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ABSTRACT

INDIVIDUAL AND GROUP MEMORIZATION AND

PROBLEM-SOLVING: A TEST OF THE LORGE-SOLOMON

POOLING-OF-ABILITIES MODEL

by Ronald A. Hoppe

A mathematical model was used to examine group performance

in two experiments. The model was constructed by Lorge and Solomon

and states that the probability of a group solving a problem is greater

than the probability of an individual solving a problem simply because

there are more individuals in a group. Therefore, group superiority

may occur without any facilitative effects *of group interaction.

Furthermore, the model allows for a prediction of group behavior or a

baseline against which to judge whether or not there is facilitation or

interference in group interaction.

The first experiment tested the model using as the task the recall

of nonsense words. Groups of 2, groups of 3 and individuals were given

9 recall trials on 8 nonsense words. In this experiment to apply the

Lorge-Solomon model each nonsense word was treated as a problem to

solve. The results of this experiment demonstrated that groups of 2

and groups of 3 were superior to individuals. Groups of 3 were not

quite significantly superior to groups of 2. Also, in all conditions there

was a strong serial position effect on the first trial. When this serial

position effect was taken into account the predictions of groups of 2 and

3 were quite accurate. However, the model slightly over predicted

the performance of groups of 3 which may indicate a tendency for
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interference in groups of this size. It was concluded that an explanation

of group superiority which uses the facilitative effects of groups is not

suitable since the superiority can be explained more simply by the Lorge-

Solomon model.

In the second experiment groups of 2, groups of 3 and individuals

were given a complex problem (Doodlebug problem) to solve. This prob-

lem allowed for a separation of the analysis and synthesis phases of

problem solving. The results showed groups of 3 to be superior to indie

viduals and groups of 2 in analysis, synthesis and solving of the problem.

Groups of 2 were not significantly different from individuals. The Lorge-

*Solomon model considerably over predicted the performance of groups of 2

in analysis, synthesis and solution to the Doodlebug problem. This indi-

cated the presence of interference in groups of this size. The predictions

of the performance of groups of 3 was accurate except for the synthesis

phase of problem solving. . In this phase groups of 3 performed more

poorly than predicted by the Lorge-Solomon model suggesting interference.

However, the interference was not strong enough to disrupt the prediction

of the solutions by groups of 3.

The strong interference present in groups of 2 seemed to be due

to one person, regardless of his problem solving ability, dominating the

solution to the problem. This notion was supported by comparing expected

and obtained participation values.

Again, in the second experiment there was no indication of group

facilitation. Group superiority, where it occurred, could be explained

by the Lorge-Solomon model.

In both experiments there was some indication of interference in

group performance. In the first experiment the interference was slight.

In the second experiment the interference was strqngest in groups of Z

and present somewhat in groups of 3.. .No evidence was found for group

facilitation.
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INTRODUCTION

The comparison of group and individual performance has a long

and varied history. Studies have compared group and individual per-

formance on a variety of simple and complex tasks. The present study

also compares group and individual performance, and, furthermore,

attempts to predict group performance from independent individual

performance.

- One general result when comparing groups and individuals on

problem solving ability is that the group often is superior to individuals

(Kelly and Thibaut, 1954). . In 1955,. Lorge and Solomon devised a

mathematical model to account for group superiority. The model says

that the probability of a group solving a problem is greater than the

probability of an individual solving the same problem simply because

there is a greater number of individuals Working on the problem in a

group. .When more than one person is working on a problem the prob-

ability of any one of the persons solving the problem is greater than

the probability of an individual working independently solving the problem.

This model assumes that individuals will work the same in a group as

they do individually and the group neither facilitates nor inhibits the

individual's performance. The group is superior to individuals just

because there are more individuals in the group. The model provides a

baseline for us to judge what is occurring in groups. If there is no

facilitation or inhibition, groups should perform as the model predicts.

A deviation from the prediction may indicate either facilitation or

inhibition depending on whether groups are superior or inferior to the

prediction. Therefore, the model can be used as a tool to study what

is occurring in groups.



The present thesis involves two experiments contrasting groups

and individuals. Both experiments will use the Lorge and Solomon model

to predict the group behavior. The first experiment concerns giving

groups and individuals a series of trials on a series of nonsense words

and it will be their task to recall as many words as possible. 7 From the

individual results the group results will be predicted. - A modification

of the Lorge and Solomon model is necessary so that it will apply to

recall instead of problem solving. ~This is discussed in the next chapter.

The'second experiment uses a more complex task--the Doodlebug

problem (Rokeach, 1960)--and, again the Lorge and Solomon model will

be used to predict group performance from individual performance.

The Doodlebug problem is unique because it permits a study of two

separate phases, analysis and synthesis, of the problem solving process.

. Our purpose is to try to understand by what process individual

products become group products. Is there a simple pooling which the

Lorge and Solomon model suggests, or is there facilitation or inhibition

in groups? Furthermore, perhaps pooling is an adequate explanation

for simple tasks such as recall, but is inadequate for more complex

tasks such as a difficult, unique problem-«or vice versa.

7 Before delving into the specific mathematical and psychological

theory involved in these two experiments, a review of relevant past

researchis in order. One type of early research was to compare

individual results with grouped individual results. In this case the group

was simply the grouping of individual data and was not a face to face

interacting group. .Gordon's research (1924) is an example of this.

-She correlated individuals' rankings of weights with the actual ranking

of the weights and found a mean correlation of .41. . Next, she combined

individual rankings in various size groups (ranging from 5 to 50) and

found the mean rankings for all the individuals in each of the groups.

These she correlated with the actual rankings and found that the average



correlations went as high as .94 for 50 member groups. ~ She gave this

as evidence for the superiority of group judgments. .Stroop-(l932),

however, demonstrated that Gordon was simply verifying the-Spearman-

Brown prophecy formula. . Stroop-let _<_>n_e individual rank the weights

for the same number of times as Gordon had individuals in groups.

.He obtained essentially the same results as did Gordon and concluded

that the superiority she found in groups is a statistical artifact. Johnson

(1955) and Lorge,. Fox, Davitz, and Brenner (1958) made a similar con-

clusion. -While these two early studies do not involve face to face

interacting groups, they do serve to point out the necessity of controlling

for just the additional numbers found in groups.

Watson (1928) gave individuals and groups a number of words, such

as "educators" and "neurotics" from which it was their task to‘make as

many other words as possible. His results indicated that groups produce

more words than individuals and also more than the best individuals.

However, he found that the summed words for the same number of

individuals working separately as had worked together in groups were

more than those produced by the groups. .Anderson (1961) repeated

Watson's experiment because he felt that Watson did not give his groups

enough time to allow the groups' superiority over the sum of individuals

to evidence itself. Anderson gave his groups more time and found that

the groups were not inferior to the sum of individuals. .Instead, he found

no significant difference between groups and the sum of individuals.

Watson and Anderson have controlled, experimentalll, for what
 

has become known as "pooling" by summing the results of the same

number of subjects who have worked separately on the problem. Watson

chose not to let this enter into his explanation of what may have been

occurring in the group interaction and Anderson found that his real groups

were not superior to the pooled individuals but did not suggest why they

did not differ.



The notion of pooling suggests that the group product is a result

of the pooling of the accomplishments of the individual group members.

This is in accordance with Allport's (1962) suggestion that the group

product is a product of individuals, nothing more. In the Watson (1928)

and Anderson" (1961) experiments pooling may be considered as the

summation of individual products, whereas, in problem solving (to be
 

discussed shortly) it can be considered as the bflindividual product

resulting in the group product.

Usually attached to the notion of pooling is the assumption that the

individuals working in a group setting are neither better nor worse than

they are when working alone, presuming that the group interaction neither

facilitates nor interferes with individual performance. ~ The proper experi-

mental construction of pooling has been done using artificial groups which

have been made from subjects who work separately and independently

and whose results are then combined. The same number of individual

results as there are subjects working together in a real group are com-

bined. This combination of individual results has been labelled a

"nominal group" (Faust, 1959). . Nominal groups can be used to test the

pooling notion or as a control, for if facilitative effects are occurring in

a group, then the real groups should be superior to nominal groups.

Conversely, if there is interference, the real groups should perform

more poorly than nominal groups.

The notion of pooling has had a confused history. . An attempt to

clarify the notion will be made a bit later. . Many studies have neglected

the pooling control when comparing group and individual products and

some of the experimenters who made use of the control did not interpret

their results in terms of pooling.

Unfortunately, the emphasis on group superiority has led the

researchers to explain the superiority without Worrying about by what

process the group product is derived from the individuals in the group.



In Husband's (1940) study the emphasis on group superiority has

been somewhat more fruitful. He gave pairs of subjects and single

subjects a variety of problems and found pairs to be superior to

individuals on some of the problems. Through observations of the pairs

he concludes that the superiority is due to a division of labor. Often,

each member of a pair would be working independently on part of the

task. This suggests that the group product might result from a pooling

of the individual products; however, this was not studied experimentally.

Gurnee (1937a) offers a few notions relevant to the explanation of

group products. . In one study individuals and groups judged the truth and

falsity of numerous statements. In this study the subjects judged each

statement first as individuals and then as a group. rThe group judgment,

however, was not a product involving interaction of the members since

the individuals expressed their judgments either by acclamation or by

raising their hands, rather than discussing the statement and emerging

with one agreed judgment. . He found the groups superior to the average

individual judgments and also to a pooling of the individual judgments

which were made just prior to the group judgments. Gurnee suggests

that the superiority might be due to the subjects making two responses

and the second response being more accurate than the first, but he also

feels that social stimuli had an influence and the doubtful subjects would

hold back their response just long enough to observe the dominant side

and then vote accordingly. However, Zajonc (1962a) using Gurnee‘s

(1937a) individual results and a prophecy formula similar to the Spearman-

Brown was able to predict his group results. 1 This indicates that the

social stimuli had no effect.

Thorndike (1938) performed a somewhat similar experiment but

included social interaction in the group process. He found that individual

subject's judgments improved after group discussion, but, again, just

how much the subject' 3 judgments would change due to making more



than one judgment is unknown since the proper controls were not applied

in Thorndike's experiment.

-Other studies which have involved a variety of tasks have shown a

change in individual judgment after or during group processes. .Asch

(1952) has demonstrated a change in the judgment of the length of lines;

' Sherif (1935) has shown a change using the autokinetic effect and group

judgment; Lewin (1947) has shown a change in food choices; Back (1951)

has shown a change in interpretation of pictures, and Coch and French

(1948) have shown a change in job satisfaction. These studies are

generally relevant to the understanding of group processes but are not

particularly relevant to understanding the group product in problem

solving and recall other than to point out that individuals may change

their behavior as a result of group processes.

Jenness (1932) had 4 groups of subjects make judgments of the

number of beans in a bottle. Three of the groups participated in group

discussion between the two judgments. The fourth group, a control,

merely made two judgments without discussion. In one group the judg-

ments of the individuals improved more than the control group's judg-

ments. In this group individuals were informed as to what the member's

first judgment was. The mean was used to compare the groups, so

Jenness' control group does not amount to a control for pooling, but is

a control for an "averaging" influence.

In a second study by Gurnee (1937b) individuals and groups learned

a stylus maze. ~The group members were required to vote at each turn

of the maze. Gurnee found groups to be superior to individuals. In this

study he emphasizes the "scattering of individual errors" to account for

the superiority of groups which may imply a kind of pooling in the group.

However, in a further study (Gurnee, 1939) which was very similar to

the one just mentioned, Gurnee suggests that the social rewards in the

group situation are very important. -In this study Gurnee demonstrated



that the individual members of groups learned more in the same number

of trials than did individuals who worked alone on the task. The social

rewards which Gurnee refers’to are the comments both oral and silent

made by the individuals in the groups to a vote made by another member.

Subjects might groan, nod, etc. to a vote by a member to turn the

stylus in a certain direction. These rewards, both positive and negative,

increase the learning in the group setting according to Gurnee.

In these last two studies Gurnee obtained introspective data about

the subject's motivational level and he reports no difference between

those individuals working in groups and those working as individuals.

From Gurnee's studies there are two suggestions of how the group

product is derived from the individual products. First, there is the

notion of pooling which Gurnee discussed in rather vague terms, and

secondly, there is the notion of social rewards affecting the individual

members so that they may behave differently in group situations than they

do when performing alone which would cause the individual products

available for pooling to be different.

Shaw (1932) focuses 0n explaining group superiority. She gave

"eureka" problems to groups of 4 and also to individuals. They are

labelled "eureka" problems because to each of them there is a unique

answer which seems to be one of sudden insight. A greater proportion

of the groups solved the problems within the given time limit than did

the individuals, and Shaw explained this superiority by saying that the

groups were more efficient in rejecting wrong answers than were the

individuals, but there was no explanation of how the group product results

from the individuals in the group.

Timmons' (1942) somewhat later study involves a few notions of

how individual effects might result in group products. First, he con-

sidered an averaging influence, that is, the group behaves similarly to

the average of the individuals in the group. Secondly, he considered the



majority influence, that is, the group behaves as does the majority of

its members. In his experiment he gave individuals and groups of 4

a series of parole problems. To each of the problems the group and

individuals were required to rank from best to worst a number of solu-

tions to the problems. The groups discussed the problems and the

individuals read a pamphlet about parole problems. Timmons studied

the averaging effect by averaging the results of 4 persons working as

individuals and comparing their results with the results of the real

groups. vHe found that the real groups were superior to the averaging

influence. He also examined the majority influence by'looking at the

answers of the 4 individuals who worked separately and by taking the

ranking which was selected most often by the individuals. He compared

results using the majority rankings with the groups' rankings and again

found the group superior. Finally helcombined both the averaging and

majority influences and found that the group was superior to both.

Timmons concluded that while both these influences may have been

operating in the groups, they do not explain all of the group superiority

and that "factors inherent" in the group discussion account for "much"

of the superiority of the group.

A more recent experiment by Barnlund (1959) is also directed at

studying the influence of the majority. He had two comparable lists

of multiple choice problems, one of which the subjects worked on as

individuals and the other in groups of from ‘3 to 6 members. His results

showed the groups superior to individuals in the number of problems

solved correctly. He found that the majority influence did not account

for the group superiority. In addition, he tested the superior man

notion. In his groups he found one person who was superior to the others

on the basis of the individual scores. Using this superior person's results

on the list which the members had worked as individuals, he still could

not account for the superiority of the groups. Heconcluded that group



decisions reached throughr"co-operative deliberation" were superior to

decisions made by individual members working alone and tormajority

rule. He said that this superiority was due to "psychological factors

inherent in discussion"; a conclusion very similar to the one reached

by Timmons, and one wonders what the inherent factors could be.

rShaw, (1932), Jenness (1932), 'Timmons (1942) and Barnlund (1959)

in their studies did not use a simple pooling control. Timmonsused

control groups of thesame number of individuals working on the problem

as he had individuals in interacting groups but helooked at averages and

the majority influence rather than pooling.

Perlmutter and DeMontmollin (1952) and Perlmutter (1953) have

studied group and individual recall. In the first study groups and individuals

were given 5 trials on a list of 19 nonsense words. The groups discussed

the possible words at the end of each presentation. -Perlmutter and

DeMontmollin found that the groups were superior throughout the 5 recall

trials and concluded that this superiority resulted from interaction among

the members. This interaction, , they submitted, facilitated the: individual

member's recall. They also noted that the groups exercised a critical

and evaluating functiOn similar to that which Shaw 'mentioned. In the

second study Perlmutter compared individual and group recall of meaning-

ful material. Groups recalled somewhat more correct information than

individuals. However, the difference was not significant. -On the other

hand, it was found that individuals took significantly less time to recall

the information than did the groups. - In analyzing the content Perlmutter

found very little correct information in the group's product which was

not in the individual member's product, but he did find that some correct

content which was in the individual product never found its way into the

group product. - While the group may be effective in elimination of certain

incorrect information as was found by the earlier Perlmutter and Demont-

mollin study and also Shaw's, the group may also eliminate correct

information.
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In both of the above studies the critical control for pooling is also

absent. There is no indication from the studies as to how well a group

of subjects who worked separately and independently might perform.

This is necessary to attempt to realize just what is happening in the

interacting group.

Taylor and Faust (1952) compared individuals and groups of 2 and

4 using the old game of 20 questions as the task. Groups and individuals

worked on 4 problems a day for 4 days. They found that groups of

four were superior to individuals in terms of the number of questions

asked, elapsed time to solution, and number of failures. They considered

a notion mentioned earlier-~the superior man idea--which says that a

group's product is equal to the product of the best man in the group.

While Watson's study did not support this notion, Taylor and Faust found

that groups of 4 were about the same as the best individual of the day with
 

respect to the number of questions to reach the solution. However, the

best-man of the individuals was different each day. Taylor and Faust also

neglected the crucial control for pooling, but the best man of the day

may be a little similar to the best answer to each problem--pooling--as

was mentioned earlier.

Faust (1959) in a later study used nominal groups against which he

compared real groups. He gave individuals and groups spatial and

verbal problems. From the individuals working independently on the

problems he constructed nominal groups, i. e. , he randomly placed four

individual results tOgether. If any of the 4 solved the problem within

the given time limit, he counted it as a solution for the nominal group.

The real groups were face to face groups working and discussing the

problems. The spatial problems were "eureka“ problems and his verbal

problems were anagrams. He performed his experiments twice with

the following results. In the first experiment the real groups were

significantly superior to the nominal groups on the verbal problems but



11

there were no significant differences on the spatial problems. - In the

repetition of the experiment he found no significant differences between

the real and nominal groups. -Faust recommends the use of his nominal

groups as a control for the study of individual and group comparisons.

Here is found the first recommendation for the use of a control for

pooling although Faust does not label it as such. However, he does sug-

gest that if a group has any facilitative effect it should produce something

greater than that produced by nominal groups.

Marquart (1955) constructed groups working as individuals which

were similar to Faust's nominal groups and compared their results with

real group results on the Shaw problems. She found no significant dif-

ferences between the two. By using the nominal groups--an experimental

pooling-eShaw's results can be explained.

Taylor, Berry and Block (1958) studied the effectiveness of "brain-

storming". Brainstorming involves a group consideration of a problem

in an atmosphere which is free of criticism. -Taylor e_t a}. used groups

which had frequently participated in small group discussions in the class—

room instead of using accidentally formed groups which are typical of

laboratory studies. To these groups they gave problems which had been

previously tested and found the most suitable for brainstorming according

to the criteria set by an acknowledged authority. Groups of 4 were given

these problems and were asked to find solutions. They were also

instructed in the brainstorming technique which involved an emphasis on

quantity and lack of criticism. The investigators also gave the problems

to individuals. The groups were found to be significantly superior to

individuals. From the individual results nominal groups were constructed

and a comparison of these nominal groups with real groups demonstrated

that the nominal groups were superior in the total number of ideas pro-

duced, number of unique ideas produced and the quality of ideas. Taylor

_e_t_ a_l. concluded that brainstorming inhibits rather than facilitates

problem solving of this nature.
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In the studies which have used nominal groups with which to com-

pare real groups the focus has been superiority and efficiency and not

primarily upon how the group product is derived from individual

products. Those studies generally point out that the group is the same

or less efficient than the same number of individuals working separately,

that is, the same or more can be obtained from persons working inde-

pendently on a task than if the same persons were to work together on

the task. While this is supported by the data and an interesting consider-

ation, the primary problem of this paper is how the group product is

obtained from individual products. The studies in which the nominal

groups perform the 3331s as real groups suggest that the group product

derives from a pooling of individual products without group interaction

having either facilitative or inhibiting effects.

Various conclusions have been drawn by reviewers from an exami-

nation of the research on group and individual problem solving. 'One

aspect which is generally agreed on is that the task which is presented

the subjects has an important effect on the results (Duncan, 1959;

Johnson, 1955; Kelly and Thibaut, 1954; and Lorge e_t a_1. , 1958).

How the individual products become group products, the efficiency of

group performance, and the influence of the group on the individual all

depend upon the particular task used in the research.

Most of the research with group and individual performance has

made use of laboratory groups. Lorge gt a}. point out the danger in

generalizing from results using these "ad hoc" groups. Performance in

a group which has been brought together for the goals of the experimenter

may be expected to differ from performance in a group which has been

formed for the accomplishment of mutual goals. While this danger clearly

exists, Johnson (1955) points to the dependability of the studies done in

the laboratory where the relevant variables can be controlled.
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Another general conclusion reached by reviewers is that of

superiority of average group performance over average individual per-

formance. However, just what may be considered superiority must

be examined closely. When such things as average time to solution of

a complex problem orthe average number of errors per trial are con-

sidered, the group is superior to the individual (Shaw, 1932; Gurnee,

1937b; Perlmutter and DeMontmollin, 1952). But when considering

efficiency in man-hours expended, individuals are superior to groups

(Husband, 1940; Taylor and Faust, 1952). Also, when real groups are

compared to nominal groups there may be no difference, the nominal

groups may be superior, or in one case the real group was superior

(Watson, 1928; Taylor et a_._l., 1958; Marquart, 1955; Faust, 1959).

As Kelly and Thibaut (1954) have pointed out, the older analyses

of group problem solving processes have considered the group process

analogous to the individual problem solving process (Dashiell, 1935;

Bales, 1950), that is, the group proceeds through various phases such

as, orientation, evaluation, etc. as does the individual solver. The

emphasis on this analogy has led to the comparison between average

group performance and average individual performance which has to

some extent led further to-a confusion as to what may be occurring in

groups during either problem solving or learning. -This, to some degree,

may have influencedrBarnlund (1959) in concluding that the superiority

of groups in solving problems was due to "psychological factors inherent"

in group discussion. -Also, in group recall an analogy to individual

performance may have resulted in‘Perlmutter and DeMontmollin conclud-

ing that the superiority of the group was due to facilitative effects of

interaction in the group.

Furthermore, this analogy may have led Kelly and Thibaut (1954)

to emphasize the uniqueness of group products, unique in the sense that

they are different from individual products. It might be well to look into
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what they have to suggest about group products, even though their under-

standing of pooling is different from the author's. They take up the

matter of how individual products become group products, but what they

consider the pooling of individual accomplishments is what Timmons

(1942) considered the averaging influence. ~ Kelly and Thibaut (1954,

p. .741) have this to suggest.

The question . . . arises as to what accounts for the unique

properties of group solutions as compared with pooled individual

solutions. » There are two logical possibilities, not mutually

exclusive, either or both of which can account for this uniqueness.

As a result of the group problem-solving situation and the inter-

action process involved, (1) the individual solutions available

for poolinLor combination differ from the individual solutions

derived under conditions of independent problem solving, and/or

A (2) the individual solutions are combined or assembled in a manner

not reproducible by simple averaging, use of majority vote, or

similar methods.

 

 

 

(The emphasis is theirs.) They amplify what they mean under (1) above

by suggesting that a change in individual solutions may come about by

"modifications produced by direct social influence. " By this is meant

that a member in a group may, under social pressure from other members,

accept a solution of another member or may attend to a specific line of

thought suggested by another member. This may force the first member

into considering a kind of solution that he would not have considered had he been

working independently on the problem. .Another factor=whic1iKelly andiThibaut

feel may cause the modification of individual solutions is the ”social

context" of individual problem solving. They feel that simply working

in a group without any direct pressure being applied may raise the moti-

vation level of the individual members so that they will perform differently

than they would‘working alone. Another alternative which they do not

emphasize is that social interaction might _l_o_w_e_£ the motivational level.

One member might become bored with other members socializing and

simply not participate in the problem solving. In (2) above ‘Kelly and
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Thibaut suggest that the process of translating individual products to

group products may not follow any simple procedure.

Allport (1924) has discussed some of the earlier research which

studied the effect on individual performance of having others working

on the same task. His classic concept of "social facilitation" arose from

his own and others' experiments in which a number of subjects worked on

a variety of tasks individually but in each others presence. These,

however, are not interacting, co-operative groups of the kind we have

been discussing. He found that for simpler tasks, e. g. , multiplication,

there was an increase in the output of an individual when working in the

presence of others working on the same task. .Allport also reports an

experiment by Meumann (1914). Meumann read aloud a list of words to

children and it was their task to recall as many as they could immediately

after his reading. -He found social facilitation with younger children,

but none with older children. Recently, Allport (1962) has presented his

current theoretical notions on these ”co-acting" groups. He suggests

that there is an increase in the motivation of individuals who are working

in co-acting groups because they are concerned lest they "fall behind" or

"fail to measure up to their own or others expectations. " Whether or not

this same facilitative effect occurs on individuals when they are part of

an interacting co-operative group cannot be ascertained from the experi-

ments with co-acting groups, but these experiments are of interest in

understanding what effect just having other individuals around might have

on a person. A direct determination of a facilitative effect in a co-

operative rather than co-acting group is difficult because the group product

is a result of the efforts of more than one individual and no measures of

pure individual products are usually available. An exception to this is

found in Zajonc's (1962b) study. He instructed individuals to work to-

gether for a group goal but also had measures of how each individual

performed. The measure of group and individual performance was
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reaction time. - Zajonc found that reaction time was facilitated in a co—

operative group setting. However, it is difficult to know whether‘Zajonc

actually had co-operative groups even though he instructed the group

members to co-operate. This is because the group members received

knowledge of the other members' performance, and the group setting

may actually have been competitive rather than co-operative.

-Kelly and Thibaut (1954) review Allport's earlier work and succeed-

ing work of other researchers and have reached the following conclusions

about working in the presence of others who are working on the same task

or working with an audience:

(a) Greater quantity of work where physical output is

involved, suggesting increased motivation to perform the task.

(b) Lesser quantity or quality of work where intellectual

processes or concentration are involved, suggesting that social

stimuli are able to compete successfully with the task stimuli.

(c) Inhibitions of responses and qualitative changes in the

work, which suggests that the person somehow “takes account" of

the others as he goes about his work, e.g. , he has fewer idio-

syncratic thoughts, exercises moderation in judgment, and gives

more pOpular or common associations.

(d) Greater variations through time in his output, indicating

the presence of periodic distractions and/or the effects of work-

ing under greater tension. .

(e) There is some evidence that these effects wear off as

the person adapts to the social situation.

At another time Thibaut and Kelly (1959) take up facilitation and

interference in the"'dyadic" relationship. In discussing interference,

which they.emphasize, they suggest that one person's behavior may elicit

behavior in another which is incompatible with the first person's thereby,

resulting in interference. - Furthermore, both persons may interfere

with each other. However, their conception of interference is somewhat

vague. They suggest that interference may result in responses being

performed less well, but also admit the possibility that "interference

may not affect or may even improve the quality of performance. " Here

they are considering relatively simple and easy to perform tasks, and
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from their further elucidation they imply that the beneficial aspects

of interference are caused by a member of a dyad changing sets which he

would not do had he been performing independently. They also suggest

that interaction may result in facilitation. This can occur when one

member performs in such a way as to reward another person's behavior.

This is reminiscent of Gurnee's (1939) social.rewards.

From the preceding discussions it can be seen that certainty in the

area of group products is not the case. Just how the group product is

derived from the individual product is still a mystery. If it results from

a pooling of individual accomplishments, first, the meaning of pooling

is not agreed upon, and secondly, that which individuals produce in a

group situation, the raw material for pooling, may be quite different

than in an individual situation due to either facilitation or inhibition, or

both. ~ Another unanswered question is what is the cause of group

superiority over individual performance when it exists? Is it simply

pooling, is it pooling plus facilitation, or could it even be pooling plus

inhibition? In the next chapter when the theoretical aspects are discussed

more specifically it is hoped that the above questions will be somewhat

clarified.



THEORY

Ekman (1955) and Lorge and Solomon (1955) have helped clarify

the theoretical aspects of group products. Ekman differentiates four

effects of co—operation in a group. The first effect which he mentions

is "the individual effect" which says that an individual's behavior may

be either facilitated or inhibited by the presence of others. This is

similar to Kelly and Thibaut's notion which was mentioned earlier.

The second effect, Ekman labelled as "the summation effect" and in this

case the group product is merely the sign of the individual products.

Watson’s (1928) and Anderson's (1961) data were suggestive of this effect.

The third effect is that of averaging which relates to the studies of

Sherif (1935) and Timmons (1942). Eknoan indicates that this can happen

in the following situations: "When school marks, obtained from different

teachers, are combined. 1 Or when the decision of a committee is a com-

promise (not a majority decision) of the members' individual opinions--

or when the same kind of decision is taken in the family. " This is similar

to what Kelly and Thibaut (1954) have said is pooling. The fourth effect

is labelled ”the probability effect" which says that in problem solving a

group has a greater probability of producing a solution than does one

individual simply because there are more persons working on the problem.

This was illustrated previously in the studies of problem solving which

used experimental controls for pooling in the form of nominal groups.

AEkrnan's four effects summarize for the most part the theoretical ques-

tions raised by the studies of group products as they are derived from

individual products.

The "summation effect" and the ”probability effect" can both be

considered examples of pooling, that is, the individual abilities may be

18
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pooled in a group to produce a longer list of words than produced by one

individual working separately, or the abilities of the individual members

of a group may be pooled so that there is a greater probability of a

group solving the problem than anindividual. The difference between

the ."summation effect" and the"'probability effect" has to do with the

difference in the tasks--the former relating to tasks involving parts which

can be added, and the latter involving problem solving. -Shortly, when it

is shown how a pooling model can apply to recall and to problem solving

the similarity between the summation and probability effects will be more

clear.

In reaction to Shaw's experiment (1932, described earlier) Lorge

and Solomon (1955) developed a mathematical model of group problem

solving which was quite similar to Ekman's fourth effect, the probability

effect. Like Ekman, their model states that the probability that at least

one of the group members arriving at a solution is greater than the prob-—

ability of success of one individual. AThe probability is greater because

of the sheer number of individuals being lumped together and not because

of any facilitative effects of the group situation. Let Pi be the probability

that an individual will solve the problem within a given time. . The (l — Pi)

is the probability that an individual will not arrive at the solution. If k

individuals are working on the problem together, but each has the prob-

ability, Pi, of solving and the probabilities are independent, then the

probability that none of them solves is (l - Pi)k. Therefore, the prob-

ability of the group arriving at the solution, P is equal to l - (l - Pi)k.

This model suggests no facilitative aspects of ihe groups, but merely

represents the pooling of ability of the members. They applied their

model to the Shaw data and, in most cases, were able to explain the

group's superiority as due to the pooling of individual abilities. It appears

as if Marquart and Faust in their construction of "nominal" groups did

experimentally what Lorge and Solomon do mathematically.
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From ‘Lorge and Solomon's particular application one can suppose

a general explanation for group superiority, that of a pooling of abilities.

. While it is not supposed that this rather simple notion can account for

all group products, it seems a sensible place to start. Restle (1961)

suggests the use of a pooling of abilities notion as an aid in identification

of facilitative or interfering factors if they exist. These kinds of variables

can be introduced "only as they are shown to push group attainment away

from what would otherwise be predicted" on the basis of a pooling of

abilities. ~Davis (1961) found that groups did not perform as well as was

predicted by the Lorge and Solomon model. Davis used problems which

involved stages to solution, and he found that what seemed to be occurring

during group problem solving was that certain members would arrive at a

solution which was incorrect but was satisfying enough for the member

and the rest of the group so that they spent some time on this wrong

answer. .Since Davis' results were in terms of time to solution, this

threw off the prediction based on a pooling model. However, he was able

to take into account, mathematically, this interference and predicted the

group results.

The first experiment of this thesis tests the Lorge and Solomon

model in a group and individual recall setting similar to that of Perlmutter

and DeMontmollin. Our reason for doing this replication is that Perl-

mutter and DeMontmollin did not present enough data to allow for a pre-

cise test of the pooling model, they did not test a sufficiently large

number of groups, and from their description of their procedure, it was

difficult to determine exactly what their method was. . As was mentioned

before, they gave alist of nonsense words to groups and individuals for

five trials and the task was to recall as many words as possible at the

end of each trial. The groups were superior throughout the five trials,

and Perlmutter and DeMontmollin explained this superiority as being due

to the facilitative effects of group discussion. Our first experiment differs



21

from Perlmutter and‘DeMontmollin's in that (a) the number of words to

be recalled .has been reduced from 19 to 8; (b) both individual and

groups have been given 9‘instead of 5 trials; (c) more individuals and

groups have been tested than did Perlmutter and DeMontmollin;

(d) groups of 2 members and 3 members have been testedinstead of

just using 3 member groups.

The second part of the thesis involves an experiment studying

group and individual solutions to the Denny Doodlebug problem (Rokeach,

1960). . The use of a pooling of abilities notion may be sufficient to

explain the results of group superiority in a simple task such as the learn-

ing of nonsense words, but it might be said that the task is such that

rather complex cognitive functions are not involved and facilitation or

interference due to interaction in a group did not get a chance to be

demonstrated, whereas, ina more complex task they can be demonstrated.

Using the Doodlebug problem allows for a test of the model in a more

complex situation. A further advantage of the Doodlebug problem is that

it allows for a separation of two phases of problem solving, analysis

and synthesis (Rokeach, 1960). If there is evidence for either facilitation

or interference in the problem. solving as a whole, being able to isolate

the two phases enables us to locate just where the facilitation or inter-

ference is occurring. We will be able to determine whether or not

facilitation or interference is occurring in analysis or synthesis or both.

This will provide us with moresinformation to explain the results of the

problem solving process as a whole.

rConsidering group recall (the first experiment) the notion of pooling

of abilities might apply to‘Perlmutter‘and DeMontmollin's results in a

way similar to Lorge and Solomon's application toShaw's results. While

the group remembered more nonsense words on each trial than did the

individual, the group results may have been a pooling of words remembered

by each of the members, and not attributable to any further facilitation

from the group (a kind of summation effect).
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To apply theLorge and'Solomon model to group recall, the follow-

ing consideration must be made. Treat the probability of recalling a

previously seen nonsense word within a given time just as 'Lorge and

Solomon treat the probability of solving a problem within agiven time.

.Let Pi = the probabilitythat an individual will recall a given-word.

Then the probability of a group, Pg, of size k of recalling the word would

equal 1 - (l -‘P-i)k.

To predict Perlmutter and DeMontmollin's results directly from

this model it would be necessary to knowthe individual and group results

of recalling each of the words in thelist, but these datauwere'not avail-

able. However, a prediction of their results is possible if it is assumed

that each of the words in the list has an equal probability of being

remembered. - Making this assumption, the proportion of the entire list

recalled by the group, Ptg' can be estimated from the proportion of

the entire list recalled by individuals, P

Pt

ti’ by the following formula:

g = l - ( l - Pti)k. It follows that the predicted group mean, G; is

found by multiplying Ptg by the number of words on the list.

. Using the formula mentioned above, Perlmutter and De’Montmollin's

group results were predicted. - Only a part of their results was used

since they had the following balanced design: two groups of subjects were

tested both-as groups and individuals. Group A was given 5 recall trials

as individuals on alist of 19 nonsense words, paralogs, and then 5

recall trials as groups on a different, but comparable list. Group “B was

given alist to recall as a group followed by another to recall as indi-

viduals. - The individual results of Group. A were used to predict the

group results of Group ‘B. Table 2. 1 describes the predicted and obtained

means for each trial. It can be seen that the obtained and predicted

results are quite close.

The Doodlebug problem involves an insect named Joe Doodlebug

who operates under some rather strange conditions. ~Subjects given the
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Table 2. l. Obtained and Predicted Means of Perlmutter and

  

 

DeMontmollin

‘ Individual Obtained Predicted

Trial means group means group means

1. 2. 3 5. 5 6. l

2 5 . 4 10. 2 12. 0

3 7. 7 l4. 8 15. 0

4 . 9. 7 l7 . 3 16. 8

5 . l 1. 4 18 . 2 17 . 8
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Doodlebug problem are required to describe how Joe can get to some

food placed near ‘him. There are a number of things which‘Joe can

and cannot do, for example, he may jump in only four different directions,

north, south, east and west; once he starts in any direction he must

jump four times in that direction before he can switch to‘another direction;

a and various other conditions. -Rokeach indicates that there are three

beliefs which the subject must overcome before he can solve the problem:

1. The facing belief. In everyday life we have to face

the food we are about to eat. - But Joe does not have to face the

food-in order to eat it. ‘He can land on top of it.

2.. The direction belief. . In everyday life we cantchange

direction at will. But Joe is not able to do so because he is

forever trapped facing north. Thus, the only way Joe can change

direction is by jumping sideways and backwards.

3.. The movement belief. . When we wish to change direction

in everyday life there is nothing to step us from doing so im-

mediately. . But Joe's freedom of movement is restricted by the

fact that once he moves in a particular direction--north, south,

east or west--he has to continue four times in this direction

before he canchange it. Thus, when Joe stops. . . . he may

have stopped in the middle of a sequence of jumps. . . .- Many

subjects have difficulty because they assume that Joe is at the

end rather than possibly in the middle of a sequence.

 

 

Rokeach describes the phases in the solution to the problem. -First,

there is the analm'c phase which involves changing each of the three

beliefs mentioned above. Asubject must discard his currently held

beliefs and replace them with the new ones. This, however, is not enough

to solvethe problem for then the subject must integrate thethree beliefs

into a newsystem. This phase of the solution is considered the synthesizing
 

phase. ~ The subject is encouraged to think out loud while-he is working

on the problem and from his spontaneous comments and his questions to

the experimenter it is possible to determine the time taken to overcome

each of the three beliefs. These three times can be used as an indication

of the subject'sanalyzing ability.
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“Rokeach (1960) mentions that it is difficult to determine exactly when

the synthesizing phase of the solution begins. -The subject must have m-

_th_i1_ig before he can start to synthesize it. .It is likely that both the analysis

and synthesis phase overlap‘one another, but since the total time to solu-

tion is known, it is possible to determine three synthesizing times by

subtraction. The time to solve the problem after each of the three beliefs

are overcome can be used as three measures of synthesis.

-Using this problem in the study of group and individual problem solv-

ingallows for an isolation of the processes of analysis and synthesis by

groups and individuals. The pooling of abilities model can, then, be

applied to each of these two phases of problem solving. The Large and

Solomon model when applied toShaw's problems predicted the proportion

of groups solving a problem within the time limit of the problem

P8 = l - (l --P1)k. - Similarly, the proportion of groups solving within,

say 5,. 10, 15, 20, 25, 30, 35, and 40 minutes can be predicted. -And, in

a like fashion, the proportion of groups overcoming one belief within 5,

10, etc. minutes can be predicted. Each of the beliefs can be examined

in this way, and this is a prediction of analysis by groups based on the

analysis by individuals.

- The prediction of synthesis by groups can be done in a similar

fashion as the prediction of groups solving by the end of each of the times

mentioned above. - However, instead of predicting the proportion of

groups who solved within 5*minutes from the start of the problem, the

proportion of groups who solved within 5 minutes from the time they over-

came a belief can be predicted. -This prediction is based on the proportion

of individuals who solved the problem in the first 5 minutes after over-

coming: a belief--using the same formula mentioned earlier. .Predictions

using each of the three measures of synthesis can be made.

. It must be noted that the Doodlebug problem is a very difficult

problem, a and if subjects attempt to solve without being able to question
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an experimenter and without an experimenter repelling wrong solutions

a very low percentage are successful. Marr (1961) reports that only

. 5 percent are able to solve under these conditions. . In giving the Doodle-

bug problem to groups and individuals an-experimenter must be present.

~ This is a limiting factor-in the study of group problem solving because

the group-is not allowed to operate in as free a situation as would be

desirable. . Many of the other studies did not have this limitation (e. g.

.Shaw, 1932; Marquart, 1955; Faust, 1959;. Davis, 1961). .However, the

advantage of being able to study the processes of analysis and synthesis

makes using the Doodlebug problem worthwhile, so long as we are aware

of what the presence of an experimenter might produce. In Davis' study

(1961) he found that the groups did more poorly than a pooling of abilities

model predicted, and it appeared to be due to a group member mislead-

ing the group for sometime with a wrong answer. — Restle and'Davis'

(1961) have pointed out that if an experimenter is present to reject wrong

answers, this kind of interference is unlikely to occur and the predictions

based on a pooling of abilities model are likely to be more accurate.

Because interference is kept at a minimum by this technique, facilitation,

if present, would be more likely to evidence itself.

.If facilitation does occur, using the Doodlebug problem enables

a determination of where the facilitation occurred. If groups do better

than predicted by the pooling of abilities model, the next question which

can be examined is whether this superiority is in analysis, synthesis or

both. Similarly, if the groups do worse than the pooling model predicts,

an examination of the two phases of the problem solving process will

locate where the group performs worse than expected by the pooling model.

To study the effect of group size, groups of 2 and 3 were tested.

It would have been desirable also/to have had groups of larger size.

However, obtaining subjects for these groups presented a difficult

problem. Sophomore college students have a tendency to forget some of
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their appointments and the chance of. one subject in four or five not

- attending is fairly large so it was decided to use only groups of 2 and 3.

1 Therefore, theconditions in both tasks were (a) 1 person present,

. (b) 2 persons present, and (c) 3 persons present which yields continuity

of the increasein group size and allows for the study of the effect of

group size. Taylor andFaust (1952) in their‘study, which was mentioned

earlier, found groups of 4 significantly superior to groups of 2 and

individuals; however, the groups of 2 were not significantly superior to

individuals. -Whether or not the lack of superiority of groups of 2 over

individuals on Taylor and‘Faust's task was due to an insufficient sample,

a sampling error, or was due totsomething particular to groups of 2 is

unknown. In the two experiments of this the sis we will follow the adage

that two heads are better than one and predict that as group-size in-

creases performance will be superior.

To briefly summarize the two experiments, experiment I involves

giving groups of 2 and 3 and individuals a list of nonsense words tolearn.

~ The group learning will be predicted using the~ Lorge and Solomon pooling

of abilities model. ~Experiment II involves giving acomplex problem to

groups of 2 and 3 and individuals. Theproblem used is one in which

the analytic and synthesizing phases of problem. solving can be measured.

. The group solutions, analysis and. synthesis,will be predicted using the

‘Lorge‘and Solomon pooling of abilities model. .In both experiments the

hypotheses are as follows. The larger thenumber of persons working

on the tasks the better the performance will be. The other hypotheses

are the null hypotheses, that is, the obtained group results are hypothe-

sized as not differing significantly from group results which have been

predicted on the basis of the Lorge and Solomon model. - These hypotheses

suggest that nothing either facilitating or interfering is occurring in

the group process.
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EXPERIMENT I
 

Subjects

The‘Ss were 125 voluntary, introductory psychology and educational

psychology students. . Sixty-five of the 88 were tested in the fall of 1960

and the remaining 60‘were tested in the summerof 1961. . Fifty-one of

'the-Ss were tested in 17 ad hoc groups of 3, 34 in 17 ad hoc groups of 2,

and 40 individually. , The‘Ss participated in the experiment by signing

their name to a sign-up sheet which was either posted on'a bulletin board

near the introductory. classes or passed around the classroom by the

instructor. .At each experimental time there were 3 spaces available for

subjects to- sign. ..If 3 subjects volunteered for and attended an experi-

mental session, they were tested as agroup of 3. - If 2 $8 attended they

were tested as a group of 2, andif 1 person attended he was tested

individually. This type of assignment of 88 while not random did not con-

tain any systematic bias and allowed for a. complete utilization of the 53

who attended the'experimental session. . Forty-five males and 73 females

served as 88, but each group contained only members of the same sex.

, Apparatus

-' Presentation board. A 20" x 4" x 2" board in which 8 slots were
 

cut to holdthe cards onwhich the nonsense words were written. .A piece

of 1/4" plywood was attached to the bottom of this board on which

(numerals were painted opposite the slots in the 20" x 4" x 2" board so

that an easy selection of the cards was possible. .At right angles to the

1/4" board was a 20" x 6" x 1" board on which there was a small ledge

where the cards were placed by E during their presentation.

28
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‘-Recordingdevice. . A desk calender stand whichcontained a blank

pad of paper and allowed foreasy turning of the pages.

Procedure

'The‘S or group of Se sat at a tablefacingE and the presentation

board. In front of S and in front of the groups on the table was a record-

ing device. . In3 member groups the person who happened to sit in the

middle was chosen by E as the recorder for the group, and in 2 .member

groups the person who sat to E's left was chosen as the recorder for the

group.

Thefollowing instructions were given individuals by E: "The purpose

of this experiment is to see if you can learn a list of 8 two-syllable non-

sense words working alone. It is necessary that you make the maximum

effort to remember the words as quickly as possible, the order with

which you remember is not important. This is hOW'We shall proceed.

. I will present alist a first time, each word writtenon a card at a regular

rhythm. When all the words have been presented, I will say 'Go, ' and you

are to write on the paper before you the first word in the list that comes

to your mind. -It can occur that you remember a word but you are not

certain of it, and think of another spelling. -In this case, cross out the

first word, and writebelow it the one you believe to be better until you

reach ascertain degree of agreement with yourself. - Make certain that

you flip the page before you write a new word. Only one word which is

not crossed out per page is allowed. . Do not turn the pages back once

you have flipped them. You will be given 2 minutes to recall the words.

At the end of this period I will say 'Okay, ' and I will tell you tomark a

large X on the next blank page and turn it over, and then we will proceed

to the next trial and so on. Any questions?"

The following instructions were given the groups: “The purpose of

this experiment is to find how you are going to learn a list of 8
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two-syllable nonsense words, working as a group. - Your individual

results are not of interest, but the product of your collaboration is

of primary importance. . It is necessary to make the maximum effort

to retain all the words'as quickly. as possible. The order in which you

recall them is of no importance. - This is how we shall proceed.

. I will present the list to you the first time, each word written on arcard,

presented separately and regularly. - When all the words have been

presented, I will say 'Go. " If one of you remembers a word he tells

the person who is sitting in the centers (or on the right in the case of 2

member groups) and he writes the word on the paper infront of you,

and the other person(s) as well as the one who gave the original should

discuss this and otherpossible forms of the word until accord is reached.

You should express your opinion as to the exact form of the word. - Only

one word may be adopted to represent the group. . Cross out the words

which you do not want. ~Unanimous agreement is not necessary. -It is

necessary that you all contribute; the, order with which you intervene

does not matter. ~When you have reached a decision as a group, flip the

page on which that word is written before passing on to the next word.

- Once you have turned the page do not go back. You will be given two

minutes in which to recall the words. - At the end of that time I will

say 'Okay, ' and will tell you tomarkalarge X on the next blank page

and turntit over, and then we will proceed to the next trial and so on.

Any questions ? "

Occasionally a group-asked if they could divide the task with each

member taking acertain proportion of the words. - To this E replied,

"No," and that this would give results of 3 individuals instead of group

results, and the experiment was concerned with group results.

E observed no apparent division of the task.

.After theinstructions were read, both individuals and groups were

presented the stimuli in prearranged random orders. The stimuli,
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constructed by combining 3 -letternonsense syllables from~ Hilgard's

(1951) list, were: ‘ BEMAW, HETIG, , JALOB, KUQOM,- LIPUF,1MUWIY,

.SOHUJ, and‘AZADEC.

, Groups and individuals were given 9 trials with-each of the above

words presented once each trial. - The words‘were presented in .adif-

ferent random order each trial and, furthermore, the trial by trial order

of the orders was randomized across individuals and groups. - Eachword

was presented for 5 seconds followed by as second interval in which no

sword was present. -After the last word‘had been presented theSs were

given 2 minutes in which to recall the words. At the endof the ninth trial

the Ss were told that the experimental session was concluded and the

research was briefly explained.

, EXPERIMENT II
 

Subjects

The 53 were 146 voluntary introductory psychology and educational

psychology students, 80 of whom were tested in the winter of 1960-61

and the remaining 66 were tested in the summer of 1961. -Forty-one

subjects were tested as individuals, 48in 24 groups of 2 and 57 in 19

groups of 3. - The'Ss volunteered for this experiment in the same way, as

they did in-Experiment I, and, also, like Experiment I, , they were tested

as individuals, groups of 2 or 3 depending upon the number of subjects

who attended the session. 1 Sixty-six. males and 80 females served as

subjects, but eachgroup contained only members of the same sex.

The-Ss entered the experimental room and sat at a table facingE.

The table was bare except for scratch paper.

~ The individuals were given the following instructions by’Ez-i "This is

an experiment in problem solving. You'll be given one problem to solve.

The problem is not a. simple one but the solution can be reached by good

logical analysis. rHere is the problem. Read-it over carefully. "
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At this point acopy of the-Doodlebug problem (see the next page) was

given the ‘ Ss . -

then the individual indicated he had finished reading the problem,

he was told by E: "I'd like toask you to think out- loud as you work the

problem so I can let you know whetheryou are correct or not. , You may

. ask me questions as you go-along and you may referto the problem at

any time. You may use the scratch paper inany way you wish. Now,

let's read the problem over together. " 'E read aloud the problem while

S followed on his copy of the problem. This was followed by E saying

that they could begin.

. The groups of 2 and-3 were given the following instructions: ' "This

is an experiment in group problemsso1ving. You'll be given one problem

to solve. , The problem is not a simple one but the solution can be

' reached by goodlogical analysis. VHere is the problem. Read it over

carefully. "

At this point’the groups were given the same problem as individuals

and when they indicated they had finished reading the problem, E pro-

ceeded: ‘ "You are to work onthe problem together and arrive at a group

solution. You may talk as much as you want. In fact, it would be to

your advantage to discuss the problem and your ideas on its solution.

You may ask me questions as you go along and you may refer to the

problem at any time. You may use the scratchpaper in any way you

wish. .Now let's read the problem over together. " E read aloud the

problem as he did with-individuals and then the group was told to begin.

. Both groups and individuals were given 40 minutes to solve the

problem and E recorded the time each belief was overcome and who in

the groups overcame it. -At the end of 40 minutes the individual or group

was stopped if they had not solved and the research was explained and then

the 88 were dismissed.



33

THE .DOODLEBUG PROBLEM

THE CONDITIONS:

Joe-Doodlebug is a strange sort of imaginary bug. 'He can and

cannot do the following things:

l.~ He can jump in only four different directions; north, south,

east and west. , He cannot jump diagonally (e. g. southwest,

northwest, etc. ).

2.- Once he starts in any direction, that is north, south, east or

west, he must jump four times in that same direction before

he can switch to another direction. '

3. He can only'jump, not crawl, fly, or walk.

4.-He can jump very large distances or very small distances,

but not less than one inch per jump.

5. Joe cannot turn around.

THE SITUATION:

Joe has been jumping all over-the place getting some exercise

when his master places 'a pile of food three feet directly west of him.

- Joe‘notices that the pile of food-is allittlerlarger than he. .As soon as

Joe sees all this food he stops dead in his tracks facing north. .After

all his exercise ‘Joe is very hungry and wants to get to the food as quickly

as he possibly can. - Joe examines the-situation and then says, "Darn it,

1 I'll have to jump four times to get the food. "

THE PROBLEM:

Joe Doodlebug was a. smart bug and he was dead right in his con-

clusion. Why do you suppose ‘Joe Doddlebug had to take four jumps no

more and no less, to reach thefood?
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During the solution of the problem E was present and answered

questions. -E answered questions by referring to the appropriate con-

. ditions or statement in the problem when it was applicable which was

the case for the majority of the questions. .Wrong solutions to the prob-

lem were rejected also by referring to thewappropriate part of the

problem. At times S would-ask a question which concerned one of the

beliefs involved in the problem, such as, "Can Joe jump sideways?"

‘In this case E replied in the affirmative, e. g. ,- "Yes, Joe can jump

sideways as well as backwards and forwards" and recorded the time

when the question was asked as the time of overcoming the belief. Other

questions were of a procedural sort such as, "Is Joe on a flat surface?"

or‘ "Is there a wall betweenJoe and the food?" which were answered

appropriately by E.

a The procedure followed in this experiment differed somewhat from

the usual administration of the-Doodlebug problem (see‘Rokeach, 1960)

in which hints are given at variously spaced intervals. The hints are

statements which allow the S to overcome each of the beliefs if he has

not already done so, e.g. "Joe can jump sideways as well as backwards

and forwards. " These hints were not given in the present experiment

because it would have involvedan arbitrary cut off of the analysis process.

- Even though the analysis process could be studied up until the time the

hints stop it, the analysis process involved in the solution of the problem

would bearbitrarily stopped at the same time for groups and individuals,

thereby confounding any facilitation or interference in relation to solu-

tion time. Another problem, however, is if the hints are not given, all

the subjects will not overcome all the beliefs which limits the study of

synthesis to only the Ss who overcame the beliefs.



RESULTS

' Experiment I
 

Obtained Recall Results.

The first results to be examined are the obtained differences

between groups and between groups and individuals. - To be able to

interpret the obtained mean differences properly the variances of the
 

groups and individuals must first be considered. - The variance for

each condition for all 9 trials can be seen by referring to table 4. 1.

Using the Hartley F-max test for homogeneity of variance’ (Walker

and Lev, 1953) the variance of individuals was compared with that of

groups of 3. The resulting F-ratio of 3.192, with k = 3 and n varying

from 17 to 40, was significant, p < .05 for the smallest n. Therefore,

the next step was to apply Bartlett's test for homogeneity of variance

(Walker and Lev, 1953). This resulted in a B = 9.052, df = 2, p < .02.

From these two tests the null hypothesis of homogeneity of variance

can be rejected. A further comparison of the differences between each

of the variances was made using the F-ratio test (Walker and Lev, 1953).

These results are also in table 4.1.

The differences in the variance for all trials was either significant

or approached signifiCance at the . 05 level and it was tempting to believe

that the larger group size produced less variance, but a closer exami-

nation of the variances was made“. This is presented in table 4. 2.

An inspection of this table indicates that the overall significant differences

probably resulted from the differences in the later trials, and this is

probably because the ceiling of 8 correct words per trial was approached

soonest and more often by the groups of 3 and next by the groups of 2

35
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resulting in the smallest variance in groups of 3 and the next smallest

in groups of 2.

. A F-max test (Walker and Lev, 1953) of the trial variancesl_v1i_t_1_i_i_n

each condition (individual, groups of 2 and groups of 3) was computed.

. These results demonstrate the existence of significant differences of

variance within the group conditions (individual, F-max = 3. 02, df = 39,

k = 9, p > .05; groups of 2, F-max = 7.86,.df =16, k= 9, p < .01;

groups of 3,- F-max = 30.545, df = 16, k =9, p < .01). In the group

conditions the difference in variance again is likely due to the ceiling of

8 correct being reached by groups and not individuals.

The previous results indicated that an analysis of variance would

be inappropriate due to the heterogeneity of variance. 1 However, it was

felt that an examination of the differences between the individual and

groups by use of the t-test would also be inappropriate without a prior

analysis of the data by an analysis of variance. . Therefore, a suitable

analysis of variance technique was used in order to determine if there

were overall differences between the groups and individuals and whether

or not there was a change over trials, keeping in mind that the data

contained differences in variance.*

The kind of analysis of variance which was selected as appropriate

for repeated measures on separate groups was Lindquist's (1953) type I

design. The purpose of this design was to test the significance of the

overall differences between individuals, groups of 2, and groups of 3;

and also the overall difference in the recall trials, and finally to test the

interaction between the trials and conditions (individuals, groups of 2

and groups of 3). AThe results of the analysis of variance are presented

in table 4. 3.

 

* _

The Norton Study (as reported by Lindquist, 1953) suggests that

heterogeneity of variance is not of serious consequence so long as the

level of significance is made more rigorous.
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Table 4. l. Obtained‘recall results: A comparison of the overall

variances of individuals, groups of 2 and groups of 3.

 

Condition Variances

Individual 109 . 938

Groups of 2 41. 941

~ Groups of 3 34.441

Comparison of the conditions

 

Comparison ~ F df p

Inviduals vs. groups of 2 2.621 39 andl6 < .01

Individuals vs. groups of 3 3.192 39 and 16 < .01

Groups of 2 vs. groups of 3 1.218 . l6 and 16 > ,05

 



Table 4. 2. Obtained recall results:
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Comparisons of obtained trial

 

 

  

 

variances.

Variances F-ratios

Trial Ind. Grp 2 Grpg3 Ind vs Grp 2 Ind vs Grp 3 Grp 2 vs Grp 3

1 1.051 1.691 1.360 -1.609 -1.294 -1.243

2. 2.708 2.066 3.360 1.311 -1.241 -1.626

3. 3.179 2.721 2.279 1.168 1.395 1.194

*4: *>:<

4. 2.910 .934 .632 3.116 4.604 1.478

** **

5. 2.767 .515 .346 5.373 7.997 1.488

at 2M: **

6. 2.459 1.279 .154 1.922 15, 968 8.305

#4: ** an:

7. 1.833 .346 .110 5.298 16.664 3.145

some: #21: =1:

8. 2.256 .757 .279 2.980 8.086 2.713

at»: .

9. 1.269 1.140 .191 1.113 6.644 5.968”

 

Note: . The ratios which are preceded by a minus (-) sign are those which

have as the denomenator the variance of individuals in the cases of com-

parisons with individual variances, and the denomenator is the variance of

groups of 2 in the comparisons of groups of 2 with groups of 3.

at:

,p <..05.

a»:

p < .01.
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Table 4. 3. Analysis of variance of obtained recall data

 

 

Source df sum of squares mean square F-ratio

Between 58 73 891. 045

Condition (Ind, grps) 2 278.853 139.426 16.171*

Error A 71 612.192 8;622

Within 83 592 2211.778

Trials 8 1648. 526 206. 066 230. 757W

Condition XTrials 16 56.006 3. 500 3. 919”

Error B 568 507.246 .893***

Total 665

 

at:

p < .001, error term A used for F-ratio.

acne:

p < .001, error term B used for’F-ratio.

*9 4

K It is likely that the extreme smallness of this error term probably to

a large measure, reflects the fact that several of the trials were performed

when most groups and many individuals were performing perfectly, and

thereby, reducing the variance. If this were not the case, the confusing

result of the significant Condition X trials interaction jnight not exist.



40

The results of the analysis of variance indicated a difference in

trials which supports the notion that there was learning during the task.

Also, the results suggested a difference between the conditions.

Therefore, individual t-tests were performed between individuals and

groups of 2, individuals and groups of 3,. and groups of 2 and groups of 3.

The results of these tests are presented in table 4.4. The difference

between individuals and both groups of 3 and 2 was significant. The dif—

ference between groups of 3 and-2 was not quite significant, however,

this difference approached significance at the . 05 level.

Obtained vs. predicted recall results.

The mean words correct for all trials for groups of 2 and groups

of 3 was compared with the predicted mean words correct. The predicted

mean total for groups of land groups of 3 was computed by applying the

Lorge and Solomon model to each trial. rUsing the proportion of words

recalled correctly on each trial by individuals as the estimate of Pti'

(the formula, Ptg = l - (1 - -Pti)k was used to predict the proportion of

words recalled correctly by groups on each trial. . By multiplying Ptg

by the number of words on the list (8) a predicted mean, G, for each trial

was calculated, and by summing the predicted means for the nine trials,

a predicted mean for all trials was calculated. 1 These predicted means

of the total for groups of 2 and groups of 3 are compared with the

obtained means of the total in table 4. 5.

-From the table it may be seen that for groups of 2 the prediction

did not differ significantly from the obtained. , But, the prediction for

groups of 3 did differ significantly from the obtained. However, it must

be pointed out that there is no adequate statistic available to test the

closeness of the predictions. The _t_-test was used but in so doing the

variance of the predictions was assumed to be zero and the predicted

mean was treated as a parameter. ~ The predictions, since they were
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Table 4.4. T-test comparison of obtained recall results.

 

Comparison Mean diff. Std. error mean t p df

a:

Inds. vs. grps 2 9.365 2.284 4,100 < .01 55

*

Inds. vs. grps3 13.365 2.185 6.117 < .01 55

*4:

Grps 2 'vs. grps 3 4.000 2.120 1.887 > .05 32

 

at:

The standard error of the mean was obtained by using a pooled method

which takes into account the heterogeneity of variance (Edwards, 1956).

not

A t of 2.042 was neededfor p = .05.
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Table 4. 5. Recall, total means--predicted and obtained.

 

 

Means Std. error

Obtain. . Predict. . Diff. of mean df t » p

:9:

Groups of 2 58.765 61.720 2.955 1.521 16 1.881 > .05

>1:

Groups of 3 62.765 66.168 3.403 1.423 16 2. 391 .< .05

 

*

t=2.12forp=.05
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based on the individual results, are variable; but there was no adequate

estimate of this variance. The assumption of zero variance of the pre-

dictions was overly stringent for the purposes of this study. While it is

possible that the difference between the obtained and predicted for

groups of 3 would not be significant if the variance of the predictions

were known, the difference-is still large enough to suggest a flaw in the

Lorge and Solomon model.

. Theobtained results for each trial was compared to the predicted

results for each trial and this can be seen by referring tofigures 4. 2

and 4. 3. -From inspection it can be seen that, generally, the predicted

and obtained are quite close, both for groups of 2 and groups of 3 except

for the first trials. Tables 4. 6 and 4. 7 present the results of_t_-test

comparisons of obtained and predicted results of groups of 2.and 3 for

each trial. The trial by trial _1_:_-tests indicate that the difference between

the obtained and predicted on the first trial forboth groups of 2 and 3 is

significant with the stipulation that the t_-test is overly stringent as

mentioned above.

The significant difference on the first trial may indicate a weakness

in the as sumption that all words are equally likely to be remembered.

While the positions of the words were randomized on each trial, a serial

position effect could still occur on the first trial. If: so, the assumption

that each word has an equal chance of being recalled is not tenable.

Table 4.8 shows the proportion of correct recalls by individuals and groups

at each of the eight serial positions, on trial 1. . It can be seen that the

first word presented was recalled by 60 per cent of the individuals while

the words in the middle of the first presentation were recalled by less

than 10 per cent of the individuals, indicating a strong serial position

effect.
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Figure 4. 1. -Obtained recall results. - Groups of 2‘(broken line),

groups of 3 (dotted line) and individuals (solid line).
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”Figure 4. 2. Obtained (solid line) and predicted (broken line)

recall results of groups of 2. The dot is the corrected

first trial prediction.
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Figure 4. 3. -Obtained (solid line) and predicted (broken line) recall

results of groups of 3. ~ The dot is the corrected first

trial prediction.
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Table 4. 6. .Obtained vs. predicted recall results trial by trial for

groups of 2..

W

 

Trial Mean difference ~Std. error of mean t

1. .760 .3153 2.410*

2. .112 .3485 .321

- 3. . 368 . 3990 . 920

4. .424 .2342 1.810

5. .008 . 1739 .046

6. .512 .2743 1.866

7. .096 .1426 .067

8. .280 .2110 1.327

9. .400 . 2590 l. 544

 

3k

p<.05
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Table 4. 7. Obtained vs. predicted recall results trial by trial for

groups of 3.

 

 

Trial Mean difference Std. error of mean t

1. 1.528 .2828 5.403*

2. .600 .4455 1.350

3. .264 .3662 .721

4. .232 .1929 1.203

5. .168 .1426 1.178

6. .120 .0953 1.259

7. .088 .0805 1.093

8. .160 .1283 1.247

9. .232 .1059 2.190*

 

at:

p<.01
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Table 4. 8. . First trial proportions correct for individuals, groups of 2,

and groups of 3 and predicted proportions correct for groups

of 2 and groups of 3.

 

 

Proportionwof Proportion of _ Proportion of

Position individuals 1 - (1--Pi)z groups of 2 1 -4(1--Pi)3 groups of 3

 

l .600 .824 .840 .936 .647

2 .425 .669 .529 .810 .529

3 .175 .319 .353 .438 .353

4 .050 .098 .118 .143 .235

5 .075 .144 .235 .208 .235

6 .075 .144 .059 .208 .294

7 .225 .399 .235 .534 .118

8 .400 .640 .412 .784 .706

 

Sum» (E) 3. 253 4.061
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What seemed to have happened on the first trial was that each of

the group members tended to learn thew words. The pooling of

abilities model with the assumption of each word having an equal chance

of being recalled does not take this into account. The model pools the

ability of all members with a disregard to which words were learned.

An extreme example of this would be if all members of the groups and

all individuals learned only the first and last words on the list. - In this

case the group would perform no better than the individual, but the

prediction of the group's performance would be higher than the actual

performance.

Because of the serial position effect, new predicted means, G's,

for the first trial were made, based on the proportion of individuals

recalling the words in each of the 8 positions. The formula, Pg = 1 -

(1 - Pi)k, was applied separately for the words of each position. For

groups of 2 and groups of 3 the new prediction of the mean numberof

words recalled was made by summing the predicted proportions of the

words recalled by the group in each position, G = 2) Pg (see table 4.8).

The new prediction of 3. 25 correct responses on trial 1 for groups

of 2 was found not to differ significantly from the obtained value of 2. 76

(_1_:_ = .847, df = 16, p > .05). -However, the new prediction of 4.06 for

groups of 3 was found to differ significantly from the obtained value of

3.12(_t_ = 3.325, df =16, p < .05).

A new predicted mean words correct for all trials for groups of 3

was computed using the new first trial prediction, taking into account

the serial position effect. . The new predicted mean total of 65. 581 was

compared to the obtained of 62. 765 and the difference of 2. 816 was found

not to be significant (_t_= 1.978, df = 16, p > .05). .Previously, , the dif-

ference between the total predicted and obtained was significant (see

above) when the serial position effect was not taken into account.
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-Generally, the predicted and obtained results are quite close.

However, the still significant difference between the predicted and

obtained performance of groups of 3 on the first trial after the serial

position effect is taken into account is unexplained. . Also unexplained

is the difference between the predicted and obtained performance of

groups of 3 on the last trial.

The obtained results indicated the expected group superiority,

groups of 2 and-3 being superior to individuals, however, the difference

between groups of 2 and‘3 was not quite significant. ‘

Experiment II
 

Obtained Doodlebug results.

- The time to solution of the Doodlebug problem for groups of 2,

groups of 3 and individuals was recorded. ~ Not all individuals or groups

of 2 solved the problem so it was impossible to compute mean solution

times and variances of solution times. . The measures used for compari-

sons of the groups and individuals were proportions.

The following measures were used to compare the obtained results

of groups and individuals on the Doodlebug problem:

1.. Solution. The proportion of groups of 2,, groups of 3 andlindi-

viduals who solved the problem in the 40 minute time limit were compared.

2.. Analysis. -The proportions of groups of 2, groups of 3 and

individuals who overcame 1 belief and who overcame 2 beliefs were com-

pared.

3.. Synthesis. The proportions of groups of 2, groups of 3 and

individuals who solved after overcoming l'belief and after overcoming

2 beliefs were compared.

The obtained proportions of solutions for each condition are pre-

sented in table 4. 9 along with the obtained proportions relevant to the

analysis and synthesis measures.
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Table 4. 9. Obtained Doodlebug results: . Proportions of individuals,

groups of 2, and groups of 3 passing solution, analysis, and

synthesis measures.

 

 

Grdups of:

Individuals 2 3
 

 

SOLUTION Proportion

solving . 658 . 667 l. 000

Proportion

overcoming

l belief I. 000 1. 000 1. 000

ANALYSIS

Proportion

overcoming

2 beliefs .. 854 . 792 l. 000

Proportion

solving after

overcoming

1 belief .658 .667 1.000

SYNTHESIS

Proportion

solving after

overcoming
* *

2 beliefs .771 .842 1.000

 

To compute these proportions the number of groups or individuals who

overcame 2 beliefs was used as the denomenator. .In the case of indi-

viduals this was‘35 of the total of 41. .For groups of 2, it was 19 of .‘4,

and for groups of 3 it was 19 of 19.



53

Before presenting further results, the disappearance of one of the

beliefs must be noted. - Looking at the tables 4. 9, 4. 10 etc. it can be

seen that. the measures of analysis and synthesis use only two beliefs,

whereas, in the introduction it was mentioned that there were three

beliefs involved in the solution of the Doodlebug problem. . In the course

of the. administration of the Doodlebug problem in a. setting without any

hints it was found by E that it was difficult to determine when, if at all,

the subjects overcame a particular one of the beliefs. - The particular

belief was the facing belief, i. e. ,- "Joe does not have to face the food in

order to eat it. ” Many subjects never asked a question about Joe's facing

or not facing the food, but they still solved the problem, and it was evident

in their solution of the problem that they had assumed that Joe did not have

to face the food in order to eat it. This meant that either during their

working on the problem they overcame this belief and when this occurred

it was not obvious to E or that they started the problem assuming that the

bug did not have to face the food. Because of the difficulty in determin-

ing when this particular belief was overcome, it was decided not to

include this belief in the calculation of the analysis and synthesis

measures.

- Looking at table 4. 10 comparing individuals and groups of 2 it can

be seen that in no comparisons are groups of 2 significantly different

from individuals. This can be further amplified by examining figures

4.4 through 4. 8 which show the close similarity between individuals and

groups of 2 on the Doodlebug problem.

Table 4.11 compares individuals and groups of 3. An examination

of this table reveals that individuals and groups of 3 differ significantly

on 3 of the 4 measures of analysis and synthesis and also the total pro-

portions solving the problem. This is also indicated by figures 4.4

through 4. 8.
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Table 4.10. -Obtained Doodlebug results: Individuals vs. groups of 2,

are sin test of obtained differences of proportiqns passing

measures of solution, analysis and synthesis.

I1
Differenc e of

   

proportions z p

SOLUTION solving . 009 . 086 . 93

overcoming

l belief (no difference, both proportions = 1. 00)

ANALYSIS

overcoming

2 beliefs . 062 . 607 . 54

solving after

overcoming

l belief .009 .086 . 93

SYNTHESIS

solving after

overcoming

2 beliefs .071 .624 .54

 

>1<

The statistic used to test the- difference between the proportions is given

in Lorge and Solomon (1955) and uses the following formula:

 

 

_ e1'92

1+1
N1 N2

 

Where 6 = 2 arcsin N/proportion solving,-N = sample size.
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Figure 4.4 'Obtained Doodlebug results. .Cumulative distributions

of proportions of solutions in groups of 2 (broken-line),

groups of 3 (dotted line) and individual (solidtline)

conditions.
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Figure 4. 5. . Obtained Doodlebug results. Cumulative distributions

of proportions of groups of 2.(broken line').groups of 3

(dotted line), and individuals (solid line) overcoming

1 belief.
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-Obtained Doodlebug Results. Cumulative distributions

of proportions of groups of 2 (broken .line), groups of

3 (dotted line) and individuals (solid. line) overcoming

2 beliefs.



P
R
O
P
O
R
T
I
O
N
S
O
L
V
I
N
G
A
F
T
E
R
O
V
E
R
C
O
M
I
N
G

l
B
E
L
I
E
F

(
S
Y
N
T
H
E
S
I
S
)

Figure 4. 7.

l.

58

   
TIME

(in minutes)

Obtained Doodlebug results. . Cumulative distributions

of proportions of groups of 2 (broken line), groups of 3

(dotted line), and individuals (solid -1ine),solving after

overcoming 1 belief.
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-Obtained Doodlebug results. - Cumulative distributions

of proportions of groups of 2 (broken line), groups of 3

(dotted line) and individuals (solid line) solvingafter

overcoming 2 beliefs.
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Table 4. ll. - Obtained Doodlebug results: Individuals vs. groups of 3,

arc sin test of obtained differences of proportions passing

measures of solution, analysis and synthesis.

T

====== — w 

Diffe renc e of

 

proportions z p

SOLUTION solving . 342 3 . 655 < . 001

overcoming

l belief (no difference, both proportions = 1. 00)

ANALYSIS

overcoming

2 beliefs .146 2. 035 < .05

solving after

overcoming _

l belief .342 3.655 < .001

SYNTHESIS

solving after

overcoming

2 beliefs .229 2.704 < .01
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A comparison of groups of 2 and groups of 3 as given by table 4.12

yields differences. As the table indicates groups of 2 differ from groups

of 3 on 3 of the 5 measures. The proportion of groups of 2 solving after

overcoming 2 beliefs does not differ significantly from the proportion of

groups of 3, but the level of significance of .07 is quite close to the

usual cut—off level of . 05. .Since the majority of the comparisons yields

significant differences, a conclusion that groups of 2 differ from groups

of 3 in solving the Doodlebug problem can be made. This conclusion

can be further supported by examining figures 4.4 through 4. 8.

The group superiority which was found in the recall experiment is

not the same in the Doodlebug experiment. Whereas groups of 3 are

significantly superior to individuals, groups of 2 do not come close to

being significantly different from individuals, and, as this suggests,

groups of 3 are significantly superior to groups of 2.

Obtained vs. predicted Doodlebug results.

The proportions of groups of 2 and groups of 3 solving the Doodlebug

problem were predicted by substituting the proportion of individuals solv-

k

ing the problem for Pi in the following formula, P = 1 - (1 - Pi) , where,

as was previously mentioned, Pg = the predicted pgroportion of groups

solving the problem and k = the number of persons in the group. , The

proportions passing the measures of analysis and synthesis (see page 51)

were similarly predicted. The results of these predictions for groups of

2 are presented in table 4. 13 along with the results of an arcsin test of the

difference between the obtained and predicted proportions. These results

for groups of 3 are presented in table 4. 14. It must be noted that the

arc sin test of the difference between predicted and obtained proportions

is overly stringent for our purposes for the same reason the _t_-test was

overly stringent for a test between obtained and predicted means in the

recall experiment.
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Table 4. 12. - Obtained Doodlebug results: Groups of 2 vs. groups of 3,

are sin test of obtained differences of proportions passing

measures of solution, analysis and synthesis.

 

 

Diffe renc e of

   

proportions z p

SOLUTION solving . 333 3. 238 < . 002

overcoming

1 belief (no difference, bothproportions = 1.00)

ANALYSIS

overcoming

2 beliefs .208 2.351 < .02

solving after

overcoming

l belief .333 3.238 < .002

- SYNTHESIS

solving after

overcoming

2 beliefs .158 1. 829 . 07
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It can be seen from table 4. 13 that the predictions of the perform-

ance of groups of 2 was not very accurate. Three of the 5 predictions

differed significantly from the obtained results, and a fourth prediction

differed at the . 10 level of significance. . In all of these predictions the

group performed more poorly than the pooling model predicted.

. In contrast to the predicted performance of groups of 2, it can be

seen from table 4. 14 that the predicted performance of groups of 3 is

quite accurate. In no instance did the absolute difference between the

predicted and obtained proportions exceed . 05, and none of the differences

approached the . 05 level of significance. The obtained and predicted

values are near or at the upper limit of 1.00. However, the values

obtained by the arc sin transformation as presented by Walker and Lev

(1953) are still reasonably sensitive at these extremes.

The above predicted and obtained proportions for groups of 3 are

quite close, but the comparison concerns the proportions solving at the

end of the 40 minute time limit and does not indicate whether or not the

Lorge and Solomon model would be an adequate predictor throughout

the 40 minute time interval. This is particularly relevant because the

obtained and predicted proportions are at or near the limit of l. 00.

It is reasonable to suppose that the obtained results could yield many

groups of 3 solving in the last 5 or 10 minutes thus indicating a discrep—

ancy between the obtained and predicted. . To remedy this, cumulative

distributions of proportions solving and passing the measures of synthesis

and analysis at 5 minute intervals were constructed. .Predicted propor-

tions for each of the intervals were also constructed. . Figures 4. 9

through4. 18 present the comparison between the predicted and obtained

distributions.

Observing figures 4.9 through 4.13 for groups of 2 it can be seen

that the predicted and obtained generally differ. The results of the

Kolmogrov-Smirnov test for groups of 2 is presented in table 4. 15.
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Table 4. 13. .Obtained vs. predicted Doodlebug results: Arcsin test of the

difference between obtained and predicted proportions of

groups of 2 solving theDoodlebug problem and passing

measures of analysis and synthesis.

 

   

mM

Obtained . Predicted

proportion proportion Difference z p

SOLUTION solving .667 .883 .216 2.530 .011

overcoming

l belief 1.000 1.000 .000 .000 -

ANALYSIS

overcoming

2 beliefs .792 .979 .187 3.239 .01

solving after

overcoming

1 belief .667 .883 .216 2.530 .011

SYNTHESIS

s olving afte r

overcoming

2 beliefs . 842 . 948 .106 1. 622 .10
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Table 4. 14. Obtained vs. predicted Doodlebug results: Arc sin test of the

difference between obtained and predicted proportions of

groups of 3 solving the Doodlebug problem and passing

measures of analysis and synthesis.

 

  

Obtained Predicted

proportion proportion Difference z p

SOLUTION solving 1. 000 960 . 040 753 . 45

overcoming

l belief 1.000 1 000 . 000 000 -

ANALYSIS

overcoming

2 beliefs 1. 000 . 997 003 524 . 60

solving after

overcoming

l belief 1.000 .960 .040 .753 .45

SYNTHESIS

solving after

overcoming

2 beliefs 1.000 .988 .012 .045 .96
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TIME

(in minutes)

Obtained (solid. line) vs. predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained and predicted proportions of groups of

2 solving.
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TIME

(in minutes)

Obtained (solid line) vs. predicted (broken line)

Doodlebug results. Cumulative distributions of

obtained and predicted proportions of groups of 2

overcoming 1 belief.
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(in minutes)

Obtained (solid line) vs. predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained and predicted proportions of groups of 2

overcoming 2 beliefs.
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- TIME

(in minutes)

Obtained (solid line) vs. predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained and predicted proportions of groups of 2

solving after overcoming 1 belief.



70

 

  
 

.33
U)

‘5[-1 1.0 _

z

53
V .9

V)

In

E.
A .8

[.11

m

N .7
o

E

2 .6

o
o

('3> 5

o

a:
m -4.»

s .
Ln

‘3 ..3
o
z

E;
,4 .2

o
U)

z9 .1

1-«

5
04 l l I l T T I l

2 5.10 15 20 25 30 35 40

0.

TIME

(in minutes)

Figure 4. 13. -Obtained (solid line) vs- predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained and predicted proportions of groups of 2

solving after overcoming 2 beliefs.



P
R
O
P
O
R
T
I
O
N
S
O
L
V
I
N
G

Figure 4.14.

71

   
TIME

(in minute 8)

Obtained (solidline) vs. predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained vs. predicted proportions of groups of 3

solving.
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TIME

(in minutes)

Obtained (solid line)‘.vs. predicted (broken line)

Doodlebug results. Cumulative distributions of

obtained and predicted proportions of groups of 3

overcoming 1 belief.
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(in minutes)

Obtained (solid line) vs. predicted (broken line)

Doodlebug results. Cumulative distributions of

obtained and predicted proportions of groups of 3

overcoming 2 beliefs.
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TIME

(in minutes)

-Obtained (solid line) vs. predicted (broken line)

Doodlebug results. . Cumulative distributions of

obtained andpredicted proportions of groups of 3

solving after overcoming 1 belief.
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TIME

(in minutes)

Obtained (solid line) vs- predicted (broken line)

Doodlebug results. .Cumulative distributions of

obtained and predicted proportions of groups of 3

solving after overcoming 2 beliefs.
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Table 4. 15. .Obtainedvs. predictedDoodlebug results: Kolmogrov-

Smirnov one sample test of differences between obtained

and predicted distributions of groups of 2.

Obtained ,vs- predicted

  

 

umaximum difference p

SOLUTION . solving . 254 . 05

overcoming

l belief . 068 . 20

ANALYSIS

overcoming

2 beliefs . 202 . 20

solving after

overcoming

1 belief . 306 . 01

SYNTHESIS

solving after

overcoming

2 beliefs . 394 . 01
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‘Not all the differences seen in the figures are significant at less than the

.05‘1evel, but the 2 measures of synthesis yield significant differences

and the difference in proportions solving approaches the . 05‘level. .The

differences were in the direction indicating that the groups of 2 per-

formed more poorly than predicted by the pooling model.

Table 4. 16 presents the results of the Kolmogrov-Smirnofi one

sample test of the differences between the obtained and predicted results

of groups of 3. The cumulative distributions of these measures are pre-

sented visually in figures 4. 14 throughv4. 18. , From the table it can be

seen that on one measure of synthesis the obtained differed significantly

at less than the . 05 level from the predicted. . All other measures yielded

no differences at less than the . 20 level of significance.

The obtained and predicted results may be summarized as follows.

Generally, groups of 2 did not differ significantly from individuals, and

the predicted performance of groups of 2 was higher than the actual per-

formance. ~ Groups of 3 generally performed superior toindividuals and

groups of 2, and in most cases their performance was as the pooling model

predicted. The one exception was in the cumulative predictions of the

second measure of synthesis. This comparison is more relevant than

the comparison of proportions at the end of the 40 minute time limit

because it takes into account the proportions at each of the 5 minute

intervals. Therefore, we might expect that the lack of a significant dif—

ference between the obtained and predicted synthesis measure at the end

of 40 ‘minutes is spurious. , By examining figure 4. 18 it can be seen that

the theoretical distribution reaches an asymptote much sooner than does

the obtained distribution. *This suggests that the lack of a significant dif-

ference between the obtained and predicted synthesis measure at the end

of 40 minutes occurs because the comparison is made ”toorlate. " The

lower performance of groups of 3 on the second measure of synthesis does

suggest that in groups of 3 there is some inhibitiomof the synthesis process.
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Table 4. 16;. Obtained and-predicted Doodlebug results: Kolmogrov-

Smirnov one sample test of differences between obtained

and predicted distributions of groups of 3.

Obtained vs .

   

predicted

  

maximum difference p

SOLUTION solving . 065 . 20

overcoming

l belief . 112 . 20

ANALYSIS

overcoming

2 beliefs . O88 . 20

solving after

overcoming

1 belief .165 . 20

SYNTHESIS

solving after

overcoming

2 beliefs . 342 . 05
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’However, this inhibition is not enough to seriously effect the solution of

the problem because the model predicts quite well the proportions of

- solutions.

.The most troublesome result was the performance of groups of

2 on the Doodlebug problem. rFor most purposes they performed just

like individuals--neither better nor worse. - For the Lorge and Solomon

model to predict accurately the best solver in the group must work on

the problem without interference‘(or facilitation) from the other group

members. If all the group members work simultaneously on the problem,

this guarantees that the best as well as the worse solver is not meeting

interference. - Also, if the poorer solvers of the group simply follow

the best solver throughout the problem solving process, the best solver

will not be interfered with and the Lorge and Solomon model should give

an accurate prediction. If all the group members are not working on

the problem simultaneously and the one or more persons who are domi-

nating the process are Po_t the best solvers in the group, the best solver's

behavior will be inhibited. This will lead to an over prediction by the

Lorge and Solomon model.

Protocols of the group problem solving process were recorded by

the experimenter and it was possible to examine whether or not one

person was dominating the problem solving process or whether eachof

the group members were participating about equally. These protocols

recor‘ded who in the group overcame the beliefs and who solved the

problem. Therefore, it was possible to examine whether or not one

participated more in the solution of the problem than would be expected by

chance if both members were participating equally. ‘ This was accomplished

in the following way. In the protocols of the Doodlebug solutions there

were 3 measures of participation, overcoming belief l, overcoming

belief 2, and solving the problem. .In groups of 2 if both persons were

participating equally, the probability of one person overcoming belief 1
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would be . 50. Similarly, the probability of one person overcoming

belief 2 would be . 50 and solving the problem would be . 50. »Therefore,

the probability of one particular person doing all three things would be

'(. 50)(. 50)(. 50) = .125 since the probabilities are independent. . The prob-

ability ofgithg person doing all 3 things would be . 125 + .125 = . 25.

From the total number of solutions it would be expected by chance that

in . 25 of them one person would contribute all 3 parts if both persons in

the groups were participating equally. The obtained proportion of groups

in which one person did all 3 things was . 50 (8 of the 16 groups who

solved). .A test of the difference between the obtained and predicted

proportions (Walker and Lev, 1953) demonstrated that it was significant

at less than the .02 level (2 = 2.358). This indicates that the group

members were not participating equally, and since the Lorge and Solomon

model over predicts the performance of groups of 2, it suggests that

the person who dominates the problem solving is not always the best

solver. .Apparently, dominance in the problem solving process of groups

of 2 is determined by some personality variable which is not related to

the skills most appropriate for the solution of the Doodlebug problem.

To examine participation in groups of 3 similar obtained and pre-

dicted proportions were compared. In groups of 3 if each person was

participating equally, the probability of 1 person overcoming belief 1

would be . 33 and, similarly, overcoming belief 2 would be . 33 and solving

the problem would be . 33. ~ Therefore, the probability of one person

doing all three things would be (. 33)(. 33)(. 33) = . 0359, and the prob-

ability of any of the 3 persons doing all 3 things would be (.0359)(3) =

. 108. Therefore, of the total 19 solutions to the problem, it would be

expected by chance that in . 108 of them one person would contribute all

3 parts. The obtained proportion was . 053. By comparing the obtained

to the predicted proportion of . 108, it can be seen that the obtained

proportion is somewhat smaller than would be expected by chance indicating
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that the groups of 3 did not tend to have one person dominant.

(A test of the difference between the proportions yielded a z less than 1.)

The tendency of equal participation in groups of three suggests that the

group members were working simultaneously on the problem which en-

abled the best solver to reach a solution unimpeded.

The above results indicate an odd difference between groups of 2

and groups of 3. In groups of 2 one person tends to dominate and that

person is not always the person with the best problem solving skills, and

in groups of 3 one person does not tend to dominate suggesting simul-

taneous problem solving by all the group members.



CONCLUSIONS

In the recall experiment the first thing which was examined was

the variances of groups and individuals. - It was found that the overall

variance of groups of 3 was less than groups of 2 (although not quite

significant) and both these variances were less than that of individuals.

However, we cannot conclude that the differences in variances are due

solely to the difference in the number of people working on the task.

The groups performed near the ceiling of 8 correct words on the later

trials and, therefore, their variances were less than individuals who

tended not to reach the ceiling.

The hypothesis of group superiority and size received some support

in the recall experiment. - Groups of 2 and 3 were superior to individuals

on the recall task. .Furthermore, groups of 3 tended to perform

superior to groups of 2 although this difference was not quite significant

at the . 05 level. From rather limited data on group size, that is, only

groups of size 2 and 3 were examined, there appears to be a direct

relationship between the size of the group and performance since groups

of 2 were superior to individuals and groups of 3 tended to be superior

to both individuals and groups of 2. . Superiority increases with size

(see figure 4.1).

The predictions of group performance based on the pooling model

were accurate in most instances. Four of 20 predictions differed sig-

nificantly from the obtained results. . However, when the serial position

effect which occurred on the first trial was taken into account in making

the predictions, only 2 of the 20 predictions were faulty. Both of these

occurred in the predictions of groups of 3. In both the first and last

trial groups of 3 performed more poorly than that which was predicted

82
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by the pooling model (see figure 4. 3). - Examining figure 4. 3 it can be

seen that the overall performance by groups of 3 tends to be slightly

below that predicted. - This suggests that there is some slight interference

occurring in groups of this size on the recall task. ‘While there is no

overall difference as indicated by the _t_-test of the difference of total

mean correct, there might be some confounding resulting from having

several trials when the groups were performing nearly perfectly. ..It- is

possible that there isa serious discrepancy between the predicted and

obtained which only evidences itself on the first and: last trials. When the

serial position effect is taken into account for groups of 2, on no trial does

the obtained differ significantly from the predicted. .An alternative inter-

pretation of the two significant differences in groups of 3 is that these

differences occurred by chance. - If it were given that there were no dif-

ferences between the obtained and predicted results, it would be expected

by chance that l of the 20 predictions would be significant at the . 05 level.

Therefore, it is not supposing a very odd occurrence to suggest that the

2 of 20 differences were due to chance. Which of these alternative

explanations is correct cannot be determined by the present research.

A further problem concerning the adequacy of the prediction of

groups of 3 on the recall task is that groups of 2 and 3 did not quite differ

significantly (p = .07). This suggests that using the performance of

groups of 2 to predict groups of 3 or vice versa cannot be rejected by the

L-test. . This further suggests that there is some kind of interference

occurring in groups of 3 and they are performing somewhat like groups

of 2.

While there is a. suggestion 'of interference in groups of 3, nowhere

is there an indication of facilitation, and it must be said that one need

not resort to'an explanation of group superiority which is based on the

facilitative effects of interaction.
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rExamining figures 4. 2 and 4. 3 it can be seen that there is a

greater tendency for the model to over predict groups of 3 than groups

of 2. Perhaps as the group size increases there is more and more inter-

ference. .If this is the case, adding a constant to the Lorge and-Solomon

model would be necessary for it to give an accurate prediction of group

performance. The formula would then be: (Pg = 1 --(l - -Pi)ek, . where 6

is a constant less than 1 representing interference. To determine the

numerical value groups of a greater size then 3 would have to be examined

and the constant estimated from their performance.

As with the recall experiment, in the Doodlebug experiment there

is also no evidence for facilitation, but there are further complications.

The apparent direct relationship between group size and superiority is not

found in the Doodlebug experiment as it was in the recall experiment.

Groups of 3 were significantly superior to individuals, but this was not

true of groups of 2. Groups of 2 were slightly superior to individuals in

solutions to the Doodlebug problem. .However, this difference was quite

small and did not approach significance. .On the‘other hand, groups of 3

were significantly superior to individuals and groups of 2 in proportions

of solutions (see tables 4.10 through 4.12).

-Of the 2 measures of analysis of the Doodlebug problem only one

appears fruitful, that of the proportion overcoming fig beliefs because

the other measure, that of the proportion overcoming .916. belief was 1. 00

in the individual, group of 2 and group of 3 conditions, the ceiling was

reached in all 3 conditions. The differences in the proportions overcom-

ing 2 beliefs indicates the same superiority that was found with the

proportion solving the problem (again see tables 4. 10 through 4. 12).

Groups of 2 were not significantly superior to individuals on this measure

of analysis, whereas, groups of 3 were significantly superior to both

individuals and groups of 2.
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Examining the measures of synthesis as presented in tables 4.10

through 4. 12 it may be seen that the first measure, the proportion who

solve after overcoming 1 belief, is the same as the proportion who

solve the problem since all the groups and individuals overcame one

belief. The second measure of synthesis indicates that groups of 2 do not

differ significantly from individuals but groups of 3 do differ significantly

from individuals. The difference between groups of 3 and 2 is not quite

significant (p = . 07).

Generally, the measures of analysis, synthesis and solution indi-

cate that groups of 2 are not significantly superior to individuals, whereas,

groups of 3 do differ significantly from individuals and in most cases also

from groups of 2. Therefore, the conclusion that groups of 3 are

superior to individuals and groups of 2 can be made.

. Comparing the obtained Doodlebug results with the results predicted

using the pooling model indicates that groups of 2 perform significantly

more poorly than predicted (see tables 4. l3 and 4.15). Table 4.13

indicates that groups of 2 do significantly more poorly on analysis, but

not significantly more poorly on the second measure of synthesis. On

the other hand, table 4.15 indicates the converse (poorer synthesis but

not analysis). The most reasonable conclusion is that the performance

of groups of 2 in both analysis and synthesis is inferior to that which is

predicted by the pooling model. .Also from the significant differences

between obtained and predicted proportions of solutions, we can conclude

that groups of 2 perform inferior to that which the pooling model pre-

dicts (see tables 4. l3 and 4.15).

In most of the comparisons between obtained and predicted, groups

of 3 perform as the pooling model predicts (see tables 4.14 and 4. 16).

The are sin test of the differences between the obtained and predicted

proportions at the end of 40 minutes does not yield any significant dif-

ferences. However, when the Kolmogrov-Smirnov test tests the difference
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between predicted and obtained cumulative distributions, the obtained

second synthesis measure is significantly inferior to the predicted.

The Kolmogrov-Smirnov test is the betterindicator of what is occurring

. since it takes into account the total distribution, whereas, the arc sin

test takes into account only the performance at the end of 40 minutes,

and by that time the obtained proportion had reached the limit of 1. 00.

. It can be concluded that the pooling model is an adequate explanation

for analysis by groups of 3. .For synthesis, it may be concluded that

there is interference occurring in groups of 3 such that they do not per-

form as well as predicted, but this interference is not strong enough to

produce a significant difference between the obtained and predicted

proportion of solutions by groups of 3. Groups of 3 were superior to

individuals, but an explanation of this superiority which is based on

facilitative effects of. group interaction need not be resorted to since

the pooling model can account for the superiority, and if anything, there

was interference occurring in groups of 3. Groups of 2, however, are

not significantly superior to individuals and do not perform as well

as predicted by the pooling model which indicates that something is

occurring in the groups of 2 which interferes in some serious way with

pooling.

.An examination of the protocols of the problem {solving by groups

of 2 demonstrated that one member of the group dominated the problem

solving. -Furthermore, the Lorge andSolomon model over predicted

their performance. 4 This indicates that the dominant person was not

always the best problem solver. It is likely that in many of the groups

of 2 the best problem solver had his behavior inhibited by the other group

member. Also, this suggests that dominance in this situation is unre-

lated to problem solving ability. .In groups of 3 dominance by one

member did not occur indicating that the group members were working

simultaneously on the problem since their performance was accurately

predicted in most instances.
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It is difficult to suggest how the Lorge and Solomon model might

be revised to better predict behavior of groups on the Doodlebug problem.

In a sense, no model is needed to predict how groups of 2 perform since

they behave like individuals. The application of the model, however,

permits the discovery of interference. Whether this interference is

particular to groups of 2, or groups containing an even number of

members, or the Doodlebug problem cannot be determined by this study.

Taylor andFaust's (1952) experiment found alack of superiority of

groups of 2 over individuals, whereas, groups of 4 were superior. This

suggests that even size groups do not behave as individuals, but whether

or not there is more interference in groups of even size than groups of

odd size is impossible to say. Further research with groups of varying

size and different problems must be done before definite conclusions of

group size and interference can be made. Also, further research may

lead to ways in which the Lorge and Solomon model can be revised to

be better able to predict group performance.

We may conclude that the pooling of abilities model does not pre—

dict all of the group behavior studied by these experiments. On a simple

task of memorizing nonsense words it appears that group interaction

neither facilitates nor seriously disrupts performance in groups of 2 and

3, although there is a slight indication of interference in groups of 3.

On a complex task of solving the Doodlebug problem, the pooling model

over predicts the behavior of groups of 2. — Furthermore, groups of 2

do not differ significantly from individuals. .For groups of 3 and model

predicts quite well except for synthesis where interference does occur.

We can conclude that there is not a simple, direct relationship between

group size and performance on this task and also in groups of 2, one

person dominance occurs which is unrelated to problem solving ability

resulting in interference. This does not occur in groups of 3 and

apparently there is much less interference occurring in groups of this

size.
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The idea that group interaction is facilitative of individual per-

formance receives no support from either of the 2 experiments.

However, there is evidence of interference. In experiment 1 the inter-

ference was slight. In experiment 2 there is strong evidence for inter-

ference in groups of 2, and in groups of 3 interference occurs in the

synthesis part of the problem solving process. -However, this interference

is not enough to seriously disrupt the solution of the problem.



.. SUMMARY

Two experiments were performed testing a mathematical model

of group performance. This model, devised by Lorge and‘Solomon

(1955), says that the probability of a group solving a problem is greater

than the probability of an. individual solving a problem simply because

there is more than one individual in a group. -Therefore, group

superiority does not have to be a result of any facilitative qualities of

the group situation. -Furthermore, the model allows for a prediction

of group behavior-or a proper baseline against which to judge whether

or not there is facilitation or interference.

-The first experiment tested the model using as the task the recall

of nonsense words. Groups of 2, groups of 3 and individuals were given

9 recall trials on 8 nonsense words. . In this experiment to apply the

Lorge and‘Solomon model each nonsense word was treated as a problem

to solve. The results of this experiment demonstrated that groups of 2

and groups of 3 were superior to individuals. Groups of 3 were not

quite significantly superior to groups of 2. Also, in all conditions there

was a strong serial position effect. When this serial position effect

was taken into account the predictions of groups of 2 and 3 were quite

accurate. - However, the model slightly over predicted the performance

of groups of 3 which may indicate a tendency for interference in groups

of this size. It was concluded that an explanation of group superiority

which uses the facilitative effects of the group is not suitable since the

superiority can be explained more simply by the Lorge and Solomon

model.

In the second experiment groups of 2, groups of 3 and individuals

were given a complex problem (Doodlebug problem) to solve.

89
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The results showed groups of 3 to be superior to individuals and groups

of 2. .Groups of 2 were not significantly different from individuals.

The Lorge and Solomon model considerably over predicted the perform-

ance of groups of 2 in analysis, synthesis and solution to the Doodlebug

problem. This indicates the presence of interference in groups of this

size. The predictions of the performance of groups of 3 was accurate

except for the synthesis phase of problem solving. .In this phase groups

of 3 performed inferiorto that predicted by the Lorge and Solomon model

suggesting interference. -However, the interference was not strong

enough to disrupt the prediction of the solution.

The strong interference present in groups of 2 seemed to be due to

one person, regardless of his problem solving ability, dominating the

solution to the problem. -This was supported by comparing expected and

obtained participation values.

Again, .in the second experiment there was no indication of group

facilitation. Group superiority, where Lit occurred, could be explained by

the Lorge and Solomon model.

In both experiments there was some indication of interference in

group performance. - In the first experiment the interference was slight.

In the second experiment the interference was strongest in groups of 2

and present somewhat in groups of 3. - No evidence was found for group

facilitation .
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