy the rule, ,

(Conjunction). The rule 1is that the card must have both
a particular value (plus or minus) on one color snd a
particuler value on another e¢olor, PFor exsmple, all the
ecards with a blasck plus and a yellow plus are {ies sensept
"black plus, yellow plus.” Ogg all the eards with a blue
minus and a red plus are the concept "blue minﬁa, red plus,”

(Exolusive Disjunction). The rule is that the sard
must bave either a value (plus or minua) on one oolor or
a value on another éolor, but not bothe For example, all
the eards which have a black plus or a yellow plus but not
beth a 'bhek plus and a yellow plus are the coneept "black
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plus or yellow plus but not both." Or, all the cards which
have a blue minus or red plus but not both a blue minus and
a red plus are examples of the concept "blue minus or red
plus but not both,"

(Biconditional). The rule is that if the card has a
value (plus or minus) on one ocolor, then it must have a
value on a seocond oolor, and vice versa, Feor example, if
the card has a yellow plus then i1t must have a blaek plus
"aoﬁ be a member of the conecept Bif yellow plus, then black
plus, and vice versa,” and if it has a blaeck plus, then
it must have a yellow plus to be a member of the concepk
"i1f yellow pluuk then black plus and vice versa, PFinally,
1f the card has neither a black plus nor a yellow plus,
then it still satisfies the rule "if yellow and then black
plna.” Or, if the card has a blue minus, then tt&mﬁi%haw
“a'red plus to be & member of the concept "if blue minus,
then red plus, and vice versal! 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, and
vice versa.”

(Exolusion), The rule is that the card met have a
partimhr value (plus or minus) on one solor and must not
have a particular value on enother color, For example, the
cards which have a black plus and do not have a yellow plus
are the concept "black plus and not yellow plus,” Or, all
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the cards which have the blue minus and do not have a red
plus are an example of the conecept "blue minus and not red
plus,”

(Conjunctive absence). The rule is that the oard must
not have a value (plus or minus) on one color and must not
have s value on another color. For example, all the eards
whieh do not have a black plus or a yellow plus are an
example of the comopﬁ *neither black plus nor yellow plus,”
Or, all the eards which do not have a blue minus or a red
minus arc an example of the eoneept:/ "neither ’blue minus nor

red minus,”
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In the problems I will have some concept in mind, and
your Jjob will be tec determine what it 1s, 1I'11 start you
off by giving you the number of one of the cards that is
1ﬁaluded in the consept; that 1s, one of the group of cards
that exemplify the coneept I have in mind. Then you will
seleot any card you wish to in order to get information as
to whether the card you select is also included in the concepl.
If the e¢ard you seleoted is included in the concept, I will
say "yes," and I1f the card you selected is not included in
the concopt, I will say "no." To be included it must exactly
iatisry the rule.

Give examples of a sard that possidly satisfies one
aspect of the rule, but not entirely the rule), - a card
that 1s half right,

Then, you will make a hypothesls as to what coneept you
thinkthink I have in mind, If your hypothesis is correct, |

iRy

g .
I'1) say "yes," and you've solved the problem, If your

P

hypothesis 13 not correct, I'1l say "no.,” A "no" means thnat
your nypothesis is not entirely correct, although it might
be partlally correct.

{(Give 2 parallel example of a vartially correct
hypothesis to the one you gave above).

If I say "no," you select another card, and again Y'11l
say "yes" or "no" depending upon whether the card you select

is included in the concept, and again you will make a
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hypotheais and I'1l say "yes" or "no"™ to the hypothesis,

S0, you kesp repveating the procedure of selesting a card
and making a hypotheais until you've solved the problem,
The object 1s to solve the problem 4n as few card
cholces as possible, regardless of time,
For paper - Subjects -~ You can use this paver 1f you
wish to take notes and help your memory.

Reiterate the concept rule,
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