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PREFACE

This technical report is based on the master's thesis of James Ramsay.
Thesis commitiee members were Herbert J. Klausmeier, Chairman; Chester W.
Harris; and Thomas Johnson.

In our program of research and development at the Center for Learning and
Re-education, we have identified four main classes of manipulable variables;
thoserelated to stimulus material, those related to instructions used in the ex-
periment, those r( ated to response modes, and thos= related to conditions of
learning. The members of a fifth class, termed organismic variables, are used
primarily to stratify samples of subject. We have organized these classes into
a taxonomy of variables which is outlined in Technical Report No. 1 ot the
Center.

Mr. Ramsay's study is an attempt to clarify relationships among two vari-
ables taken from two of the major classes—a variable related to conditions of
learning and a stimulus variable, Specifically, the study dealt with concept
attainment by individuals and pairs where the concepts were identified through
figural or verbal.instances.

A majer cqnclusion of this study is that pairs attain concepts more effi-
ciently than do individuals. Caution is heeded in interpreting and applying this
conclusion. Pairs in the present study, and in most other laboratory studies,
perform better initially than individuals. Although this is true, one should not
generalize to non-laboratory situations without further study in the non-laboratory
setting. Would this superior initial performance by pairs have continued when
working individually on later similar tasks ? This question was not studied by
Mr. Ramsay. Other research indicates that taose who work indivicdually, though
performing less well initially than peirs, perform better subsequently than do
the members of pairs.

Herbert J. Klausmeier
Co~Director for Research
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ABSTRACT

In this study, the perfcrmance of individuals and pairs attaining four concepts
was compareqd; the effects of two types of material were determii.ed; and the ef-
fects of four sequences of presentation of the concepts were determined. Per-
formance was assessed with five dependent variables: time to criterion, total
number of card choices, number of card choices to the first hypothesis, number
of hypotheses offered, and number of atiributes checked to the first hypothesis.

It was found that pairs were in general equal or superior to individuals in at-
taining concepts. A tentative explanation for this finding was that pairs were
better able to gather iniormation because the members of the pairs had, betwean
them, a superior joint memory capacity.

Ss using figural material were equal to or better thanSs using verbal material
in attaining concepts. It was suggested that information was more readily ob-
tainable on the figural board than on the verbal board.s

When ordinal position of the concept in the sequence was plotted against three
dependent variables, it was found that performance was poorest o# the first con-
cept, that!timprovedmarkedlyonthe second concept, and that improvement con-
tinued for the third and fourth concepts, but at a slower rate. It was suggested
that this improvement was due to familiarization of the Ss with the material and
practice on the task.

The four different sequences in which the problems were presented led to
statistically significant differences in performance as measured by time to cri-
tericn and number of hypotheses offered. Several alternative explanations were
suggested to account for these results,
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The discoveryof consistent experimentalre-
suits in the field of human problem solving is,
at best, an elusive business. The scope of
this fivld is constantly expanding and shows
no indications of slackingoff. If anything, the
trend is an inverted pyramid with one finding
begetting several i:ew problems. It is, perhaps,
for this reason that the study of problem solv-
ing has become a superclass, under which are
subsumed a number of more specialized cate-
gories. One such area which is itself expand-
ing rapi~'y is the study of concept attainment.
Even in such a specific area, however, findings
are as often contradictory as they are compat-
ible. In studiez where the effect of type of
materialon concept attainment is tested, these
kinds of contradictory findings are exhibited.
For example, Davidon (1952) fouad that con-
cepts were more easily attained when pictures
of objec*s were smployed than when the written
names of the objects were used. Runquist and
Hutt (1961) found the opposite to be true. Hejd-
breder's classic finding (1946) was that con-
crete objects were more easily clagsified into
concepts than were abstract forms. Bruner et
al, (1956) founri thct college students could
attain concept:. more effivient!y with abstract

|
PROBLEM

material than with drawings of pairs of persons.
Where the performance of groups on problem

solving tasksis compared with that of individ-

uals, findings are also ambiguous. Duncan

(1959), inacomprehensivereview of the litera-

ture, concluded that individuals were superior

to groups in problem solving. Suveral studies

(Tuckman and Lorge, 1962; Restle and Davis,

1962), however, have found groups to be su-

perior to individuals. Klausmeier, Wiersma,

and Harris (1963) found groups more efficient
than individuals on an initia! set of concept
attainment problems, while individuals who
participated initially as individuals were more
efficient on a transfer set of problems than were
individuals who learned initially in groups.

Further study on type of material and group
size would thus appear to be necessary in order
to determine the effects of these variables on
concept attainment.

The purposes of the present study were:

1. To compare the performances of pairs and
individuals on a concept attainment task;
and

2. To determine the effects of two types of ma-
terial, figural and verbal, on concept attain-
ment behavior,



METHOD

The method ¢’ using a multidimensional stim-
ulus arrey from which Ss choose instances to
compare with afocus card and are then informed
whether their choice is a positive or negative
instance, was first fully described by Bruner et
al. in their work on concept attainment. These
authors were able to deal with many aspects of
concept attainment including the effects of com~
plexity and cognitive strain; the method also
allowed them to develop a system of strategy
identificationin concept attainment and to de i
with strategies in detail. The Bruner et al.
method was used as amodel for the present study
because of its flexibilily; by using this method,
three main effects and their interactions were
studied. These eifects were assessed by five
dependent variables.

SUBJECTS

The subjects were 96 students from an intro-
ductory course in educational psychology at the
University of Wisconsin. The age range of the
Ss was from 19 to 26; the modal age was 21.
Sixty-four females and 32 males participated in
the experiment,

EXPERIMENTAL MATERIALS

Two types of stimulus arrays were used in
the experiment. One of the arrays consisted of
64 randoinly arranged 3 X 3 in. cards, each of
which displayed one of two values for each of
six attributes. The attributes and their corre-
sponding values were:

number of borders = one or two
continuity of borders - solid or broken
number of figures ~ one or two
size of figures ~ large or small
color of figures - red or green
shape of figures - circle or ellipse

Each card contained a unique combination of
attribute values printed on it, and could be com-
pletely describedin terms of its number of bor-
ders, continuity of borders, number of figures,
size of figures, color of figures and shape of
figures. The attribute values printed on the
cards were figural in nature. That is, a card
on the figural board actually contained borders
and figures. The cards were arranged ii: eight
rows and eight columns. Below each card was
a two digit identification number vthich was also
randomly determined. This array was termed
the Randen: Figural (RF) array.

The second array displayed exactly the same
information as the RF board, but the information
was contained in words. The cards on this
board contained the same combinations of attri~
Lute values as the RF array. The cards were
arranged in the same position on the board and
were given the same identification numbers.
But, where the cards on the RF array displayed
actual borders and figures, the cards on the
second array displayed printed words which
represented the figural material. This display
was termed the Random Verbal (RV) board.

Four concepts, each with two relevant attri-
butes, were to be attained by the Ss. A concept
may be considered as a particular attribute value
or combination of attribute values which define
a subset of cards on the display. For example,
'"all cards with green, circular figures' would
be a concept which defines a subset of cards
on the display. Each positive instance of this
concept wouid display green circles. For a
concept consisting of two relevant attributes
there are 16 cards on the display which are ex-
emplars or positive instances of the concept
and 48 cards which are non-exemplars or nega-
tive instances of the concept. There were four
concepts to be attained by all individuals and
pairs. Since the four corcepts were arranged
in four sequences, in a Latin square, each con-
cept was designated by & letter. The concepts
were:

Y Y -
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A. Two Borders, Green figures

B. Broken Borders, Elliptical figures

C. Two, Circular figures

D. Small, Red figures
The same concepts were attained on the RF and
RV boards.

EXPERIMENTAL PROCEDURE

Each individual or pair was tested separately.
The Ss selected for the experiment participated
as part of a course requirement. They listed
their free hours and were scheduled in one of
those hours. Preceding the experiment the Ss
were informed that thev would take part in a
concept attainment experiment. After partici-
pating, Ss were requested not to divulge the
nature of the experiment to their classmates.

Upon reporting to the learning laboratory,
each individual or pair was seated at a table
across from E. The array of cards, RF or RV,
was laid horizontallyon the *2ble in front of the
Ss. The following instructions were read by E:

This experiment is concerned with how peo-
ple attain concepts. You are going to have
an opportunity to work several exercises in
concept attainment. Your performance on
this is not related to your course grade.

Here is a display of 64 cards. FEach card
contains six attributes. The attributes are
number of borders, type of borders, number
of figures, size of figures, color of figures,
and shape of figures. Zach card has either
one or two borders, broken or solid borders,
one or two figures, large or small figures,
red or green figures, and circular or eilipti-
cal figures. (E demonstrates with slip of
paper which has the attributes listed in one
column and the defining characteristics in
another coiumn. )

Every card on the board is different from
every other card in at least one of the six
attributes just described. However, there
are a number of ways certain cards may be
grouped so that all cards in a specific group
possess one or mor2 of the same attributes.
To iilustrate from the animal kingdor:, we
know that all animals can be classified into
two distinct groups—vertebrate and inverte-
brate. Thus, every animal either does or
does not have a backbone and may be put
into either group—vertebrate or invertebrate.
In a like manner, all the cards indicative of
""Green Circular Figurss'' may be grouped to-

gether to form the concept '""Green Circular
Figures.'" Here are two of several cards
which belong to this concept. (E points to
#72 and #35.) You pick out three others
which also belong to the '"Green Circular
Figures'" concept. (Wait for S to pick out
such cards.) Now pick out two cards which
4o rot belong to this concept. (Wait for S
to pick two such cards.) O.K., that's fine.
This is anexample of a concept that has two
relevant attributes, the two relevant attri-
butes being color and shape of figures. (E,
in putting down this concept, puts a check
in (X) green and (X) circle on slip. )

In this experiment your job is to attain the
concept that I have selected. At the begin-
ning of each task I shall show you on. rard
which belongs to a concept that { have se~
lected and which you are to attain. This
card we will call the focus card. You are to
szlect cards which you want to test as be-
longing to the same concept as the focus
card. Select each of your successive czids
by pointing to it and reading off the r.umber
which is immediately below it. After each
selection I shall state''yes'' or ''no' depend-
ing upon whether or not the card you selacted
belongs to the concept. As ycu find which
cards do and do not belong to the concept
you can ascertain the concept.

Whenever you think you kniow the concept,
stop and ask for a slip of paper. Then check
the concept on the slip, and I will read the
concept back to you so there is no misunder-
standing. If your conceptis correct the task
is completed. If not, I'll simply say ''not
correct" and you will continue selecting
cards until you again think you know the
concept. Youmay present as many concepts
as youiike. The job is to attain the concept
as quickly as possible. Are there any ques-
tions ?

Inadditionto these ins.ructions, the pairs were
told that they were to work as a team, that they
were to cooperate, and that they could talk
ireely during the course of the experiment.
Each individual or pair was then given the
four concepts, one at a time, on one of the
boards. A task was initiated when E indicated
a focus card or initial positive instance of the
concept. Ss thein proceeded to choose instances;
E said'yesd' to those instances which belonged
to the conceapt and '"no'" to those instances
which did not belong to the concept. When the
Ss thought that they had attained the concept,



theyoffered an hypothesis. Slips of paper were
supplied for this purpose. These slips listed
the attributes and their corresponding values,
Ss offered an hypothesis by checking with a
pencil those values which they thought made
up the concept and handing the checked slip to
E. Ereadback the hypothesis to the Ss in order
to confirm the Ss' hypotheses and to prevent
mechanical errors on the part of the Ss. This
procedure was followed for each of the four
problems.

If an individual or pair was unable to attain
the first concept in 20 minutes or the second
concept in 15 minutes, the data were not used
and another individual or pair was run as a re-
placement. Five individuals and four paurs
who did not meet these criteria wer~z replaced.
During the experimental sessions, E recorded
Ss' card choices, the hypotheses offered, and
the time taken to attain the concept.

EXPERIMENTAL DESIGN

Independent Variavles

Sizeof group, type of material, and sequence
were treated as independent variables. The
phrase ""size of group' when here used does not
implythat thefindings of this study are neces-

sarily applicable to aroups with more than two..

members; itis simply a label to identify an in-
dependent variable with individuals and pairs
being two levels of this variable. There were
two types of material used in this study, figural
and verbal. Fourconcepts, each with two rele-
vant attributes, were worked by each S or pair.
The concepts were labeled A, B, C, and D.
The concepts were arrangedinto four sequences
which formed a Latin square. The four se-
quences labeled 1, 2, 3, and 4 were:

1. DABC
2, CBAD
3. ADCB
4, BCDA

Although sequence was treated as an inde-
pendent variable in the statistical analyses of
the data, the effects of the four sequences were
not of primary interest in this study. The four
sequences were incorporated as a counterbal-
ancing device,

Distribution of Subjects

Samples of 64 females and 32 males were
randomlychosenfrom an introductory course in
educational psychology. These Ss were naive
with respect to the concept attainment task
they were to perform. Ss were assigned ran-
domly to 16 treatment groups with the restric-
tion that there were to be equal proportions of
male and female pairs and of male and female
individuals in the treatment groups. Each treat-
ment grcup consisted of pairs or individuals
workingon figural or verbal material with con-
cepts arranged in one of four sequences.

TREATMENT OF THE DATA

Dependent Variables

Five dependent variables were used to as-
sess pcrformance of Ss on the concept attain-
ment task: time to criterion, total number of
cardchoices, cardchoices to the first hypothe-
sis, number of hypotheses offered, and number
of attributes checked to the first hypothesis.
These measures can best be demonstrated by
example. A sample data sheetis given in Table
1. The value of each of the six attributes is
represented by either a zero or a one,

TABLE 1

Hypothetical Sequence of Card Choices to
Illustrate Dependent Variables

= ___

Ss Card Choices Descriptioh Type of Instance

07 {focus) 000000 +

17 | 100000 +

36 001000 +

04 110000 -
Hypothesis N, Incorrect

offered

19 010010 -

16 101000 +

19 000001 +
HymtheSis -0-0__ Correct

offered

Time 107 Sec.

Time to criterion was defined as the time it
took the S5 to attain the concept. A concept
was considered to be attained when & correct
hypothesis was offered. In the example given




in Table 1, time to criterion was 107 seconds.
Total nuinber of card choices w1s six in the ex-
ample. There were three cards chosen before
the first hypothesis was offered. A total of two
hypotheses were offered.

Number of attributes checked is an estimate
of the information $s had access to concerning
therelevance of attributes to the concept. Again
the example in Table 1 should be considered.
Un learning card 17 was positive, it could be
determined that the first attribute was irrelevant.
It is only an inference that the Ss actually as-
similated this information. On learning card 36
was positive, it could be determined that the
third attribute was irrelevant to the concept.

On learning card 04 was a negative instance,
it could be determined that the second attribute
was relevant; thatis, that the value of that at-
tribute on the focus card was relevant to the
concept. Inthiscase, two attributes have been
varied from the focus card, but since the first
attribute was found to be irrelevant, varying
that attribute is of no consequence in further
card choices, At this point in the sequence of
card choices an hypothesis was offered which
was incorrect. A score of 3 would be given for
the number of attributes checked to the first
hypothesis.

It should be re-emphasized that number of
attributes checked requires an inference, the
inference being that Ss used the information
which was available to them. There is surely

soms inaccuracy in this measure. Though the
information was available it may not have been
noticed, or it may have been noticed and then
forgoiten.

It should also be mentioned that card choices
to the first hypothesis is to some degree posi-
tively correlated with total number of card
choices. Each time a concept was attained on
the first hypothesis, the correlation between
these measures of performance on that concept
was 1, 00,

Statistical Analysis

An individualor pair attained four concepts.
Scores on these concepts, as measured with: a
particular dependent variable, were summed
andtreated asone score. Thus, 64 scores were
involved in each analysis of variance (ANOVA),
Five such analyses of variance were computed,
one for each dependent variable. Each analysis
was a three-way ANOVA with fixed effects,
where the mean squares for three main effects,
three first order interactions, and the second
order interaction were each divided by the mean
square for Ss within groups in order to obtain
F ratios. The probability of a Type I error was
setat. 05; eifects which reached the . 01 level
of significance were indicated.




RESULTS

Results will be presented separately for the
ANOVA computed for each dependent variable.
These results will include a summary table of
the ANOVA and means of groups for which sig-
nificant differences were obtained.

Time to Criterion

The summary of the ANOVA with time to cri-
terion as the dependent variable is presented
in Table 2. Type of material was shown to be
significant at the .01 level and sequence at the
.05 level. Neither size of group nor any of the
interactions were significant. The means of
groups for which significant F ratios were ob-
tained are presented in Table 3. As can be ob-
served from this table, Ss who attained con-
cepts on the RV board took, on the average,
about 8.55 minutes more to attain the concepts
than did the Ss on the RF board.

A possible explanation for this highly sig-
nificant effect is that the information from the

TABLE 2

Summary of Analysis of Variance with Time to Criterion as the Dependent Variable

figural instances was more readily observable
thanwas the information from the verbal mater-
ial. It would seem relatively easy for Ss to
determine which attribute values appear on a
figural instance, once they had directed their
attention to the instance. For example, Ss
could glance at any part of the border on an in-
stance and determine whether the entire border
was broken or solid. Ss using the verbal ma-
terial would have to read the words printed on
a card inorder to determine the attribute values
on that in-tance, Obtaining information, en-
coding and storing this information, would all
seem to be more complicated for Ss using verbal
material. These problems in dealing with in-
formation on the verbal material may have re-
sulted in Ss taking more time to consider each
instance on the RV board. This increage in time
would take place for all those cards which Ss
examined and thenrejected as well as for those
cards which were finally selected. Thus, the
search behavior of the 8s using verbal material

Source SS df MS F
A. Size of group 86, 656. 64 1 86, 656.64 1.32
B. Type of Material 1, 052,419.52 1 1,052,419, 52 16, 02 **
C. Sequence 808, 968. 39 3 259,656.13 4.10%
AXB 877.64 1 877. 64 <1
AxXC 469, 025, 01 3 156, 341. 67 2.38
BXC 56, 800, 39 3 18,933, 46 <1
AXBXC 283,612.52 3 94,537.51 1. 44
Ss/Groups 3,153, 080,75 48 65,689.18
Total 5,911,440, 86 63

*%¥%p <, 01

*p < .05
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TABLE 3

MeanTimes Which Were Significantly Different
with Time to Criterion as the Dependent Variable

Significant Effect Group Mean Times
(in sec.)

Type of Material Figural 959. 12

Verbal 1482, 06
Sequence 1 1297, 25

2 1034.50

3 1562. 31

4 1008, 31

would appear to have taken longer, resulting
in a longer time to criterion.

Sequence was also a significant factor. It
can be observed from Table 3 that Ss attaining
concepts in sequences 1 and 3 took longer than
Ss attaining concepts in sequences 2 and 4.
The four concepis to be attained were:

A, Two Borders, Green figures

B. Broken Borders, Elliptical figures

C. Two, Circular figures

D. Small, Red figures
and thefour sequences of concepts arranged in
a Latin square were:

1. DABC

2. CBAD

3.ADCB

4. SCDA
The significant sequence effectimplies that the
order in which particular concepts were pre-
cented affected performance of Ss on those
concepts. It is very difficult to account for
this, because this experiment was not designed
to study differences between sequences and
concequently not all possible sequences were
used. Theonlyreason sequences were designed
was to counterbalance the order of presentation
of the concepts., It was not expected that there
would be any differences between sequences,
and any final explanation of these differences
must await further experimentation specifically
designed to deal with this problem. One may,
however, speculate on possible explanations.
It may be that the significance of the sequence
effect ic accounted for entirely by sequence 3
which, for some re.. - resulted in a higher
mean time to criterion . \an the other three se-
quences. Another possi ility is that concepts
B and C facilitated perfo. mance on concepts A
and D to a relatively greater degree than con-
cepts A and D facilitated performance on con-
cepts Band C. That is, sequences 2 and 4

where concepts BandC were {irst may have re-
sultedin lower mean times to criterion because

- there was relatively greater positive transfer

from the first two to the last two concepts in
sequences 2 and 4 than in 1 and 3.

These possible explanations stop short of
angwering the question of "why?" Just why
sequence 3 was associated with longer times
tocriterion or why greater positive transfer may
have occurred must remain unknown,

Iti's interesting to observe how performance
improved from the first to the fourth concegt.
Themean times to criterion for the four ordinal
positions are plotted in Figure 1. The resulting
progression of points isons which is frequently
obtainedin learning experiments where time to
criterion is ploited over a series of trials. At
first therais a sharp decrease between the first
and second ordinal positions in time taken to
attain theconcept. Decreases continue between
the second and third and the third and fourth
positions, but for each successive pai: of con-
cepts to be attained the decrement in time is
less. The changes in time taken to attain the
concepts probably reflect the Ss' familiarization
with the materials, practice on the task, and
the development of systew:atic procedures (o
gather information,
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Fig. 1. Time to Criterion as a Function of
Ordinal Position of the Concept.
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Total Number of Card Choices

The summary of the ANOVA with total number
of card choices as the dependent variable is
presented in Table 4. The main effect of size
of groupwas shown to be significant at the .01
level with the mean number of card choices for
individuals exceeding that of pairs. The other
main effects and interactions were not signifi-
cant. Pairs, on the average, made 50. 94 total
card choices; individuals, 71.44. Three rea-




TABLE 4
Summary of Analysis of Variance with Total Number of Card Choices as Dependent Variable
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Source SS df MS F
4, Size of Group 1,681, 00 1 1,681, 00 8.43 %%
B. Type of Material 252.01 1 252,01 1.26
C. Sequence 332.5¢C 3 110,83 <1
AXB 284,77 1 284,77 1.43
AXC V 839,81 3 279.94 1.40
Bx C 1,212.55 3 404,18 2.02
AXBXC 631.67 3 210,56 1,05
Ss/Groups 9,576.62 48 199.51
Total 14,810,93 63

*kp < . 01 B

sons may be postulated for this result. The
firstis thatthe pairs were in some sense work-
ing successfully as teams. If the members of
a pair had competed inmaking card choices and
one member had ignorec the information made
available by the other, it would seem likely
that pairs would have made more card choices
than individuals. This was not the case.

Secondly, it is possible that the members
of a typical pair had, between them, a superior
memory capacity when compared with the typi-
cal individual. Cahill and Hovland (1960)
have shown on a concept attainment task that
sequentially presented instances lead to poorer
performance than simuitareously presented in-
stances. The authors interpreted this result
as evidence that memory requirements in the
former treatment were greater, and that errors
in memory lead to poorer performance. Inthe
concept attainment task used for the present
study, the informationobtained by Ss from suc-
cessive selections of instances is accumulated
essentially in a sequential manner. If memory
is important to this task, it would seem reason-
able to assume that pairs would benefit from
their greater combined memory capacity. Since
the members of a pair were instructed to work
as a team and were allowed to communicate
freely, they would be able to share accumulated
information. The information on a previously
selected instance would thus have a better
chance of being recalled by one or the other of
the members of a pair than by an individual
working alone. The latter would have to make
more card choices in order to confirm informa-
tion he was unsure of or to regather forgotten
information.

The third possibility is that the pairs had
twice the chance of individuals of having a

good problem solver as one of the members of
the pair. Since no record was kept of which
member of the pair made which card choices,
this possibility can only be raised and not
examined.

Number of Card Choices to the
First Hypothesis

The summary of tie ANOVA with number of
cardchoices to the first hypothesis as the de-
pendent variable is presented in Table 5. As
isindicatedin this table, no main effect or in-
teraction was significant. While this variable
did not aidindiscriminating differences in per-
formance between treatment groups, this knowi-
edge is itself valuable. Card choices to the
first hypothesis might be construed to be a
measure of 'conservatism'' of the Sson the task.
Ss performing in a more conservative manner on
this task might tend to hoose more cards and
to reselect cards previously chosen before of-
fering an initial hypothesis. If this is true,
then the effects of size of group, type of ma-
terial, secuence, and the interactions of these
effects had no significant influenceon this kind
of conservative behavior,

Number of Hypotheses Gffered

The summary of “he ANOVA with number of
hypotheses offered as the dependent variable
is presentedin Table 6. The main effect of se-
quence was sigmficant at the .0l level, No
other main effector interaction was significant.
The mean number of hypotheses offered in the
four sequences were (1) 8.62, (2)9.56, (3)
14,69, and (4) 8.94. It can be observed that
Ss in sequence 3 offered nciably more hypothe-




TABLF 5
Summary of Analysis of Variance with Card Choices to the First [iypothesis as the Dependent Variable

-

Source ' 8S daf M8 F
A, Size of Group 226. 88 1 226. 88 1. 88
B. Type of Material 242.19 1 242,19 2.01
C. Sequence 69. 95 3 23,32 <1
AXB 358,63 | 358.63 2.98
AXC 102,20 3 34.07 <1
BX C 602. 45 3 200, 82 1.67
AXBXC 98,63 3 32.88 <1
Ss/groups 5,785,31 48 120,53
Total 7,486, 24 63

TABLE 6

Summary of Analysis of Variance with Number of Hypotheses Offered as Dependent Variable
m

Source SS df MS F
A, Size of Group 1. 41 1 1,41 “ <1
B. Type of Material .66 | . 66 <1
C. Sequence 97,45 3 32,48 5.65%%
AXB 1.13 1 1.13 <l
AXC 18,70 3 6,23 1. 08
BxC 6. 07 3 2. 02 <]
AXBXC 7.98 3 2.66 <1
Ss/Groups 275.81 48 5.75
Total 409,21 63

*%p <, 01

ses than those in the other three sequences.
This is consistent with the finding that Ss in
sequence 3 took a longer mean time to criterion
than those in the other three sequences. There
is, however, no readily available explanation
for the significant difference between sequences
when performance is measured by number of hy-
potheses offered.

The mean number of hypotheses offe:ed in
each of the four ordinal pesitions of the con=-
cepts is represented in Figure 2. The points
indicate that number of hypotheses offered is,
to some extent, a measure of the facilitation A
in performance which occurs as Ss gain practice
in attaining concepts. The magnitude of this ist ozdri‘d 1 Posftc: 4th
improvement is rather smaill, with the difference : rdinal Tosltion
in the mean number of hypotheses offered on the FIG. 2. Number of Hypotheses Offered as a
first and fourth concept being 1.6 hypotheses. Function of Ordinal Position of the Con=

cep*

2 ] | + +

Number of Hypotheses Offered
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Nitewr of Attrilates Chocked te the
First Hypothesis

The summary of the ANOVA with number of
attributes checked to the first hypothesis is
presented in Table 7. Nune of the main effects
was significant. The first order interaction of
size of group with type of material was signifi-
cant at the .01 level. None of the other inter-
actions was significant.

For three of the dependent variables con-
sidered previously (time to criterion, total num-
ber of card choices, and number of hypotheses
offered), increasing values of the variable
would appear to be associated with poorer per-
formance. For number of attributes checked,
increasing values indicated better performance.
Thus from the means of groups involved in the
interaction of size of group with type of ma-

TABLE 7

tarial (Table 8) it can bes obse ved that pairs
and individuals checked about the same num-
berof attributes to the first hypothesis on the
verbal material; pairs checked more attributes
on the figural material than they did on the
verbal material, while individuals checked
substantially fewer attributes on ths figural
material than they did on the verbal material.
Apparently the figural material had differential
effects on the performance of individuals 2s
opposed to pairs, while on the verbal material
no such offccts were manifested.

Ae is indicated in Pigure 3, number of attri-
butes checked to the first hypothesis was a
function of ordinal position of the problem. The
negatively accelerated mrogression of points
again indicates that familiarization and practice
with the materials facilitate performance.

Summary of Analysis of Variance with Number of Attributes Checked to the First Hypothesis
as Depencent Variable

Source SS df MS F
A, Size of Group 8.26 1 8. 26 2.61
B. Type of Material 1.89 | 1. 89 <1
C. Sequencs 9,78 3 3.26 1. 03
AXB 14. 06 1 14, 06 4,44%
AXC 7.08 3 2.36 <1
BXC 15.70 3 5.23 1,65
AXBXC 3.03 3 1,01 <1
S$s/Groups 152,12 48 3.17
Total 211.92 64
=
<,05
’ 3
TABLE 8 '§ 5. 00 . N
Means of Groups Involved in the Significant 6 4.75 +
Interaction of Size of Group with Type of A
Material Where Number of Attributes Checked 22 4.50 - +
to the First Hypothesis was Dependent Variable 28
,B_. £4,25 -
Group Mean ﬁ §4-00 “
6 i +
dJeb
Pairs - Figural 19,25 ,§ " 3.75 dl
Pairs - Verbal 18, 06 g‘“ 0 T T 7
28 1st  2nd 3rd 4th
Individuals - Figural 15,94 Ordinal Position
Individuals - Verbal 16.50 '

Fig. 3. Number of Attributes Checked to First
Hypothesis as a Function of Ordinal
Position of the Concept
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DISCUSSION

In the previous section, results were pre-
sented separately from the analyses of variance
computed for each of five dependent variables,
and thoseresults which were statistically sig-
nificant were discussed. To draw conclusicas
from these analyses it is necessary to consider
the effects of the independent variables across
the dependent measures.

In comparing the performance of pairs with
individuals, it was found that pairs made sig-
nificantly fewer total card choices than indi-
viduals. In addition, pairs performed as well
as individuals in terms of the other depandent
variables. These findings when considered to-
gether indicate a general superiority of pairs
over individuals. Pairs were, in effect, per-
forming as well as individuals, and doing so
with fewer card choices. A tentative explana-
tionfor this result-is that the joint memory ca-
pacity of members of a pair working as a team
was superior to that of individuals. Some ex-
perimenters (Faust, 1959; Anderson, 1961) have
suggested thzt the superior performance of
groups when compared with individuals is due
to the higher probability of having a good prob-
lem solver in the group. No attempt was made
in the present study to discover whether the
performance of a pair was actually determined
by the performance of one of its members. This
question is one which needs to be dealt with in
future research.

In this study it was found that Ss attaining
concepts on verbal material took a longer time
tocriterion than Ss working with ficural mater-
ial. Itisinteresting to note that the two groups
did not diffcr as to their total number of card
choices. Since the Ss on the verbal material
took significantly longer time to criterionto
make a sequence of card choices to attain a
concept than Ss working on the figural material,
but did not make significantlymore card choices,
it would seem reasonable to assume that the
former Ss were simply taking a longer time per
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card choice than were the latter. This would
tend to support the suggestion that information
onthe figural material was more easily gathered
than information on the verbal material.

It was illustrated that performance, as meas-
ured by time to criterion, number of hypotheses
offercu, and number of attributes checked to the
first hypothesis, was a function of the ordinal
position of the problem in the sequence. These
findings were consistent with one another; from
each it was indicated that performance tended
to improve across successive concepts. This
improvement would appear to be due to familiar-
ization with the materials and practice on the
task. Another factor which may have contributed
to the improvement across trials was that all of
the concepts used in the experiment had two
relevant attributes. As each successive con-
cept was attained, the probability of the Ss'
discovering and using this information may have
increased. Such information would substantially
decrease the number of hypotheses which were
tenable and may have tended to increase the Ss'
chances of guessing the correct one.

Sequence was a significant factor when per-
formance was measured by time to criterion and
number of hypotheses offered. It is possible
that this is due to the particular four sequences
used, resulting in differential transfer between
the problems. Several combinations of triisfer
effects may have been operating, and any one
of these combinations may have resulted in the
significant effect of sequence. Further study
designed to deal explicitly with sequence ef-
fects needs to be done before any one explana-
tion can be considered to account for the effect.

The interaction between size of group and
type of material was significant when perfor-
mance was measured by pumber of attributes
checked to the first hypothesis. In considering
this interaction, it was observed that pairs
checked more attributes than individuals on the
figural material; pairs checked fewer attributes
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on the verbal material than they did on the fig-
ural material, while individuals ch3cked more
on the verbal thanon the figural; pairs and in-
dividuals checked about the same number of

TS

attributes on the verbal material. It would ap-
pear that the figural material had differentiai
effects on pairs and individuals while the ver-
bal material did not have such effects.
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