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ABSTRACT

This report is a by-product of a major research program on

the social and psychological aspects of stress. Characteristics

of the performance of individuals were used to oredict the same

dimensions of the products they wrote as 4-man groups, The minimum,

maximum, and average individuals' scores were correlted with the

group's scors, for 8 rated dimensions of written products and for

.time to solution. For all groups in the study, 3 dimensions and time

to solution were highly predictable using more than 1 of the basic

models; these 3 dimensions were those which best differentiated the

3 types of tasks in the sample. When the task types were separated

predictability of gro'up scores with the 3 models varied with task

type and dimensions; the minimum individual's score was generally

a better prediclo'or of the group scores than was the maximum or average,

and this model compared favorably with prediction using multiple

linear regression. The concepts pattern of positive and negat.ive

corrwiations between group scores and those of the minimum individual.



CHAPTER I: INTRODUCTION

A. The Problem

One of the early questions addressed by researchers in

social p'Jychology concerned the comparison of the performance of in-

dividuals with that of groups. As research accumulated, using a

variety of "groups," "individuals," and methods of comparing 0ha

two, it became clear that the answer to this apparently 3implo

question was much more complex than had originally been assuaed.

As illustrated by Lorge, Fox, Davitz, and Brenner (1958)

in their review of the literature in this area, laboratory studies

have generally been concerned with situations involving learning

and/or memory; with judgment, estimation, or decision-making;

or with problem-solving tasks. According to a recent summary by

Davis (in press), when a group-individual difference jccurv in

learning situations, groups are more likely than individuals to

produce a correct response, and to do so more quickiy; they are

less likely to make errors. Croup 3uperiority in problem-solving

is reflected in quality of solution and number of errors, and less

frequentiv in time to sulution; however, in terms of man-hours,

efficiency may be less for groups than tor individuals. In

judgment tasks, the group is generally more accurate than an in-

dividual; this s9aperiority can often be accounted for by statistical

or probabilistic factors rather than by the facilitating effects of

interaction.
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Besides the wide variety of task situations in the literature,

a second complicatici is recognized by Large, at. al., (1C58):

the "partial confounding...between task and kind of group" (p. 342).

That is, a particular type of "group" has generally been used only

within studies involving one of the above task situations. Large,

et. 1l., summarize the various types of these so-called "groups" with

which individuals might be compared:

1. Interacting, face-to-face group, iLe., involving
group meeting and discussion:

a. with a tradition of working together (traditioned)
b. with no tradition of working together (ad hoc)

2. Noninteracting face-to-face qroup, i.e., involving
physical meeting, but no discussion:

a. with a sequel appraisal of group opinion (climatized)
b. with a sequel appraisal of individual opinion

(social climatized)

3. Noninteracting non-face-to-face group, i.e., involving
no meeting and no discussion:
a. averaging nf individuals' performances (statisticized)

b. combining of individuals' performances (concocted) (p. 340).

The "individuals" with whom t group's performance is compared

vary considerably as well. The average individual may fall short of

the average group in quality of output, while the most able man may

nctually perform better alone than does the best group. In addition,

recent appraisals of the literature on social facilitation and

inhibition (Davis, in press; Zajonc, 1965, 1966) suggest that the

"individual performance" of the same person may vary considerably

when he is isolated, in the presence of an audience, or in the presence

of other coacting individuals. The direction of this difference seems

to depend on the task. In general, Zajonc (1965) suggests that per-

formance of well-learned tasks is facilitated by the oresence of others.

On the other hand, the acquisition of habits and the ierformance of
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novel of barely-learned tasks seems to be impeded by audiences or

:oactors except when these coctors provide cues to the performance

desired of or by the actor.

A final complexity in attempts to show superiority of either

the group or the individual has arisen because the early studies in

this area (foiý example, Cordon, 1923; Knight, 1921) ofter compared

individual performances with some combination of these same individual

performances into a "group" performance (the "statisticized" or "con-

cocted" group of Lorge, et. al., 1958). More recently (for example,

Shaw, 1932; Taylor, Berry & Plock, 1958) the tendency has been to

compare individual performances, either separately or combined in

various ways, with the output of the same or different individuals

when they interact (as in "ad hoc" or "traditioned' groups). The

fo-mer comparisons frequently illustrated mathematical or statistical

principles (Collins & Guetzkow, 1964; Secord & Backman, 1964). More

recently, Steiner (1966) has suggested an idea to which this discussion

will return: the latter type of comparison allows the experimenter to

eivaluate various assumptions zbout group processes, or how individuals

combine their resources to proouce a group performance. As pointed

out by Davis (in press), the early problem of individual versus group

superiority has evolved into the more complex question of determining

the factors important in group process.

B. Annproach of the Present Research

Attempts to investigate the relation.hips between individual

and group performances have, as indicated above, involved various

sorts of tasks, and many interpretations of "individual" and "group."

The research reported herein represents an attempt to produce generali-

zable resul'.s pertinent to this question.
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This study represents the junction of two lines of research in

social psychology. The first involves a set of teaks, and criteria

for their evaluation, which allow the present research to obtain the

same output measures for comparable tasks. This permits comparison

of the performances of an individual when he is working alone, and

when he is part of a group. The second is the laeis body of conceptual

and empirical work concerned with the prediction of group performance

from data on individuals. The following sections will consider in

greater detail these two bases for the present investigation.

Tasks and Performance Criteria

Among the conditions which determine whether group effort will

be superior to individual work-, and which foster various sorts of

combinations of individual contributions, one important variable is

the type of task or problem presented to the subjects. The relevance

of task type to the individual versus group issue is well documented

in an integrative summary of this literature by Cdllios and Guetzkow

(1964). As indicated in a theoretical paper by Steiner (1966), the

demands of the task are also related to group productivity in that

they "determine whether a particular kind of resource. , .is relevant,

how much of each kind of resource is needed for optimal performance,

and how the various relevaiti resouýces must be combined and utilized

in order to produce the best pcisible outcome" (p. 273).

A current program of research (Mack nan, 1965a, 1966; Hackman &

Jones, 1965; Hackman, Jones & McGrath, 1967; Kent, 1967; and Morris,

1965) provides a teak technology which can be used to advantage in

the present study. That program began as an attempt to develop a

taxonomy of group taski and a methodology with which the differerros

among them might be stuuiFd. The tasks and performance criteria
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developed in this research program have provided a convenient methodology

for use in the present investigation into the individual-group performance

question. Tasks includes in the original Hackman scheme are iotellsctive,

rather than manipulative or motor; there are many potential solutions to

each task, but the group is required to construct a single.w•itten

product. Although the tasks were originally written for performance

by groups, they are suitable for presentation to individuals as well.

Through factor analytic methods, a stable set of six dimensions

has been developed for the descriptior, of products genernted in response

to these tasks. According to Hackman (1966), these dimensions are:

designed to provide a means whereby the common characteristics
of a heterogeneous set of group products (cen) be systematically
assessed and compared. The dimensions are:

1. Action orientation. The degree to which a product states
or imolies that a specific or general course of action
should be, might be, or will be followed.

2. Length.

3. Originality. The degree to which the ideas and/or mode
of presentation of a product are fresh and unusual as
cpoosed to obvious and mundane.

4. Outlook. The degree to which the general point of view
or tone of a product can be characterized as "positive"
or optimistic as opposed to "negative" or pessim~stic.

5. Quality of presentation. Evaluation of the grammatical,
rhetorical, and literary qualities of the oroduct.

6. issue involvement. The degree tu which a product takmq
or implies a oarticular noint of view regarding some
goal, event, issue, value, or orocedure. (0r). 24-25.)

Judges rate written oroducts on 18 scales, three of which comprise

these six oroduct dimensions: these judges are blind to either the task

which gave rise to a product, or the group which performeo the task.

The end result of this procedure is a set of six scorrs which describes

a product. and which mllows that product to be compared meaningfully

with products generated by other individuals or groups, on the same or
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on other tasks and even in other rssearch studies. Since the wide

variety and Incomparability of the criteria of group performance have

been a major impediment to the integration of findings on group pro-

ductivity to date (Hackmen, Jones, & McGrath, 1967) the use of such

general or "task-independent" dimensions should permit greater general-

izability of experimental result3 across studies.

Two additional scales have been used in this program of research:

the "Croativity" of &:product, and the "Adequacy" with which a product

fJlfilis the specific demands of a task. These scales were originally

in~cluded as an aid to interpreting the nature and size of relationships

between task characteristics and the six general product dimensions.

They have been reteined in the present research because they closely

resemble the most frequently used criteria for evaluating the effect-

iveness of group interaction, as indicated in collections of tasks by

Shaw (1963) and Hackman (1965b). Adequacy and Creativity, although rated

in a manner similar to the other scales, ate "task-dependent" in that

the judge must be familiar with a task's requirements before he can

evaluate the adequacy and creativity of a response to it.

Tasks within the Hackman collection fall into three types

differentiated from one another by process requirements and by their

content or "mental materials." According to Hackman (1966), "Each

of the three original (task) types is seen as an intersection of a

particular kind of process emphasis with a certain class of 'task

content'" (p. 68). More specifically, production type tasks enmphasize

the process of presenting the content of ideas, concepts, or images.

In discussion tasks, the evaluation of issues or values takes precedence,

while in problem-solving tasks, the group must explain or instruct with

reference to specific overt actions. Extensive research and analysis
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presented by Hackman (1965a) and replicated by him (1966) and others

(Kent, 1967) has indicated that each task type possesses a characteristic

profile on the six general dimensions described above. A large body

of data exists relating (1) task tyoe and difficulty level to the

product dimensions (Hackman, 1966); (2) group sex composition and task

type to product dimensions (Kent, 1967); and (3) task type and difficulty

level to group interaction Process variables (Morri 1965). However,

the performance of individuals on these tasks and the relationships

between individual and group products have not yet been intensively

studiHd.

For this reason the present research was designed to extend

the Hackman methodology for the study of group performance to the

question of thL comparison of individual and group performance, and the

prediction of the latter from the former. Product dimension scores

for an individual's products ar3 considered as his "capabilities"

with regard to a particular type of task; they are studied in various

combinations with the "capabilitieas" of other individuals in his group,

in an attempt to predict the characteristics of the products generated

when these individuals work together on a task quite similar to the

ones they completed individually. The existence of standardized

tasks of known difficulty level and type thus permits the assessment

of individual performance on tasks highly similar to those presented

to the group; at the same time the dangers of using the same problem

twice (Hoffman, 1965) are avoided.

In essence, the present research follows the strategy suggested

oy Davis (in press):

Although the use of psychological tests to measure
component abilities in task performance is not without
merit, the use of task behavior to predict sLbsequent
group tank behavior results in even bette:. predictions,



8

and this latter strategy appears to be the mare
efficient. .. it should be evident that a knowledge
of how individual persons attack a task is insufficient
to predict group performance unless allowance is made
in the prediction process for the socially induced
individual changes. . .and/or the way individual con-
tributions are combined through interaction.

That is, the present research assesses tack performances of individuals,

and then combines individuals in various ways in an attempt to specify

the "socially induced changes" or "way individual contributions are

combined" in group performance of similar tasks.

Mathematical Models for the Prediction of Group Output

As social psychologists recognized the importance of task

variables in the study of group productivity, they began to apply

mathematical models in the prediction of group output from individual

performance on varying sorts of tasks. Davis (in press) has reviewed

several such approeches to the study of group learning, deoision-

making, and problem-solving, and suggests that they may be considered

as "theoretical baselines" resulting from various hypotheses about

the social processes which occur in groups.

Given individual responses or products X, and that social
interaction is of the sort Y, then the group product is
Z. Real group performance is then compared with the
baseline prediction, Z. . .If group performance is greater
than Z, then hypotheses about social interaction effects
(whic7h predict) less than Z can be disregarded, and atten-
tion focused upon obtaining theoretical statements that
predict greater then Z. The value of the baseline notion
or social process hypothesis lies in the fact that the
direct observation of social behavior. . .is often iror-
dinately difficult or even impossible. . .an adequate theory
of group performance, can, for some situations, thus be
approached by successive approximations more swiftly.

Thus the accuracy of prediction of group performance using a particular

model for combining individual outputs can give some information shout

the tenability of the social process assumptions implied by that model.
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A recent papgr by Steiner (1966) discusses several models

for the prediction of potential group output under different assumptions

about the "critical demands" (Roby & Lanzetta, 1958) of the task. The

first applies to tasks which require each group member to perform the

same activity, such as stuffing envelopes for mailing. When resources

are additive, the potential productivity of a group of size n is denoted

by PPg = n PPi where PPi is the mean potential productivity value of all

persons in the universe from which members of the group in question

have been randomly sampled.

Similar to Steiner's "additive" mGdel is Ltrs "independence

model" discussed by Thomas and Fink (1961); a comparison of the two

reveals that the additive model applies to problems in which group

output is measured quantitatively, while the independence model considers

the qualitative case of one correct and one or more incorrect answer(s).

Using the multinomial theorem to predict the probabilities of various

combinations of right and wrong answers in a group, TI-mas and Fink

assume that solutions of individijal members oF a group will not differ

from the solutions at which they would arrive working alone. According

to Thomas and Fink, this model should predict accurately "When the

individuals have essentially no influence upon one another, such as

when there is no interaction, communication, or interdependence among

the group members" (p. 53).

(Thomas and Fink present an additional model to handle the

case in which pressures to uniformity do exist within the group,

contrary to the assumptions of the independence model. Under the

'bonsensus model," the distribution of members' correct and incorrect

answers differs from that which would be found if they worked separately.

The consensus model follows the logic of majority or plurality rule:
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the group will adopt the solution favored by more members than any

other solution. Thus, individuals working together have a greater or

lesser probability of being correct than they would working separately,

as a function of whether the majority favors the correct solution or an

incorrect one.)

A second case considered by Steiner (1966) is that in which the

group's potential productivity is set by the competence of its most

able member. The "Eureka" task, whose answer is apparent to the

entire group when any one member discovers it, may be the most common

example of this task type; but any problem which cannot be easily

subdivided and which all members can attempt to solve individually,

falls in this category also. Steiner refers to this model as "disjunctive,

since the group has the ability. . .if at least one of its members

possesses the minimum ability required" (p. 227). Lessformally, he

calls this the "truth wins" situation, for its basic assumption is that

the correct solution (if present), or the best answer, will be recognized

and will become the group solution.

Two sorts of mathematical models may apply in this case. One

approach, taken by Ekman (1955), Lorge and Solomon (1955), and Taylor

(1954), considers ability to solve a problem as a dichotomous variable

(right-wrong); as developed by Lorge and Solomon (1955), this model

uses the binomial expansion to predict the percent of groups which

will contain at least one member capable of solving the problem. This

model requirsa that the experimenter koow the value of the parameters

P and Q, the proportions of individuals in the population who have

the ability to solve a problem, or do not have it, respectively. In

essence, it predicts that the probability that a group will have at

least one member who can succeed will increase as a negatively accelerated
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function of group size. The "rational modol" of rhomas and Fink (1961)

draws the same conclusion on the basis of the multinomial expansion,

which considers probabilities of one correct answer and several incorrect

alternatives (right, wrong,, wrong 2 ,. .. wrongn) being distributed in

various ways within the group.

A further extension of the ideas of the Taylor/Lorge-Solomon/

Ekman npproach is that of Davis (Davis, 1961; Davis & Restle, 1963;

Restle & Davis, 1962). This lire of rc-search presents a model for the

prediction of group solution times from individual data, incorporating

the "truth wins" notion of the above modals for the disjunctive case.

According to the "hierarchical model," group members who are unable to

solve the problem are "nonfunctional if. . .the zolvers suppress non-

solvers and form an intellectual hierarchy within the group" (Restle

Davis, 1962, p. 528). Thus, the group's solution time reflects the

time required by the group's most capable members.

(On the basis of their research Restle & Davis developed another

model for the more accurate prediction of group solution time, on

the assumption thet group members who cannot solve the problem still

consume part of the group's time; they participate in discussion,

although they do not contribute to the solution. According to Davis

(in press), this "Equalitarian Model. . .was intended to describe the

social process rather than serve merely as a baseline to determine the

efficiency of effort. In other words, the Equalitarian Model was an

attempt to account for the grcup performance decrement detected as a

basiline deviation in a number of similar experiments." The equali-

tarian model thus forsakes the "truth dominates" idea found in models

for Steiner's (1966) disjunctive tasks, and in some ways resembles

more closely tOe additive case for the prediction of solution time.)
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Perhaps more appropriate for present consideration (due to the

nature of the Hackman tasks and criterion measures) is a second sort

of model for the disjunctive task which treats problem-so'ving com-

petence as an intarval-scale variable (Steiner & Rajaratnam, 1961;

Steiner, 1966). Assume that this ability is normally distributed in

the population, and that groups of size n are randomly assembled from

this universe. Members of groups of size n = 4 will, on the average,

fall at the 80th, 60th, 40th, and 20th percentiles on the scale of

ability. Thus, the best member of a four-man group should, over a

number of cases, tend to be more competent than 1O of the persons

in the population. The larger the size of a group, the higher the

percentile at which its best member will probably fall.

Similar to the disjunctive type of task is one in which the

ability of the least competent member determines the potential for the

group. Steiner (1956) refers to th's case as the "conjunctive" task.

Discussion groups which require unanimous decisions exemplify the

conjunctive type of task: the group's obility to succeed demands that

every member be able to succeed. The statistical models appropriate

to; the disjunctive situation can easily be adapted to the conjunctive

case. For example, if problem-solving ability is treated as a continuous

variable, under the assumptions of random selection of n group members

from a normally distributed population, "the ith most comoetent members

of the groups will have an average level of competence which corresponds

to the (100 (n + 1 --i) th percentile score for the population"
n + I

(Steiner and Rajaratnam, 1961, p. 297). When potential gzoup pro-

ductivity depends upon the ith least competent member of the group,

this productivity will be a negatively decelerating function of group

size.
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Early comparisons of group and individual performance made

frequent use of tasks falling into Steiner's (1966) fourth category of

"compensatory" tasks. If every member of the group makes an independent

estimate of some true value, such as the number of beans in a jar or

people in an unknown town, the mean of these individual judgments will

typically be found to be more accurate than the majority of individual

judgments. The larger the number of people estimating this value, the

more accurate the mean of their judgments will tend to be, with the

reservation that judges be unbiased, or that biases be normally distri-

buted within the population from which the judges are randomly sampled.

Under these conditions, random error and/or biases in both

directions will tend to "compensate" for one another and cancel out,

so that the average value will tond to approach the correct value.

The standard error of the sample mean will give an indication of the

degree of accuracy to be expected from groups of various sizes:

C M ax ; where N denotes group size, and dx is the standard

deviation of individual judgments for the entire population of persons.

Finally, Steiner presents models applicable to tasks in which

one person performs only part of the entire task; the remaining

members apply their different resources to other subtasks. In such

"complementary" tasks, no one individual can complete the problem

alone; the various abilities of different group members "complement"

one another and permit the entire group to succeed. Mobdels are

presented for two distinct cases: a) the case in which group members

hold no resources in common (unshared resources), and (2) that in

which each additional member brings to the group some shared resources,

but also some unique capabilities (partially shared resources).



In a similar vein, the Lorge and Solomon (1955) treatment of

multi-stage problems in their "Model B" uses the "truth wins" notion

of the disjunctive task and the binomial expansion to predict the

probability of group success even though no 3ingle member may be able

to solve all stuges. Thus, Steiner's (1966) complementary tasks may

include multi-stage disjunctive tasks, on which the group will succeed

if it contains at least one member who can solve each stage.

Although these models seem intuitively to apply to the majority

of "realistic" problems used in small-group research, their application

requires that the experimenter know before a problem is solved the

specific abilities, items of information, or talents which will be

necessary for its solution. When the problem has a number of possible

solutions, each requiring a different complex of resources, (as do

the tasks utilized in the present research), this knowledge may be

quite difficult to obtain until after the problem is solved.

The Steiner (1966) models, as originally presented, concern

the problem-solving ability of individuals As related to ability of

groups of varying sizes to compose a product of high quality. Each

model is aesigned for a distinct type of task whose solution apparently

demands a different combination of these individual problem-solving

abilities. A direct test of the models, then, would require that a

battery of tasks be written to fit the psychological characteristics

described in Steiner's presentation, that groups of severai sizes

be used, and that quality or correctness of task solution be the

dependent variable of interest. Although such a direct test of the

models is important und probably quite a feasible undertaking, this

is not the main purpose of the present investigation.

Rather, this research focuses on (I) groups of n = 4, compared

with "groups" of n = I, and (2) the predictability of several cherac-
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teristics of group products, including quality (or "adequacy"),

from the same measures taken on individuals' output. Most of the tasks

written by Hackman and Morris appear to fit Steiner's "complementary

model;" thus, it would not be surprising if the additive model, for

example, were unable to predict group solution quality or adequacy

from the same measure on individual products. It is quite possible,

however, that other Qeneral (i.e., not task-dependent) characteristics

of a product may combine in ways not specified by the model which seems

to fit a particular task best. For example, the quality of presentation

of a solution may reflect the grammatical and stylistic ability of the

most competent member of a group, while the length of the same product

may, on the other hand, approximate an average of the lengths of in-

dividual products. For this reason, the present research will evaluate

the utility of several general models (averaging, "bast man," etc.)

for combining individual scores to predict group performance.

Psychological Dimensions

Steiner's (1966) presentation of several of the above models

is unique in that he proposes to infer the potential productivity of

groups of various sizes. As this implies, Steiner distinguishes between

"actual productivity, what the individual or group does in fact

accomplish," and "potential productivity, the. . .maximum level of

productivity that can occur when an individual or group employs its

fund of resources to meet the task demands of a work situation"

(p. 274). Two factors are seen to account for the difference between

actual and potential productivity: losses due t0 nonoptimal motivation,

and losses due to faulty coordinat.ion. Thus,

Actual productivity = Potential productivity - motivation
losses - coordination losses.
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To reiterate, these models are designed to predict. potentiaL pro-

ductivity; however, according to Steiner, "No attempt is made to

provide a complete or systematic treatmemt of coordination and mo-

tivation losses" (p. 275). Perhaps because of this lack of spwcifi-

cation of the means for assessing the losses due to poor coordination

or motivation, this aspect of the Steiner presentation has not yet, to

the knowledge of this writer, been empirically investigated. The

present research will thus direct itself to relatirg potential group

output (as predicted by various sorts of combining models) to the

performance actually observed, while exploring how the concepts of

motivation and coordination relate to these models.

This research has followed Zajoncls (1966) argument that

motivation involves physiological activation or arousal. Thus, for

present purposes, the "motivation" of a group or individual will be

indexed by various measures of overt activity leval.

A group is considered "coordinated" when the efforts of

individual members are smoothly and economically integrated in the

performance of a task, when interference among members is at a

minimum. Although coordination in this sense cannot be defined on

a single individual, an analagous concept is his efficiency in task

performance. Such a conceptualization of "coordination" is maintaineo

in the present research.

Summery of the Presen% Research

In conclusion, the research reported herein expiores the

following questions:

I. The predictability of group output characteristics from

data on individual task performance, considering both
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those dimensions which are independent of the specific

task (and thus generalizable to a wide range of tasks),

and the more frequently used task-dependent criteria of

adequacy and creativity.

2. The utility of several general inodels for this prediction,

considering each criterion dimension separately.

3. The applicability of the model,

Actual productivity = Potential productivity t Motivation

+ Coordination, including a consideration of the "meaning"

of motivation and coordination, using multiple measurements

of each.

4. The relationship between individual product character-

istics and those of group products.

5. The replicability of relevant previous results concerning

task type differences in product dimensions, using standard

tasks and instruments.



CHAPTZR II: PROCEDURES

A. Subjects

The Ss were 328 male undergraduates enrolled in the intro-

ductory psychology course at the University of Illinois. They

participated in the expe'iment a6 part of their required work in the

course during the fall semester, 1968,

Two hundred and eighty-eight of these Ss composed 72 four-man

groups in the main portion of the experiment, and the remaining 40

Ss were assigned to a Control condition, hereafter referred to as the

"I-I Series.

B. Design

The main portion of the experimental design included two

condition sequences (group-individual and individual-group) and three

task types (production, discussion, and problem-solving). Witnin each

combination of task type and condition sequence, four task orders were

used. Th- experiment included thzee replications in each condition

sequence-task type-task order cell.

The I-I series included one condition (individual-individual)

and one task type (problem-solving), with four task orders. The

ov'erall design is presentnd in Figure 1.
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Conditions and Sequences

The experimental design included two treatment conditions:

Individual coacting and Group interacting. During the two-hour

experimental session, each S in the main body of the experiment worked

individually for one hour, and with three other Ss in a four-man group

for a second hour.

One half of the Ss in the main portion of the design partici-

pated first individually, then in a group for the second hour. The

sequence of conditions was reversed for the other 144 Ss.

Since a main interest of the experiment was the predi!.tion of

characteristics of group output from knowledge of individual oroducts,

there was also some question about the stability of individual performance.

For this reason, 40 Ss were assigned to a Control condition in which they

worked for two hours in the Individual treatment. Because of the compara-

tively small number of Ss in this condition, al.l Ss completed tasks of

the same type. Order of specific tasks was varied as it was within the

larger experimental design.

Tasks

The experiment made use of twelve tasks taken from a pool of

standard tasks developed by Hackman (1966) for use in small-group

research. The tasks are intellective rather than manipulative, and

require a written product; they are suitable for either individuals or

groups. According to Hackman, the tasks are of three types: "production

tasks. . .involving the presentation of ideas or imam ; discussion tasks

involve evaluation of issues; and problem-solving tasks involve instruction

with respect to some overt actions" (1966, p. 70). Past research

(Hackman, 1965a, 1966; Hackman & Jones, 1965) has shown that products

sf each task type show a characteristic Profile on six dimensions
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daveloped for the measurement and comparison of written products.

From the 108 tasks in the Hackman pool, four tasks of each

type were selected for use in this study. Within each task type, the

four tasks were chosen which best represented the profile characteristic

of that task type, as determined by the multiple di3criminant analysis

performed by Hackman (1966). The difficulty level of the tasks, as

described by Ha-kman, varied within each task type, but the three types

were comparable in range of difficulty and average difficulty level. The

tasks and questionnaires used in tho presant research are presented in

the Appendix.

C. Experimental Arrangements

Experimenters

The magnitude of this study required the use of several Es,

each trained in administering Individual and Group experimental

conditions. Es included several male and female graduate students and

three male undergraduate research assistants. Within scheduling limi-

tations, male and female Es were balanced across both conditions and all

three task types, To avoid confounding possible experimenter effects

with condition effects, no experimentei administered both conditions to

the same group.

Administration

The typical experimental session was two hours in length and

involved four groups of four male Ss each. Ss were met at the experi-

mental room by one of the Es, who introduced himself and assigned Ss

to groups. The E explained that they were participating in a study of

group versus individual problem-solving, after which the two four-man

groups assigned to the group-individual (C-I) sequence were escorted
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to smaller experimental rooms by two other Es for the first hour of

ths session. The two groups assigned to the individual-group (I-G)

sequence remained in the original experimental room for the first hour.

Occasionally S absences prevented the completion of four

four-man groups. Any group containing less than four men was assigned

to the Control condition, and worked two hours in the Individual

treatment. Like the four-man groups in the main part of the experiment,

these Ss generally moved to another experimental room for the second

hour of work, and werw directed by a different E during the first and

second hours.

Individual Condition: The four man in a group sat at three

sides of a long table, with the fourth side facing the E who was thus

able to observe their activity during the hour. Each man was assigned

a letter (A,B,C,D) for purposes, of identificaticn, and this letter

appeared in front of him on a small place-card.

Each man was given a five-minute warm-up consisting of three

tasks to be read and rated on interest, familiarity, difficulty, and

preference. These tasks were selected from the Hackman task pool, and

were not used again during this experiment.

At the end of the five rminutes, or when all Ss had completed

the warm-up, each man filled out a questionnaire on which he rated

himself and each other man in his group on seven-point scales designed

to assess ganeral activiVy and task activity. In addition, he indicated

his confidence in these judgments on another seven-point scale. This

questionnaire was identical to that used after each experimental task

in this condition, and was inserted after the warm-up in order to alert

Ss to the activity of the other men in their groups.
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Ss then began the first of tuo experimental tasks. ..ach S

received a task card and two sheets of paper on which to record his

written product. Ss were told they would have 15 minutes in which to

complete tne task, and were given a signel to begin working individually

on it.

During the 15 minutes allotted for the firat task, the E

noted the behavior of each S in a group at one-minute intervals. If

a man finished the task before the 15 minutes had elapsed, he signalled

the E, who recorded his completion time. No one was allowed to proceed

to the next task in the axperiment until all Ss had finished, or until

the end of the 15-minute period.

At this point each man completed another copy of the questionnaire

which had been given after the warm-up, on which he evaluated the behavior

of himself and the other men in his group. The E also rated each man in

each group on general activity and task performance. The Ss then pro-

ceeded to the second experimental task, the behavior observation during

the task and post-task ratings by j and by S_ were repeated for this

task, and completed the activity in the Individual session.

Group condition: Having been escorted to a sm6±ler experimental

room by an E, the four men in a group took their seats around three

sides of a small table, with the fourth side facing the E who was seated

behind &nother table at the other end of the room. U!ý the wall oshind

the men were small signs lettered A,d,C. and D; each man sat in front

of the letter which identified him. (He was assigned the same letter

during both hours of the experiment.)

The E told the group that they would solve two tasks as a group

during the hour, and that from time to time he would photograph them as

a record of their activity, They were also told that the session would
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be tape-recorded.

The men were then given one cony of a warm-up task like that used

in the Individual condition, but containing different sample tasks.

They were told that they would have five minutes in which to complete

this warm-up, and that it should be done as a group effort. It was

explained that this task was incluHed in order that they might become

accustomed to the instrumentation in the room, and to working as a

group. Finally, they were asked to signal the E if they completed the

warm-up to their satisfaction before the end of the allotted five

minutes.

At the end of the warm-up, each S completed a questionnaire on

which he rated the general behavior and task performance of himself and

each other man in his group on seven-point scales. He also rated the

group as a whole on similar scales designed to measure the group's

coordination on tha task and its activity-motivation. (During some

sessions, this questionnaire was omitted after the warm-up task only

if time was shurt, It was felt that this was the least disruptive way

of shortening the Group se;sion, since qs felt less hesitant in the

Group condition than in the Individual session to evaluate their

fellow group-members without prior knowledge that they would be asked

to do so.)

Next the group proceeded to the first experimental task.

Members were given one task card and one task sheet upon which to write

their product. Four pens were available so that any one of the men

could write. Ss were told they would have 15 minutes in which to

complete the task, and they should signal the E if '-ney finished the

task before the allotted time. The E then turned on the tape recorder,

resumed his seat, and signalled the group to begin. While the task was
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in progress, the E photographed the group three times during the first

five seconds of each minute. A Hunter timer signalled the beginning

and the end of this five-second span. The E also recorded which man or

men had spoken during the five-second interval.

At the ead of 15 minutes, or when the Sh indicated that they

had completed the task, each man filled out another copy of the

questionnaire given after the warm-up. On a simi.lar questionnaire the

E made the same judgments about the general activity and task per-

formance of each 5 and of the group as a whole; he alsc indicated which

man or men had taken the roles of leader, scribe, inz...tive member and

active member.

The group was then given a second experimental task. Procedures

for tape recording, photographing, and rating remained the same as for

the first 15-minute task.

Both conditions: At the end of the first hour the groups

exchanged rooms and conditions, so that those who had worked individually

now worked as a group, and vice versa,, At the end of the second hour,

each S completed an additional questionnaire on which he indicated

which condition he preferred, and which of his fellow group members, if

any, he would prefer to work with were he to perform similar tasks in the

future. Ss were then told in greater detail the aims of the study,

and were given an opportunity to ask questions about the experiment.

I-I Series: In this condition, procedures were identical to

those for the Ss in the Individual condition. At the end of the first

hour, I-I Series Ss moved to another experim3ntal room and the same

procedures were repeated by a second E. As indicated above, all I-I

Series Ss performed th3 same four problem-solving tasks; four task

orders were rotated across the groups in this condition,



CHAPTER II: CODING OF DATA

A. Group Product Measures

The data of main interest in this ixperiment are the 720

products generated by the 72 groups under Group and Individual

conditions. Each group provided two written products, and each of

its four members completed two more p.oducts individually. In addition,

each of the 40 Ss in the I-I Series contributed four products to the

total pool of 880

Following Hackman (1966), two types of measures were used to

describe characteristics of these products:

(a) general dimensions on which a product can be judged

without knowledge of the requirements of the task to

which the product is a response; ano

(b) task-dependent dimensions, for which the judge must be

familiar :•ith the actual requirements of tha task.

Six general dimensions were derived by Hackman (1965) as a

systematic means of measuring and comparing characteristics of written

group products from numerous and varieri tasks. These dimensions are

Antion Orientation, Length, Originality, Outlook (positive/negative),

Quality of Presentation, and Issue Involvement. The development of

these dimensions and the three scales which define each of them are

described in detail by Hackman and Jones (1965) and by Hackman (1966).

26
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Two task-dependent dimensions, Adequacy and Creativity, were

also used by Hackman (1966) to characterize group products. Although

Hackman's data indicate that these two scales relate 18o3 strongly to

task type than do the six general dimensions, they were included in

the present analysis since they resemble the criteria on which products

of group interaction are generally evaluated (Hoffman, 1965).

Rating of Products

In preparation fo- product rating each hand-written product

was first typed onto a standard product rating sheet to eliminate any

possible biases due to handwriting. The typist was instructed to make

three duplicate copies of each product, and to cooy the product exactly

without making any corrections in spelling, punctuation, or grammar.

The 720 products from the main body of the design uere divided

into three sets of 243 products each, arbitrarily labelled product

sets J, K, and L. This division resulted in product sets small enough

to be rated in one 2j to 4-hour session, yet as few product sets

as possible, so that changes in the raters' frames of reference between

product sets might be minimized.

The three product sets were composed by randomly selecting for

the first set, products from one group in each cell of the design;

a cell contained three replications of a task order by condition

sequence by task type combination. (See Figure I.) Thus, individual

and group products from one replication appeared in product set J,

while products from the other two replications appeared in sets K and L.

Each of the three product sets contained both individual and group

products, from three task types, two condition sequences, and four task

orders. All 160 individual products generated by 3s in the I-I series

were included in a fourth product set.
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Using the carbon copies of each task, each product set was then

divided into three identical sets, foe example, Jl, J2, and J Since

ratings were recorded directly on the product rating sheets, this pro-

cedure permitted three judges to rate each product on a given scale

without discovering the rating given that product by another judge.

General Dimensions

A total of 15 undergraduate judges was used In the entire rating

procedure, with three judges rating each scale. With few oxceptions, a

judge rated all product sets on any scale for which he was trained. No

judge rated more than one scale withii a dimension, to avoid spurious

inflation of existing correlations among scales within a dimension. To

mini nize any differences in rating which might be due to sex of the

judge, no more than two raters of the same sex were assigned to any one

scale.

For the general dimensions, the rating procedure followed the

general method devised by Hackman and Jones (1965) and used by Hackman

(1966). The training procedure consisted of a careful reading of a

two or three paragraph description of the meaning of the scale, after

which the rater sorted a series of 13 sample products on that scale.

His sort was then compared with a criterion sort prepared by Hackman at

the time tVe original scale d~escriptions were written. Any discrepancies

between the rater's sort and the criterion values were resolved by a

discussion with the trainer concerning the interpretation of the scale.

Occasionally, disagreements of two categories (on a seven-point scale)

were tolerated, when it was determined that they resulted from an actual

difference in judgment rather tnan from a misinterpretation of the meaning

of the scalg. At each rating session the judge repeated the practice sort
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e'nd compared his sort with the criterion to recall the necessary frame

of refersnce.

The actual sorting procedure involved separation of the products

in a set into three categories of "high," "medium, neutral, or conflicting

evidence," and "low" with respect to the scale in question. The two

extreme piles were then sorted into twi subcategories each, and the

middle group was divided into three subcategori3s. This procedure

resulted in seven categories, which were then reviewed to be certain

that differences actually existed between categories five and six, and

between two and three.

Although the task and rating methodology in this research

followed that reported by Hackman (1966), some changes were made:

1. Since his 1966 publication, Hackman has simplified his

original sorting procedure to the form described above. He indicates

(persona'. communication) that results are comparable tu those obtained

with the earlier, somewhat more complex procedure. The eariier sorting

procedure is described in Hackman and Jonas (1965).

2. According to Ha.ckman (personal communication), three scales

seem to be sufficient to define each of the six general dimensions,

although four scales wwre used in the original research.

3. Only one ratei was assigned to the "operational" scale,

"Number of Words," as the small increase in accuracy which might have

been gained by ýhe addition of two more raters was n-t expected to

justify the additional time this rating would have required.

4. Although five judges were utilized in earlier research,

Hackman (personal communication) has indicated that three judgments

provide sufficient stability for further analyses.
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Task-de-)endant Dimensions

The rating process for Adequasy and Creativity wis revised

somewhat from the original Hackman procedure. A total of 11 judges was

used, with three judges rating each product set. Judges included the

Es, who already were familiar with requirements of the various tasks,

and six undergraduate judges who had rated the general dimensions.

Before rating a product set on Adequacy or Creativity, a judge

read through a one-page description of tlhe meaning of the scale, and

one copy of all tasks included in the product set he was to rate.

He discussed the scale and the rating procedure with a trainer before

beginniog the rating.

The actual sorting procedure was like that used with the

general dimensions, with two exceptions. The product set was separated

according to task so that a judge sorted all products from one task

into three piles before proceeding to another task. In addition,

before rating any products from a given task, the judge carefully read

through the task itself, noting its specific requirements. Having

separated all products into "high," "medium," ano "low" categories,

he reread thb tasks and products, separating the "high" and "low"

products into two subcategories, and dividing the middle pile into thrca

sections, The rating procedure was designed to result irt judgments

along a seven-point scale of adequacy and creativity scores, both

within a s•Ie task and across tasks. That is, the center pile

(number four) should have contained products from several tasks, all

of equel adequacy or creativity with respect to the particular require-

ments of the tasks which gave rise to them. Descriptions of the Adequacy

and Creativity scales, including the directions given to raters on these

scales, may be found in the Appendix,
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B. Event Records

In the Individual condition, the E noted the behavior of each

individual at one-minute intervals. From these observations, the moti-

vation score for bach man was the proportion of entries which fell in

categories other than "bored, no activity." His efficiency or coordination

score was taken as the proportion of entries indicating task behavior.

In the Group condition, event recording included both photographs

and tape recordings. From the photos and the cameraman's form an

activity score was computed for each man by totalling the number of times

he spoke during the session, and the number of eLtries for, him in

categories "writing," "hands/arms move," "body moves," and "head moves."

A more detailed ciscussion of the method of viewing films and deriving

scores is presanted in Stapert (1969).

Fcr each task performed by a group, the tape recording was

rated by undergraduate assistants using a time-sampling procedure.

Ratings were made.: of five-second intervals one minute apart, for the

duration of the task. The average number of speakers per interval was

used as an index of motivation or activity; an inverse measure of

activity was the proportion of totil entries which were rated as

"silence." The difference between the number of entries which were

rated "about task" versus "not about task," divided by the total number

of ratable entries, served as an indication of coordination.

Finally, the proportion of entries during which speakers over-

lapped or interrupted each other ,!os taken as a measure of lack of

coordinaticn. Measures derived from the tape recordings were expressed

as proportions of the total number of entries since gzuups varied

considerably in the number of segments sampled due to the fact that

their completion times varied from two tc fifteen minutes.
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C. Self-, Peer-, and Observer-Ratings

After each task in the Individual condition, Ss rated themselves

and each other man in the group on activity; these self- and peer-ratings,

in addition to similar ratings made by the E, served as indices of

individual motivation. Ratings on a scale measuring task activity were

used as measures of coordination or efficiency in the Individual

condition.

Post-task ratings in the Group condition included self-,

peer-, and observer-ratings, of each man in the group, and of the group

as a whole, Ratings on two scales assessing amount of talking and

irvement were combined to yield one index of motivation for each man

in the group. An additional scale concerning interest in group activity

was also used to indicate individual motivation. A single item,

"Functioned smoothly in group's task performance/ Obstructed group's

task performance," was designed to measure the coordination attributed

to each man in the group.

The coordination of the group as a whole was estimated by the

scale "Pooled resources smoothly in task performance/ Confusion in

task performance," and a final sca½e indexed the activity level or

motivation of the group.



CHAPTER IV: RESULTS

A Preliminary Investigations of the Data

The central data in the present research consist of ratings

of products on general and task-dependent dimensions. Since this

experiment follows closely the Hackman (1956) methodology, it is of

some interest to establiLh the comparability of these data to those

of Hackman.

Reliabilities of Product Ratings

Table I presents the average intercorrelation among the three

raters on each scale, which is taken as an indication of the reliability

of ratings on the scale. These values range from .27 to .87 with a median

average intercorrelation of .51. Table I also reports reliabilities of

the average rating of all judges for each scale; these rsliabilities

fall between .77 and .98 with a median value of .90.

Table 2 presents reliabilities for single scales reported by

Hackman (1965) and the number of ratings on which these reliabilities

are based. For purposes of comparison the table also reports reliabili-

tips of product ratings in the present experiment, aGjusted to the

number of ratings used by Hackman.

Reliabilities reported by Hackman represent ratings of 432

products, four from each of 108 groups and 108 tasks. In contrast,

figures in the present study are based on ratings of products from only

12 tasks; both individual and group products are represented in these

product sets.

33
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Table 1

Reliabilities and Adjusted Reliabilities
of Product Ratings on 20 Scales

Dimension or Scale Average Intercorrelation Adjusted
among Three Raters Reliability

I. Action Orientation
Suggests action .68 .95
Constructive .60 .93
Passive .42 .87

II. Length
Short 187 .98
Number of wordsa
Lacks detail .77 .97

III. Originality
Bizarre .44 .8e
Not unusual .56 .92

Original .51 .9g

IV. Outlook
Positive Outlook .46 .86
5upportive .37 .B4
Disapproves .32 .81

V. Quality of Presentation
Choppy .61 .93
Stylistically well-integrated .40 .85
Understandably presented .27 .77

VI. Issue Involvement
Low issue involvement .53 .91
Propagandistic .55 .94
States a belief .73 .96

VII. Adequacyb .49 .90

VIII. Creativityb .49 .90

a TiThis is an "operational" scale involving counting the number of
words; since only one rating was used, no reliability data is presented.

bThese are task-dependent dimensions, each defined by only one

scale.
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Table 2

Comparison of Present Reliabilities with
Those Reported by Hackman (1966)

Low@
Dimension or Scale Hackman Reliability Reliability

(Adjusted)

I. Action Orientation
Suggests action .95 .91
Constructive .96 .88
Passive .93 .78

II. Length
Short .98 .97
Number of word3 a
Lacks detail .90 .94

III. Originality
Bizarre .90 .80
Not unusual .90 .86
Original .90 .84

IV. Outlook
Positive outlook .83 .81
Supportive .86 .75
Disapproves .84 .70

V. Quality of Presentation
Choppy .88 .89
Stylistically well-integrated .75 .77
Understandably presented .80 .65

VI. Issue Involvement
Low issue involvement .86 .85
Propagandistic .87 .90
States a bellof .91 g93

VII. Adequacyb .91 .94

VIII. Creativityb .90 .96

Note.--Hackman values are the projected reliabilities of the
average rating of 5 judges, for all scales except Adequacy and Creativity.
Hackman used 16 and 25 raters for these two scales, respectively. Lowe
values are average intercorrelations projected to the number of raters used
by Hackman.

aThis is an operational scale; no reliabilities are given.

bThese are task-dependent dimensions, each dafin9d by only one

scale.

L.
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Effects of Task Type, Condition Sequence, and Task Order on Product
Dimensions

A second type of preliminary analysis was performed (1) to

examine further the comparability of the present data to those of

Hackman (1966), and (2) to determine the cells of the design from

which data might be combined in the prediction of group performance.

Following Hackman, ratings were averaged across three raters per

scale, and across the three scales composing each general dimension,

to y/ield eight scores for each product: six general uimensions

(Action Orientation, Length, Originality, Outlook, Quality of Presen-

tation, and Issue Involvement), and two task-dependant dimensions

(Adequacy and Creativity). A ninth dependent variable, Time to

Solution, was analyzed in the same fashion as the eight product

dimension scores.

Previous research (Hackman, 1965a, 1965) has shown task type

to be a potent variable in determining values of product dimensions.

Therefore, it was anticipated that the present experiment would

replicate the product dimension profiles reported by Hackman for

production, discussion, anJ problem-solving tasks. Furthermore,

since the design of this research counterbalanced two condition

sequences (group to individual and individual to group) and four task

positions (first, second, third and fourth), it was necessary to

determine what effects these variables might have upon product dimen-

sion scores. If condition sequence and task order were found not to

alter signifi-antly. the values of the dependent variables, then levels

of these variables could be combined to yield larger sample sizes for

later analyses. The analysis of variance design used to test effects

of th9se three variables is illustrated in Figure 2.
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A given four-man group performed tasks of only one type, and

worked in only one condition sequence. However, the design incorporates

repeated measures on the variable of task order, since the four men in

a group did perform one task in each of the four serial positions. (As

indicated on Figure 2, for individual-to-group subjects, tasks one and

two were parformed individually while tasks three and four were group

tasks. 0.; the other hand, subjects in the group-to-individual condition

sequence worked as groups ri tasks one and two, and individually on

the third and fourth tasks.)

W- I every task porformLd by a group yielded only one product,

the same fo. men working on a task in an Individual session generated

four products. For this reason, the four individual scores for a given

task were combined so that one representative score could be contrasted

with a product score for the same men working in a group. Three different

combinations (minimum, maximum, and average) were suggested by models to

be tested in later analyses. Thus, a three-way analysis of variance of

the type described above was performed for each of nine dependent

variables (eigh, product dimensions and time), and for each of three

forms of individual data. Nine analyses of variance took, as individual

data, the minimum score within a coacting group. A second nine analyses

used the maximum of four individual scores, while the final nine

analyzed the average of the four scores. A total of 27 analyses of

variance were performed. The following sections report similarities

between the present data and those of Hackman (1966), supporting

generalization among the two studies. These results also pertain to

the question of which portions of the data should or should not be

combined in later analyses aimed at predicting characteristics of

group performance from individual data. A more detailed presentation
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of results from these analyses of variance, including complete summary

tables and tables of means, may be found in the Appendix.

Task type: For all product dimensions except Adequacy,

hackman (1966) reports significant differences (p< .01) in product

dimensions as a function of task type, The main effects of task type

on the nine dependent variables in the present experiment are summarized

in Table 3. The table presents values of F and significance levels

for the main effects of task type in the 27 onalyses of variance

described above. Of the 27 values, all show statistical significance;

23 indicate differences significant at less than the .001 level.

These strong and consistent differences in all nine dependent

variables as a function of task type have implications for later analyses.

The prediction of group product charactaristics from individual d.-I

within task type may give additional information which would be obscured

by an analysis of the combined data from all three task types.

Means and standard deviations of group products on the nine

dependent variables are presented in Table 4. The table also contains

mean values reported by Hackman (1966) for three task types on the

sight product dimensions, for purposes of comparison with data from

the present research,

The patterns of means from the two studies are quite similar,

although values obtained in this research are generally lower th~n

those of Hackman. In the present experiment, the rank order of task

types roplicates that reported by Hackman on five of the cight product

dimensions. Two of the three dimensions on which this rank order i5 not

duplicated (Outlook and Creativity) involve inversions of two means which

differ by less than .5 of A scale value in the original Hackman research.

Although in 10 celzi the :tickn-i means are more tnn one sz~ndard
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Table 3

Value3 of F for Main Effect
of Task Type oh Pline Dependent Variables

In Analyses Using Three Types of Individual DOta

Minimum Maximum Average
Individual Individual Individual

Score Score Score

Action Orientation 1805.80*** 1999.94*** 2441.77***

Length 9.71*** 5.99** 7.91***

Originality 17?. 15*** 106.5gW** 180.33***

Outlook 22.39*** 3. 59*** 3g.7"**

Quality of
Pres6ntation 12.I0*** 17.44*** 15.13***

issue Involvement 630.61*** 670.54*** 780.87**

Adequacy 3.78* 6.19** 6.27**

Creativity li.i1*** 14.61*** 14.55***

Time ti Solution 9.80*** 14.06*** 12.63**

* (CO•

**p 4 .01

***p < .001
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Table 4

Comparison of Lowe and Hackman (1966)
Product Dimension Means for Group Products

of Three Task Types

Production Discussion Problem-Solvin
Lowe Hackman Lowe Hackman Lowe Hackman

General Dimensionsa

Action
Orientationb 1. 7 2 d 2.75 2.74d 3.95 5.89 5.81

a=.23 O'=.39 (-.40

Lengthb 3.53 4.73 2.72 3.59 2.25 3.18
:=1.30 o :.95 or:4. 02

Originalltyb 3.80 4.76 2 . 0 6 d 2.72 2 . 0 3 d 2.49
e,,.'02 0 =. 43 I,;. 41

Outlook 3.79 3.88 4.37 4.13 4. 2 9 d 4.64
C=.54 2=.52 0=.23

Quality of d
Presentation 3.45 5.07 4.13 4.38 3.54 3.77

0'=. 81 1=.98 9 =.79

Issue Involvementb 1 . 6 6 d 3.06 4 . 6 2 d 5.39 2 . 2 6 d 3.91
C=.23 0:.67 02 =.65

Task-Dependent
Dimensions 8

Adequacy 4.51 5.11 3.54d 4.97 4.22 5.10
0 ..82 0=.88 0":. 95

Creativity 3.32 3.U9 2.61 2.44 2.11 2.77
':=l. 00 (),:.74 0":.88

Time to 3o0Ltionc 13.34 13.31 10.85
C=2.09 0"=2.66 0=2.66

Note.--Hackman (1966) does not report standard deviations.

aScales for these dimensions run from I tu 7.

bjimensions on which task types follow the same rank order in Hackman

data and in oresant stuJy.

CThij variable was not included in the original Hackman research.
Values are if- minutes; maximum possible time tj solution = 15.00 minutes.

dc*lls in which Lowe means are more than 47 from original Hackman

means.
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deviation from comparable means in the present data, eight of these

cases occur on dimensions on which the rank order of task types is

replicated.

Condition soauance. The main effect of condition sequence

show- statistical significance in only four of 27 analyses of variance,

as indicated in Table 5. The table presents values of F and signifi-

ca.ice levels fto analyses of nine dependent variablas, using three

types of individual data.

Three of the four significant F values occur on the three

analyses of one dimension, Originality. With the additional exception

of Outlook wien minimuT scores orovide the individual data, the sequence

in which Ss coMoletS the Individuai and Group sessions does not signifi-

cantly affect product dimensio., scores on Time to Solution. Values of

means corresponding to the significant differences on the dimensions of

Originality and Outlook are presented in Table 6.

Ss who wGrk fi At as individuals and then in groups generate

products whi-h are significantly more original than those produced by

Ss in th-' group-to-individual condition. This main effect of

condition sequence nccurs regardless of the type of individual data

(I.... MUM, maximum, o- average) used; since it is a main effect, it

includes all ts'' types, and both individual and group datz.

The significant main effect uf condition sequence in the

"minimum" analysis indicatec that the lowest individual score within

a group, and the group's score, are significantly more positive in

Outlook for the products of Ss in the group-to-individual sequence

than for Ss in the individual-to-group condition.

T.ak order: Table 7 presents F values and significance levels
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Table 5

Values of F for Main Effect of Condition Sequence
on Nine Dependent Variables

Using Three Types of Individual Date

Minimum Maximum Average

Individual Individual Irdividual
Score Score Score

Action Orientation .08 .23 .18

Length .35 1.95 .99

Originality 4.00* 6.20* 5.09*

Outlook 5.72* 1.63 2.84

Quality of
Presentation .48 .26 .48

Issue Involvement .26 .11 .15

Adequacy .02 .18 .39

Creativity .98 2.24 1.30

Time to Solution .04 .02 .08

*p c .05
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Table 6

Means

for Originality (Three Analyses) and Outlook (One Analysis)
for Two Condition Sequences

Individual to Group Group to Individual
SrSequence Sequence

Means Means

Originality
Minimum

Individual 2.54 2.39
Score

Maximum
Individual 3.36 3.08

Score

Average
Individual 2.90 2.71
Score

Outlook
Minimum
Individual 3.74 3.93
Score
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Table 7

Values of F for Main Effect of Task Order
on Nine Dependent Variables

Using Throe Types of Individual Data

minimum Maximum Average
Individual Individual Individual

Score Score Score

Action Orientation 1.16 .85 1.01

Length .27 1.07 .54

Originality .67 .36 .42

Outlook .16 1.28 1.04

Quality of
Presentation .82 1.34 1.21

Issue Involvement .13 .47 .15

Adequacy .82 .81 .51

Creativity .83 1.86 1.24

Time to Solution 2.48 2.68* 2.57

*p (.05
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for the effacts of tasý order on nine deoendent variables, when three

kinds of irdi, dual scores are used in the analyses of variance.

A significant difference as a function of task order occurs

in only one of the 27 analyses of variance, that which uses the maximum

individual score on Time to Solution,* The general lack of significant

differences as a function of ,ask position suggests that data from

different serial positions may legitimately be combined in later analyses.

Comparison of Individual with Group Data

Although the analysis of variance design does not permit extraction

of a main effect for the difference between group and individual products,

it is of some interest to comoare the two. Post-hoc comparisons have

been used to test tOe significance of the differences between the cell

means containing individual products and those involving the products of

groups, as indicated in Figure 2 (see page 37).

In the design, ;ariance due to the difference between individual

and group products apijears in the interaction term for condition sequence

x task order. In each analysis of variancu in which this interaction was

shown to be sign:.Cicant by the F test, a comparison was performed to

determine if thi3 s2,gnificance might be due to the difff3rence between

individual and group products, Table 8 presents F values and their pro-

bability levels, and toe significance levels of the corresponding com-

parisons, by dimension and type of individual data involved.

The condition sequence ý task order interaction showed statistical

significance in 21 of the 27 analyses of variance. In 14 of the 21

corresponding comparisons, irdividual and grouo proiucts were significantly

*The means for the significant comparison, maximum individual

scores on lime to Soltior, were 13.19, 12,70, 12.10, and 12.16 minutes
for the 1st, 2nd, 3id, and 4th tasks respectively,
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Table 8

Significance Levels for Comparisons of
Individual and Group Products for Analyses with

Significant Condition Sequence by Task Order Interaction

F Value and Significance Level for
Dimension and Type Significance Level for Individual-Group
of Individual Data C.S. by T.O. Interaction Comparison

Action Orientation:
Minimum Individual Score 11.08 p<.001 p<.Ol
Maximum Individual Scure 10.54 p <.O01 p< .01

Length:
Maximum Individual Score 89,47 p< o001 p< .01
Average Individual Score 31.47 p< .001 p< .01

Originality
Minimum Individual Score 2.63 p< .05 ns
Maximum Individual Score 27.16 p. .001 p< .01
Average Individual Scors 3.12 p< .05 ns

Outlook,
Minimum Individual Score 20.22 p- .001 ns
Maximum individual Score 32.52 pt .001 ns

Quality of Presentation:
Maximum Individual Score 59.52 p< .001 p< .01
Average Individual Score 19.06 p< .001 p.4 .01

Issue Involvement.
Maximum Individual Score 51.08 p< .001 p< .01
Average Individual Score 13,31 p< .001 p< .01

Adequacy,
MinLmum Indijidual Score 7.47 p. .001 ns
Maximum Individual Score 42,61 p< A001 p .01
Average Individual, Score 4,13 pC .01 ns

Creativity:
Minimum Individual Score 3.31 p< 05 ns
Maximum Individual Score 81.75 p< .001 p <.Ol
Average Individual Score 14.78 p< .001 P< .O1

Time to Solutions
Minimum Individual Sccze 43,35 p< .001 p .0L
Averags Individual Score 11.69 p< '001 p< .01
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different at the .01 level. Table 9 presents mean values for individual

and group products in the analyses in which comparisons were performed.

Sets of means which led to significant comparisons are .ndicated by an

asterisk.

Consideration of Individual-Individual Ss

The present experiment included 40 Ss who performed for two

hours in the Individual condition, rather than for one hour as individuals

and one hour as groups. Thess Ss were incorporated into the study as a

means of investigating the consistency of individual performance over a

two-hour span; if individual output itsqlf changes significantly and

unpredictably during that period, the prediction of group performance

from individual performance over the same time span would seem difficult.

Two types of analysis were conducted to investigate this question.

Comparison of I-I Ss with G-I and I-G Ss: A two-way analysis

of variance design was used to compare I-I Ss with those who worked

under both Individual and Group conditions. Subject population

(I-G or G-I versus I-I) and task order (first versus second, or third

versus fourth) are the two factors in the design, which includes

repeated measures on the second factor. Since the I-I Ss worked on

problem-solving tasks, the comparable I-G and G-I Ss are those assigned

to the same task type. Only their individual data are included in the

analysis since the I-I 3s did not work in the Group condition.

For the first two tasks completed by the I-I Ss, the appropriate

cr,,arison data are those from the I-G Ss, who worked on the first two

tasks as individuals. Simi.larly, the third and fourth tasks for the I-I

.2 are comnared with the individual data for G-I Ss, who completed the

third and fourth tasxs as individuals. Two seoarate but comparable sets
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Table 9

Mean Values of Individual and Group Products
for Analyses with Significant Interaction of

Condition Sequence and Task Order

Dimension and Type Mean Mean
of Individual Data Individual Scores Group Scores

Action Orientation:
Minimum Individual Scorea 3.02 3.42
Maximum Individual Scorea 3.81 3.42

Length:
Maximum Individual Scorea 5.31 2.84
Average Individual Sco:ea 4.26 2.84

Originality:
Minimum Individual Score 2.31 2.63
Maximum Individual Scorea 3.82 2.63
Average Individual Score 2.93 2.63

Outlook:
Minimum Individual Score 3.52 4.15
Maximum Individual Score 4.82 4.15

Quality of Presentation:
Maximum Individual Scorea 5.14 3.71
Average Inoividual Scorea 4.49 3.71

Adequacy:
Minimum Individual Score 3.43 4.10
Miximum Individual Scorea 5.57 4.10
Average Individual Score 4.54 4.10

Creativity:
Minimum Individoal Score 2.24 2.62
Maximum Individual Scorea 4.68 2.62
Average Individual Scorea 3.43 2.62

Time to Solution:b
'Minimum Individual Scorea 8.63 12.50
Average Individual Scorea 10.67 12.50

aCases in which comparison is significant ot pc .01.

bThe figures for this dimension represent number of minutes.
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of nine analyses of variance (one for each dependent variable) were

the-afore performed, as illustrated in Figure 3.

Table 10 sL.,nmarize• results of the 13 analyses of variance which

pertain to the comparability of the two subject populations (I-I and I-G/G-I).

The table presents mean values for both subject groups on the nine dependent

variables, along with values of F and significance levels for the main

effects of subject population,

Products of I-I Ss do not diffar significantly from those of Ss

in the main design on the dimensions of Action Orientation, Length,

Originality, Quali,:y of Presentation, or Creativity. However, on four

dimensions the two subject populations do show mean differences which

are significant at the .01 level or less. In three of these four cases

(OutlooK, Issue Involvement, and Adequacy) a significant difference occurs

in both analysis I and analysis II; since the two analyses may be inter-

preted as replicatiorhs of each othe-, this is a strong indication that

the obtain&c. differences are not merely chance results, but in fact

represent actual differences between products of the two groups of Ss.

On these dimensions, then, conclusions based on data from the I-I Ss have

limited population generalizobilityo

The main effects of task order in the 19 analyses are summarized

in Table 11, which presents mean dependent variable scores, values of F,

and levels of significance for thiese values.

In oniy four of the 18 analyses is there a significant effect

of task order. In all four cases, significant differences occur between

the first and second tasks; Ss take more time and write longer products

of better quality and greater creativity on their first task than on

their second. There are r-o significant differences between the third and

fourth tasks.
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ANALYSIS I:

I-I Ss I-G Ss

Task 1 N = 40 N = 48

Task 2 N = 40 N = 43

ANALYSIS II:

I-I Ss G-I Ss

Task 3 N = 40 N =48

Task 4 N = 40 N 48

Figure 3. Design for Analysis of Variance of the
Effects of Subject Population and Task
Order on Nine Dependent Variables.
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rable 10

Mean Values of Nine Dependent Variables
for Two 3ubJect Population3, and Corrpjponding F Values

I-I mean I-G or G-I Mean Value of F
Variable N=40 N=48

Action Orientation I 5.62 5.66 2.39
Action Orientation II 5.R7 5.80 .71

Length I 4.11 4.27 .45
Length II 3.33 3.51 .57

Originality 1 2.24 2,28 .12
Origin.lity II 2.26 2.19 .20

Outlook I 4.11 4.45 9.93*
Outlook II 4.15 4.44 I0.86*

Quality of Presentation I 4.69 4.84 1.10
Quality of Presentation II 4.35 4.52 1.18

Issue Involvement I 4.30 3.46 23.99**
Issue Involvement II 3.81 3.16 9.75*

Adequacy I 5.16 4.62 9.87*
Adequacy II 5.06 4.47 12.46*

Creativity 1 3.06 3.04 .02
Creativity II 2.83 2.76 .11

Time to Solution Ia 9.61 9.71 .05
Time to Solition 11a 6.97 8.68 10,37*

Note.--Analysis I uses data fr'im the first and second tasks, while

Analysis II considers the third anc fourth tasks.

OMQans for this va-,,iable are given in minutis.

P-C .01

**p- .001
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Table 11

Means of Nine Dependent Variables
as a Function of Task Order, and Correspcnding F Values

(I-I and I-G/G-I Subjects, N = 88)

Mean, First Mean, Second
Variable (Third) Task (Fourth) Task

Action Orientation
I vs. 2 5.74 5.72 .04
3 vs. 4 5.76 5.91 2.34

Length
I vs. 2 4.51 3.89 6.60**
3 vs. 4 3.31 3.54 1.00

Originality
I vs. 2 2.33 2.20 .64
3 vs. 4 2.12 2.35 2.33

Outlook
ive. 2 4.25 4.35 l.lQ

3 vs. 4 4.35 4.27 .78

Quality of Presentation
1 vs. 2 4.89 4.65 4.83*
3 vs. 4 4.39 4.49 .67

Issue Involvement
1 vs. 2 3.97 3.72 1.96
3 vs. 4 3.43 3.48 .06

Adequacy
I vs. 2 4.80 4.93 .53
3 vs. 4 4.58 4.79 .34

Creativity
1 vs. 2 3.25 2.85 4.53'
3 vs. 4 2.63 2.96 3.09

Time (in minutes)
I vs. 2 10.56 8.78 8.99**
3 vs. 4 7.91 7.89 .00

o' .05

**r .125



54

In no case was there a significant interaction between subject

population and task order.

Temporal trends for I-I 3s: A set of nire one-way anaiysL.. of

variance with rejeatad measures was performed on data ftom the I-I Ss to

determine the consistency of individual oerfarmance over 1 two-hour period.

Table 12 gives mean values of the nine dependent variables for four task

positicns, along with values of F and their significance levels.

Three variables show significant variation as a function of task

position: Length of the product, its Quality of Oresentation, and its

Time to Solution. Length and Ouality show a decrease from the first to

the 3econd, a smaller decrea ý to the third, and then an increase on the

fourth task. Ti2e to Solution -.-ics a consistent decrease for successive

tasks.

Significant effects of cask position ao the tariables of Length,

Quality of Presentation, and Time were found if-, the comparison of I-I

5s with other problem-soluing Ss, as well as in the analysis presently

ander discusson. This is hardly surprising, since the former analysis

in=ludes all data treated by the latter. However. the effects of task

order in the I-I versus *-•/Z-I analysis were significant only for the

first versus second tasks; differences in these variables from the third

to the fourth task were not statistically significant. This would suggest

that some sort of warm-up effect may occur at least for problem-solving

tasks at the beginning of tha experimental session, on the variables of

Length, Quality of Presentation, and Time to Solution.

B. Prediction of Group Output Characteristics

from Individual Product Data

The central purpose of this study was to investigate the relation-

3hips between cartain characteristics of individual output and measures of



55

Table 12

Tean Values :f Nine Daoendent Variables
for F3ur Task 3 ositions and Carresoonding Values of F

:i-I Subjects. N = 43)

Variables Task i Task 2 Task 3 Task 4 F

Action Orientation 5.75 5.88 5.74 6.00 1.05

Length 4.62 3.60 3.19 3.47 7.50*

Originality 2.32 2.15 2.15 2.23 .21

Outlook 4.09 4.iz 4.20 4.10 .23

4uality of Presentation 4.89 4.48 4.30 4.39 5.16*

Issue Involvement 4.53 4.04 3.78 3.84 2.61

Adequacy 4.98 5.34 4.93 5.19 1.03

Creativity 3.33 2.75 2.58 2.99 2.39

Time to Solutiona 10.63 8.60 7.10 6.84 10.67*

aValueg for this variable are given in minutes.

*p< .01
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those characteristics of products when the same individuals era working

as groups. The following sections will report results concerning these

re Le t• onships.

The strategy for tnis analysis has been to combine individual

data according to three of the models (conjunctive, disjunctive, and

compensatory) which Steiner (1966) describes and to correlate these

combinations with groups' scores. When the score of the group member

with the lowest (minimum) score is highly correlated with group output,

the ccnjunctive mcdel is appropriate. When the score of the member

with the highest (maximum) individual score correlates with group

pezformance, then the disjunctive model is appliesl High correlations

between the average individual score and the group score would lend

support to the compensatory model (or to the adoitive model, which is

indistinguishable from the compensatory model within this study design

sinc3 all groups were 4-man groups).

Each 5 completed two tasks as an individual and two as part

of a group. Data from task one and task two in each session were used,

both separately and in combination. In the interest of brevity and clarity,

this section will consider only correlations based on scores from tasks

one and two combined, since these scores are likely to be more stable

than scores on single tasks.

Prediction for All Task Types Combined

Table 13 reports correlations between individual measures and

corresponding group measures, based on all 72 groups in the design,

Correlations are presented for each of nine dependent variables,

using each of three models to combine individtial scores. That is, the

lowest score of a group member on both individual tasks is paired with

the lower of the scores obtained by his group on its two tasks; these
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Table 13

Values of r for Three Models
f3r Prediction of Dimensions of Group Products
from Individual Scores on the Same Dimensions

"All Task Tyoes Combined, N = 72)

iinimum Maximum Average
,odel a  |odelb modelc

Action 3rientat-on .94** .92** .96**

Length -. 02 .19 .97

Originality -. 99 .5i** .44*

Jutl-ok .11 .19 .28*

Quality of Presentation .23* .94 .15

Issu3 Involvempnt .84"* .67* .81"*

Adequacy -. 05 -. 02 -. 06

Creativity -. 35 .22 .13

Time to Solution .SB** .34tt .57**

aCorrelations between the lowest of the eight scores on
both individual tasks, and the lower of the two group scores.

bCorrelations between the highest of the eight scores on

both individual tasks, and the higher of the two group scores.

cCorrelations between the average of the eight scores on

both individual tasks, and the average of the two group scores.

Cp < .05

**p< .01
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two values are then correlated over all grouos. In a similar fashion,

the maximum score on either individual task is correlated with the higher

of the group's two scores, v,,d the average score of all individuals in a

grcup is correlated with the average score for both of that group's tatks.

These three correlations correspond to the conjunctive, disjunctive, and

compensatory models, respectivaly.

From inspection of the table it is clear that certain dimensions

can be predicted well using more than one model, while other dimensions

are virtually uipredictoble using any of the models considered. There

are very significant correlations (.94, .92, and .96) for Action Orientation

for the minimum, maximum, and average models, respectively. All three

models also show significant correlations for Issue Involvement (.84,

.67, and .81) and fnr Time (.58, .34, and .57), and both the n.ximum and

average models show significant correlations For Originality (.51 and

.44). On the other hand, n-ne of the models predicts significantly for

the dimensions of Length, Adequacy, or Creativity. Only one model pre-

dicts significantly for Outlook (averaga model, r = .28) and for Quality

of Presentation (minimum model, r = .23), and these correlations, though

marginally significant (p< .05) are considerably lower than those

reported for Action Orientation, Issue Involvement, Time, and Originality.

Prediction within Task Types

Since previous research (Hackman, 1965a, 1966) and results already

cited from the present study indicate that considerabls variability on pro-

duct dimensions can be attributed to task type, prediction of group from

individual scores was also attempted within each task type separately.

Table 14 presents zero-order correlations for the three models on each

of the nine dependent variables, by task type. That table also presents

a multiple correlation for each dimension and each type, indicating the

predictability of group task two from th, ,econd individual task.
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Table 14

Values of r and R
for Four Modals for the Prediction of Dimensions

of Group Products from Individual Suores
on the Same Dimensions

(Separately for Each Task Type, N 24)

aub Multiple d
Minimum Modela Maximum Averagec Linear Regression

Action Orientation
Production -. 29 -. 12 .03 .37
Discussion -. 56** -. 32 -. 47* .36
Problem-Solving .43* -.11 .10 .69**

Length
Production -. 14 -. 08 -. 12 .47
Discussion -. 17 .20 .08 .42
Problem-Solving .09 .28 .29 .30

Originality
Production -. 74** -. 00 -. 51** .49
Discussion .52** -. 10 .12 .34
Problem-Solving -. 42* .11 -,26 .58

Outlook
Production -. 11 .04 .22 .22
Discussion -. 24 .08 -. 38 .41
Problem-Solving .27 -. 47* -. 13 .50

Quality of Presentation
Production -.19 -. 36 -.39 .60
Discussion .50* .22 ,45* .64*
Problem-Solving -. 04 .06 -. 07 .35

Issue Involvement
Production .16 -,37 -. 38 .6g**
Discussion -. 38 -.31 -. 56"* ,70"*
Problem-Solving .19 -.43* -. 33 ,72*

Adequacy
Production -. 2' -19 - 33 .63**
Discussion .07 .03 -. 04 ,64*
Problem-Solving .04 -. 08 .14 .61*
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Table 14--Continued

b c Multiple d
Minimum Model Maximumb Average Linear Regressiond

Creativity
Production -. 05 -. 16 -. 15 .66*
Discussion .11 .17 .25 .55
Problem-Solving 000 .37 .21 .38

Time to Solution
Production .30 .17 .36 .57*
Discussion .62** .48* .55** .66*
Problem-Solving .32 .25 .32 .57

aCorrelations between the lowest of the eight scores on both individual
tasks, and the lower of the two group scores.

bCorrelations between the highest of the eight scores on both individual

tasks, and the higher of the two group scores.

CCorrelations between the average of the eight scores on both individual

tasks, and the average of the two group scores.

dMultiple correlations of four individual scores ranked in order of
decreasing size, and the group score. Prediction is from the second
individual task to the second group task.

*p< .05

**p< .01
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Z~eo-order correlations: The oattern of zero-order correlations

for the three basic models aooears quite different when task types are

separated than when they are combined as in Table 13. For example,

all three models predict Action Orientation for all task types combined.

Within task type, however, only the minimum model predicts Action Orien-

tation significantly for problem-solving tasks (.43). Oiscussion tasks

are predictable, but with a negative relation, using the minimum (-.56)

or average (-.47) models, while no model shows a significant r for

production tasks.

On the dimension of Originality the maximum model, which

correlated significantly for combined task types, does not do so within

any task type. The average model shows a significant relationship

on Originality only for production tasks, and that is in a negative

direction (-.51). Finally, although the minimum model does not predict

significantly on Originality for combined task types, it shows strong

relationship3 within each task type although two of the correlations

are in a negative direction. For production, discussion, and problem-

solving tasks, the correlations are -. 74, .52, and -. 42, respectively.

The Outlook dimension can be significantly predicted with the

maximum model only for problem-solving tasks (-.47). This model does

not show a significant relationship on this dimension for cumbined task

types.

The significant correlation found fcr the minimum model on

Quality of Presentation for combined task types persists only for dis-

cussion tasks (.50) when the types are separated. The average model,

though not predictive for combined task types, becomes so (.45)

for diqcussion tasks, Thus, two models (minimum and average) signifi-

cantly predict Quality of Piesentation on discussion tasks.
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Although all three models predict significantly the Issue

Involvwment of group products for the combined sample, when data are

separated by task type only one model predicts each of two types.. For

problem-solving tasks the maximum model shows a correlation of -. 43,

while the average model predicts Issue Involvement for discussion tasks

(-.56).

Finally, the dimension of Time shows consistent predictability

only for discussion tasks; all three models show statistically significant

relationships (.62, .48, .65) for this task type. For the combinsd sample,

all models predict as well.

No significant relationships occur on the dimensions of Length,

Adequacy, or Creativity For any ts3k type, using any model.

Multiple correlations: The multiple correlations presenled in

Table 14 are not direct!,, comparable to the correlations for the three

basic models, since they relate nnly group performance on the second

task to individual performance on the second task. Still, the cor:elations

presented give an indication of the maximum degree of predictability to

be expected using these data.

On the dimension cf Action Orientation, only problem-solving

tasks can be successfully predicted with the linear regression model.

(R = .69). Once again, Length shows no significant correlations for

any task type; the multiple regression model produces no significant

correlations on either Originality or Outlook.

The Quality of Presentation of discussion tasks can be predicted

with the regression model, as indicated by an R value of .64. For tasks

of any type, Issue Involvement is predictable as well (R = .69, .70, and

.72).
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Only the multiple regression model has any success in the

prediction of the task-dependent dimensions of Adequacy and Creativity.

Production (R = .63), discussion (R = .64), and problem-solving (R = .61)

tasks show signifiwant multiple correlitions for Adequacy; Creativity

is predictable only for production tasks (R = .66).

Finally, multiple cvrrelations on Time to Solution reach statis-

tical significance for tasks of both production and discussion types

(R = .67, .66).

Table 15 presents a summary of the models which predict each of

the nine dependent variables, for each task typa ind for the three task

types combined.

The Concepts of Motivation and Coordinntion

As noted in Chapter I, there has not been adequate investigation

of Steiner's (1966) concepts of motivation and coordination as factors

in the prediction of actual productivity from potential productivity.

One secondary purpose of this study was to explore those concepts.

Certain conceptual and methodological problems arose in exploration

of the motivation and coordination concepts. One problem had to do with

how the concepts could best be operationalized. Should measures of

motivation and coordination be taken on the group or on the individual

member? If the latter, then should such measures be taken for the indivi-

dual while operuting in b group, or for the i,,ividual while performing

alone? The concept of coordination connotes, if not requires, a group

level definition, whereas the concept of motivation suggests an individual

level construct. Furthermore, Steiner suggests thit "motivation decrement"

refers to the difference between a hypothetical conditioi when the

individual is optimally motivated and the condition under which the group

performm ice rne. sre is to be obtained. But there is no compelling reason
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Table 15

Summary nt mbd~ls which Predict
Nine GrOuP S=ores (p<.O--) for Three Task Types,

and for All Task Types Combined

Ac. Orn. Length Orig. out. Q.P. 1.1 Ad. Cr. Tim

Production:
Miniaum X
Maximum
Average X
multiple R X X X X

Discussion:
Pinimum A X X X
-A.ximme X
Average X X X X
Aultiple R X X X X

Problea-Solving:
Minimum X
Maximum X X
Averags
M•ultiple R X X

All Task Types:
Minimum X X X X
Kaximum X X X X
Average X X X X X
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to assume tVat oerlormce In the indijiýIul condition of this study

is a good estimate of that hyootnetical conrition of optimel motivetion.

Indeed, tUhere is considerable evidence %see. for example, Davis. in oress;

Zsjonc, 1966) that at least for performance of well-learned responses

kmnich thes ackwan tasks probably elicit), the *alone" condition is less

likely to involve optimal motivatior (or arousal) than the &?oui condition

of this study. So, in the oresant stuoy design, both the Individual

condition, from ahich the =aredictor= sources or product dimensions are

taken, anre tr'e :&ro.- conditicn, from which the =:ritarion= sources or

prock,:t din-orsians ar-f tvaken, represent conditions of decrement (from

a hypothetical ootimun) in notivation, and perhaps similarly in coor-

dination. It could not, therefore, oe reasonabie to exoect actual group

parforma.nc as .. tsurad on group oreducts) to equal ootential grouo

oerforrance !as ?r di,,ted f ro• individual products) minus some measures

uf coordinatijn and •iotivation derived from either the Individual or

roL• sessioni. Ait'out further clarification of' the hypothetical optimum

stase of' a-tivation a•d cooroination, and some -isans t3 essess that state

for the individual, the concepts 3r motiva'io- and coordination in the

;teiner models anoear to be untestable.

Nevertheless, as noted in Chaoter IT, certain measures intended

to represent ccordination zond motivation were ootainaG in this study.

In accordance uitn the approach of the overall research project of

hich• this study -ms a part, a multi-.ethod approach was used in

measurement oa these two traits (iotivationr and coordination). The

battery of measures included:

a. Self-ratings, obtained from each 5 on questionnaire items

designed to test motiuation and coordination and administered after

completion of each task.
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b. Pear-ratings, obtained by summing responses oO the other

group members about the 5 on the same items of the same questionnaire.

c. Jbserver-ratings, obtained from the cbserver's responses

about each 5 on the same questionnaire items.

d. Audio time sampls measures of coordination and motivation

for the group, obtained from a tape recording of group uoversation

during task performance (as discussed in Chapter III).

P. A photographic time sample measure of motivation, for each

S, obtained from a time sample of photographs of each group during task

perforrtance,

f. Event recording or objective records of the behavior of

eact, S during the individual session.

'Iultitrait-multimethod matrices (Camobell and Fiske, 1959) for

S and observer ratings as methods, and motivation and coordination as

traits, are given in Tables 16 and 17. The first table represents ratings

of groups during the 4oup session; the second n3rtains to ratings of

individuals collected durinri tho Inuividual session.

It is apparent that convergent validity of both traits (i.e.,

correlation between different maasures cf the same trait) is weak,

relative to the method variance (i.e., correlation between the two

traits measured by a single method). Furthermore, the separate items

used to measurs motivalion and coordination fail to show acceptable

"convergent and discriminant validity." A single item was used to

measure coordination of inoividuals, Two items were included to tap

motivation; one was intended to index arousal or activity level, while

the second askod for a rating of the S's interest in the group's activity.

Results indicated that each of the motivation items correlated with the

coordination ratings almost as highly (r = .50, .62) as they correlated

with each other (r = oO8).
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Table 16

Multitrait-tbultimethod Matrix
for Subject and Observer Ratings

of Group Motivation and Coordination

Method I Method 2
Subject Ratings Observer Ratings

Motivation Coordination Motivation Coordination

Subject Ratings 01
Motivation 1.00
Coordination .73 1.00

Observer Ratings
Motivation .27 .33 1.00
Coordination .24 .50 .47 1..00

Note.--Data were collected dur.iLng group session.

Table 17

Multitrait-Multimithod Matrix
for Self A&i Peer and Observer Ratings

of Indiviuual Motivation and Coordination

,Iethod la Method 2
Self 4; Peer Ratinos Observer Ratings

Motivation Coordination Motivation Coordination

Self & Peer
Ratihis 1.

Motivation 1.00
Coordination .98 1.00

Observer Ratings
Motivation .22 .21 1.00
Coordination .24 .23 .66 1.00

Note.--Data were collected during the in divioual session.

aMethod 1 represents the sum of ratings of an inJividual by

himself and three other Ss.
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From these results, it is evident that the rating data do not

provide measures of motivation or coordination which have adequate

convergent and discriminant validity to warrant their use as indices

in the Steiner prediction models.

Data from the event records, including audio and photographic

records, were procured to yield potential indices of motivation and

coordination. Inspection indicated these measures shewed very little

variation over groups. Hence they did not provide a feasible basis for

use in conjunction with the Steiner prediction models.

It is also possible to view motivation decrement and coordination

decrement, not as concepts which vary from individual to individual or

group to group, but as concepts which reflect the effect of group size,

and do so uniformly for any given size of group. Within tne present

design, then, we might consider the combined motivation-coordination

decrement for four-man groups (versus "1-man groups") to be reflected

in the difference between the mean scores for individuals on a given

product dimension and the mean score for groups on that same product

dimension. As indicated in Tables 8 and 9, there were significant

differences between average member performance and group performance for

five of the nine dependent variables (Length, Issue Involvement, Quality

of Presentation, Creativity, and Time to Solution). In all cases except

Time to Solution, the difference was in the direction of higher average

scores on the dimension for individuals than for groups. This same

direction held, but not significantly, for Adequacy and Originality.

Individuals wrote longer products (in less time); their products were

more issue involved, had a higher quality of presentation, and were more

creative.
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If the me-n difference bstween individual and group product

scores is considered to be the combined motivation-coordination

"decrement," (or more generally, the "interactive process" decrement)

for four-man versus one-man groups, it is clear that there were indeed

significant decrements in Quality of Presentation, Length, Issue Involve-

ment and Creativity, a- ' a significant increment in Time to Completion

(which is, of course, a decrement in "speed"). These results suggest

that, at least for somr attribuces of written products, there is a

substantial reduction or decrement for four-man groups compared to

single individuals, presumably resulting from the interactive processes

(motivation, coordination, etc.) goirg on within the group. These

decrements merit further investigation.



CHAPTER V: DISCUSSION

The central purpose of the pijsent investigation concerns

the prediction of group performance characteristics from measures

taken on individuals. Several other questions, however, are of

secondary interest and bear further discussion.

A. Replication of Hackman Method and Findings

The present research uses the tasks and product rating method-

ology developed by Hackman (1965a. 1966); his results concerning the

variables likely to effect product dimension scores were considered

when this study was designed, For these reasons, it is of some interest

to note the degree to which the present study has reproduced certain of

Hackman's results.

Reliabilities of product ratings in this research are generally

comparable to those reported by Hackman, Further, as indicated in

Chapter III, the rank order of task types on the eight product

dimensions generally follows that presented by him, although mean values

in the present data are somewhat lower than his. The Hackman means

repozr:d in Chapter III (Table 4) represent data generated by three-man

groups in response to 108 tasks, 36 of each of three types. In contrast,

this research has used four-man groups and only 12 tasks, four of each

typs. Either of these variations could be responsible for the deviations

70
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in mean values between the two studies.* The general similarity in

the patterns of results, however, indicates that the present research

has followed the Hackman methodology sufficiently to warrant some

generalization from his results to this data.

B. Group versus Individual Performance

Prior research using the Hackman tasks (Hackman, 1965a, 1966;

Kent, 1967; Morris, 1965) has considered the characteristirs of products

of three-man groups. Groups of size two through seven have been

investigated in unpublished research by Hackman and Vidmar (personel

communication). However, when the present study was designed no data

had yet been collected on the characteristics of individual porformance

on these tasks. The present research can thus contributa n6w information

on these tasks as tools in small-group research, since the difference

between the performances of individuals and groups may in large measure

reflect the effects of group processes.

InspeCtion of the data reported in Chapter III, and illustrated

in Figure 4, shows a strikingly consistent result: groJp products

generally show lower scale values on any dimension than oo products of

the average individual, whether data are taken from tasks of all three

types, or for each type separately.

If Time to Solution is interpreted as speed (i.e., more time

equals less speed), this generalization holds with the exception of

*An indication that the depression of mean scores in this research
may be due to the use of a small sample of tasks (with many prod...s from
each task in a product set) is found in Stapert (1969). His mean ploo-ict
dimension values for each task type, obtained from three- and four-man
groups and based on product sets including a small number of products from
each of a large number of tasks, correspond to Hackman's with striking re-
gularity. Since his Ss were a sample of those who p3rticipated in %he
present research, and his products were rated during the same tine ptiriod
and by the same judges as products in thi3 research, the differarnces
between the Hackman/Stapert mean3 and those reported here cannot be due
to these factors.
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Outlook on discussion tasks, and the dimension of Action Orientation.

On the latter dimension, group products show moans very similar to those

of the products of the average individual. rhus, not only the "best

man," but also the average group member, working alone, tends to

generate a product which is longer, more positive in outlook, more issue

involved, more original, more creative, and more adequatu then products

of the average group. Finally, the average member will take less time

to complete the task; even the slowest man in the group will be compe-

titive in speed with the group,

Although the present research cannot present empirical

documentation of this point, it may be speculated that mean differences

between the performances of individuals and groups reflect the effects

of group process. The problems involved in organizing the efforts of

four individuals toward the successful completion of a group project

may result in a decrement due to poor coordination. Further, motivation

may decrease from the Individual to the Group condition; or, motivation

in the sensa of arousal may increase beyond the optimum to the degree

that it interferes with task performance. Thus, motivation, coordination,

or other aspects of group process may have led to the decrement in

the product dimensions observed in comparing individual to group per-

fo.. --nce.

There are many reasons why tasks might be aýsigned to groups

rather than to individuals, The task might be one which could not be

solved by any of the individuals alone, perhaps because none possesnes

a wide encugh variety of resources or information. The physical

abilities of more than one individual might be demanded, as in moving

a heavy object, manipulating a ball-and-spiral apparatus, or the like.

Furihdr, one rationale for participatory decision-making in

the literature of social and organizational psychology seems to be
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that acceptance of decisions may be greater when several people are

implicated in the decision-making process. Indeed, Hoffman (1965) has

suggested that group members' acceptance of a decision, and their

resulting willingness to help in its implementation, may ba of greater

significance in some situations then the objective quality of the

decision.

In some cises the prestige or authority of a particular committee

or group may be necessary to bring about acceptance of solutions or

decisit-,. A course of action which has been decided by an elected

council or board may result in greater acceptance than the same course,

determined by a single person in authority. The diffusion of res-

ponsibility which may occur in group decision-making may also be an

important factor in "deciding who shall decide."

But the data of this study seem to show clearly that, for the

Hackman task types, individuals are likely to generate bettgr prnducts

than groups, at least in terms of speed, Quality of Presentalion,

Originality, Adequacy, and the like. Thus, while assignment of tasks

of these types to groups may be justifiable on tactical grounds (e.g.,

shared decision-making, diffusion of responsibility), such assignment

is clearly not justified on grounds of parformance effecti\,eness.

C. Discussion of the Prediction Models

By and large, group scores on most of the product dimensions

are fairly predictable from one or more of the models, at least for

some task types. This finding is encouraging in view of ý.he relative

lack of success social psychologists have generally had in predicting

group measures from characteristics of group members (Mann, 1959;

McCrath and Altman, 1966). As pointed out by Davis (in press), greater
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success has generally been achieved with the use of individual ability

measures, rather than personality variables, as predictor variables. In

the present case, the predictor variables may be construed as individual

"abilities," and the criteria are in fact the same variables measured on

the products of groups rather than those of individuals.

However, the pattern of predictions in the results of this

investigation is far from simple; any statement about prediction with

a given model must be qualified by task type and by dimension. Analysis

for all tssk types combined indicates that, for the most part, all of

the models will predict Action Orientation, Originality, Issue Involvement,

and Time, and about equally well. It is interesting that the first three

cf these variables are the dimersions which characterize the problem-

solving, production, and discussion task types, respectively, in the

original Hackman research; the present study also found greater differences

among the task types on these dimensions, and on Time, than on other

dimensions which do not so clearly differentiate the task types. It

appears that the task types differ greatly on .hese dimensions, and

these task type differences have the effect of between-group differences

in the correlations for combined task types. Thus, ýley can be predicted

very well by any model when all types are combined.

But analysis fcr onj the combined task types would have obscured

the more complicated pattern of predictions which appears for the indivi-

dual task types. In all three cases the archetypical dimensions are

predictable for their respective task types, though three of the six

significant correlations are negative rather than positive in sign.

Further, the three basic models are no longer competitively predictive

when data are separated by task type.

There are two ways of looking at predictability according to

task type, First, for all three types, about the same number of
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total nu�ber e' � �rw�ict�s, Cisc�.iSsi� tasks �tnirteenZ �at4o

those uf tPie p�3t.Ct�n ISIX) �'a �ro�Xs.-solvin� (Seven) types. C�-

siderinr4 only prodici� from t�. :�'r.o �si: �dsIs, ziscussion tasks

�nine� are still better i'an 3r iC�iO�) (two) o: �ro�.i.a-solvin; (four).

There somes to be no very sensible 3 priOri .�lenation �y proiuCts

of the discussi� type shoul± be more ore�ictab1e. cut tMs �jsstiari

warrants further in�esti�arion.

Lonsliering orediction by :iuension. t'e s�e �<our vari�,iss

are the only ones anic� show so#a eneraiity i- p it�i�ri* that is, for

more t',an � task �yoe. ror t�aese .n=ansio". action Z)riantation.

Originality, Issue �n�,o1vement, an� Time). �t least �ao task types are

predictable with some model; for &Lgnality arid Issue Involvement, all

three types are. Altnouh t� A3eqjacy o" tn�ee tyoes an � �reiicte:i,

this can �n1y be done miv� th multiple re;ression aoael. So a�eiri, it

is the three arcfr�.typical dinsior's ano mime uhicn can be reliaoly

oreoictoa for all task types. Z�viousiy �iese are the. key variacies in

the present sche2e.

Overall, o� the three �as�c aooes, t�e minimm ��el sews

most useful. it is clearI� superior to t�e maxi��, ��ich produces

three successful predictions in c�arison � the ai'1i�ja .o:eVs

seven. The average model �roduces five �ionif�ant correlations within

task type. Prediction from th8 minimum in�i�i�uol can os considered
more parsimonious than cofoutatlon of tm's �rou� average for use in

prediction. So, in those cases vn'�re L :� minimum anc average models

predict significantly, and about e�val�y mell. toe minimum model c�n

be viewed as the model of choice.

The multiple R preaictions iere significant in IG o� the 27

cases within task types. 2ut in several of these there here also
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signzficant oredictios fromm•te or more of the zero-order corrlations.

Since the multicle R not only uses more information than do the mirim

or maximam moftls, but also generates weights which give the maximum

linear oradiction, it is clearly less oarsimonious t9 -an any of the

other models. Hance, in the three cases where the minimum model and

rulti~le R both credict significantly and about equally well,

(Ouality of Presentation and TieC for discussion tasks, and Action

3rientaý.ion for proble.-sol.ing tasks), the minimu, .;.el is again to

De ccnsidereo the prefe:red model.

D. imali,.ations of Results for aroup Process

Overall, the results indicate that certain properties of written

grou• oroIjucL are relatively predictable from measures of those same

oropertier in the written products of inoividual members of suct. groups

in resranse to ccomarable tasks. Beyond the sheer empirical fact of

better than c~ance predictability, and even beyond the indication

that one or another of the combinatorial models seems the model of

choice for a .articuliar dimension. the overall pattern of results suggests

several general Prcoositions which have to do with the underlying dynamics

of group intera.ztior.

First, the :elati-.. complexity of the results makes it clear

that there Is not a single, ubiquitous "group interaction pattern,"

which holds for all groups on all output dimensions on all task types.

Rather, theorists must begin to conceptualize, and small group researchers

must find ways to measure, a whole battery of alternative group inter-

action pa.terns, whose applic3bility depends at least on (a) type of

task and (b) the output dimension of concern. In just what terms that

set of interaction patterns might best be conceptualized remains a

question for suosequent study,
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Beyond this implication of genaral complexity, however, there

are some further propositions about the nature of interaction patterns

which can be derived from study results. One such proposition arises

from the relatively general predictive success of the "minimum" or

conjunztive model for a range oP task types and product dimensions.

With a few specific exceptions, the minimum model is at least competitive

with, and frequently apparently superior to, the maximum model and the

average model. Indeed, in most cases, the minimum model competes

favorably with, though it is far more parsimonious than, the multiple

correlation model. This general strength of the minimum model for a

number of key product dimensions suggests that the group member who has

the least "amount" of any given task performance characteristic is

the most influential in determining the group's level on that charac-

teristic.

But this influence of "minimum member" is not a simple,

isomorphic one. That is, it is not aluay5 the case that "the more tha

least member has of property X the more the group will hbve of property

X." Rather, in certain cases--those with high but negative correlations--

the more X this "minimum member" has, the less X there will be in the

group product.

So, the rather straightforward notion of the conjunctive model--

that the group is "only as good as its poorest member"--is not an

adequate interpretation for all cases where the minimum member's score

predicts the qroup score on the same property. When the minimum model

predicts, but with a negative correlation, we need some concept other

then a conjunctive model to account for it. It is as if, for such a

dimension, the group is "only as good on X as its poorest membev is poor

on X."
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Such a relationship suggestp the need for a model which con-

siders group homogeneity-heterogeneity on the given attribute. When

the lowest member of a group on a given characteristic is very low, then

it is more likely that there is a greater range among group members on

that characteristic. If so, then the negative correlations for the

minimum model may mean that groups whose members are uniformly high on

X (so that the lowest man is high) have group products which are low on X;

and conversely, groups whose members are heterogeneous on X (with at least

the minimum member rolatively low) have group products which are high on X.

Consider what this homogeneity model might mean, substantively, for

some of the dimensions on which the minimum model predicts in a negative

direction.

A group whose minimum member was relatively high on Originality

(as for production tasks), would then have been homogeneously high on

Originality; this group would have had less original products than

another whose members were heterogeneous on that characteristic (i.e.,

whose minimum member was low on Originality). This might result if the

four similar, highly-original members competed with one another with

respect to "whose original ideas were be¢c," so that their group products

were thereby weakened as to Originality.

Similarly, the negative correlations for the minimum model on

Action Orientatioii (for discussion tasks) may mean that homogeneous

groups whose members are all high on Action Orientation cannot easily

come to agreement on a single common plan of action, and thus turn out

"compromise" products which are relatively low in Action Orientation.

On the other hand, positive correlations for the minimum model

may reflect group processes in which inter-member concurrence and mutual

support, rather than inter-member conflict, result from the homogeneous-
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high condition; inter-member variance or heterogeneity may result in

inability of the group to generate "enough" of the characteristic. Thus

for the Quality of Presentetion dimension (for discussion tasks), for

9eample, groups whose members are uniformly high (which would be reflected

in both minimum and average individual scores) have group products which

are relatively high in quality, compared to groups whose members are

less uniformly high in Quality of Presentation.

Another aspect of the study results which has imnpl3.cations for

our understanding of groups has to do with the striking differences

in predictability of the models for different individual task types

and for all task types combined. It is clear that "group process" is

not necessarily the same for groups engaged in different types of task

activity--even within a set of three task types which together span

only a relatively narrow portion of the total spectrum of group tasks.

Not only do the models predict with quite different levels of correla-

tion for different task types, and for al. types combined, but in some

cases different task types show strong correlations which differ in

direction for the same model on th6 same output dimension. So, not

only do task types yield differences in levels of various product di-

mensions, as Hackman's earlier stud•ea with these tasks have shown

(Hackman, 1966) and this study has replicated. Different task types

apparently also elicit dramatic differences in the group interaction

patterns which lead to various group output dimensions. This is likely

in view of the findings of Morris (1965), who reports interaction

process differences for these three task types.

A number of further questions about group process and performance

are raised but not adequately answered by this study. For example, how

general--with respect to tasks, group size, and the group composition,
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for example--and how roplicable are the substantial mean differences

between individual and group products that were found in the present

study? Pnd, if those differences are general end replicable, what set

of procesbe. within group interaction accountsfor them? As arother

example, just how does group member homogeneity-hetoarogeneity on

various output characteristics operate so as to produce effects which

are in a positive direction for soma output dimensions but in a negative

direction for others? These and a iumber of other questions are

amenable to,.and seen to warrant, future research attention. Such

research should add appreciably Lo our under-standing of groups and how

they operate.
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APPENDIX

Analysis of Variance for
ACTION ORIENTATION--MINIMUM

Source df Sum of Mean
Squares Square F

Task type 2,66 808.78 404.39 1305.80***

Condition Sequence 1,66 .02 .02 .08

Task Type x
Condition Sequence 2,66 .42 .21 .94

Task Order 3,198 1.25 .42 1.16

Task Type x
Task Order 6,198 1.44 .24 .67

Condition Sequence x
Task Order 3,198 11.95 3.98 11.08***

Task Type x
Condition Sequence
x Task Order 6,198 2.69 .45 1.25

*p c .05

**p< .01

***p< .001

Ma:yinal Means

TASK TYPE

Production 1.60
Discussion 2.53
Problem-Solving 5.53

CONDITION SEQUENCE

Individual to Gruup 3.21
Group to Individual 3.23

TASK ORDER

First 3.30
Second 3.14
Third 3.17
Fourth 3.27
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Analysis of Variance for
ACTION ORIENTATION--MAXIMUM

Sum of Mean
Source df Squares Square F

Task Type 2,66 856.53 428.27 1999.94***

Condition Sequence 1,66 .05 .05 .23

Task Type x
Condition Sequence 2,66 .46 .23 1.08

Task Order 3,198 .88 .29 .85

Task Type x
Task Order 6,198 1.63 .27 .79

Condition Sequence x
Task Order 3,198 10.89 3.63 10.54***

Task Type x
Condition Sequence
x Task Order 6,198 1.63 .27 .79

*p-c .05

**P< .01

***p. .001

Marginal Means

TASK TYPE

Production I.8P
Discussion 2.99
Problem-Solving 5.97

CONDITION SEQUENCE

Individual to Group 3.60
Group to individual 3.63

TASK ORDER

First 3.66
Second 3.56
Third 3.56
Fourth 3.68
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Analysis of Variance for
ACTION ORIENTATION--AVERAGE

Source df Sum (f Mean

Squares Square F

Task Type 2,66 851.02 425.51 2441.77**

Condition Sequence 1,66 .03 .03 .18

Task Type x
Condition Sequence 2,66 .30 .15 .86

Task Order 3,198 .95 .32 1.01

Task Type x
Task Order 6,198 1.11 .16 .59

Condition Sequence x
Task Order 3,198 .34 .11 .36

Task Type x
Condition Sequence
x Task Order 6,198 1.32 .22 .70

*p .05

**p .01

***p < .001

Marginal Means

TASK TYPE

Production 1.72
Discussion 2.75
Problem-Solving 5.77

CONDITION SEQUENCE

Individual to Group 3.40
Group to Individual 3.42

TASK ORDER

First 3.48
Second 3.35
Third 3.37
Fourth 3.46



e8

Analysis of Variance for
LEW;rA--.41*I1m

Source df F of
uroes 5ýzare

Task Type 2.66 43.4c 21.70 9.71**

Condition Sequence L,56 .79 .79 .35

Task Type x
Condition ieqsnce 2,66 3.55 1.77 .79

Task Order 3,198 1.3. .45 .27

Task Ty,36 x
Task Order 5.198 9.87 1.65 .98

Condition Sequence x
Task Order 3.198 32 03 4.01 2.40

Task Type x
Condition Sequence
x Task 2rder 5,i95 23.29 3.86 2.32*

*D • .05

"*'pc .01

"***P< .001

Xerginal eans

TASK TYPE

Production 3.35
Discussion 3.20
Problew-Solving 2.45

CONDITIaSL -1E-UENZ

Individual to Lroup 3.05
Group to Individual 2.95

TASK ORDER

First 3.06
Second 3.07
Third 2.89
Fourth 3.30

__ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _
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Analysis of Variance for
LENGTH--MRX1UM

Sum of' Mean
Sour~ce df Squares Square F

Task Type 2,66 24.93 12.46 5.99**

Condition Sequence 1,66 4.07 4.07 1.95

Task Type x
Condition Sequence 2,66 4.49 2.25 1.08

Task 3rzer 5,198 5.32 1.77 1.07

Task Type x
Task Order 6,198 4.01 .67 .40

Condition Sequence x
Task Crder 3,199 444.15 148.05 89.47***

Task Type x
Condition Sequence
x Tasl Order 6,198 34.94 5.82 3.52**

D -C .0•.

**P< .01

***P1<.001

A-orginal Mreans

TASK TYPE

Production 4.32
Discussion 4.25
Pro•lem-So1ving 3.66

CONJITION *E]UENCE

Individual to -roup 4.20
Sroup to Individual 3.96

TASK 3RDER

First 4.13
Second 4.27
Third 3.93
Foujrth 3.97
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Analysis of Variance for
LEN GTH--AVERA GE

Source df Sum of Mean
Squares Square F

Task Type 2,66 32.98 16.49 7.91"**

Condition Sequence 1,66 2.07 2.07 .99

Task Type x
Condition Sequence 2,66 3.69 1.85 .89

Task Order 3,198 2.55 .85 .54

Task Type x
Task Order 6,198 7.68 1.28 .82

Condition Sequence x
Task Order 3,198 147.75 49.25 31.47**

Task Type x
Condition Sequence
x Task Order 6,198 28.72 4.79 3.06**

*p % .05

**p,c .01

***p4c .001

Marginal Means

TASK TYPE

Production 3.83
Discussion 3.74
Problem-Solving 3.07

CONDITION SEQUENCE

Individual to Group 3.63
group to Individual 3.46

TASK ORDER

First 3.61
Second 3.67
Third 3.45
Fourth 3.47
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An31ysis of Varianca for
ORIGINALITY--MINIIMUM

Sum of myean
Sou rce df Squares Square

Task Type 2,66 147.49 73.74 177.15***

Condition Sequence 1,66 1.66 1.66 4.00*

Task Type x

Condition Sequence 2,66 1.13 .56 1.35

Task Order 3,198 1.90 .63 .67

Task Type x
Task Order 6,196 1.65 .27 .29

Condition Sequence x
Task Order 3,198 7.48 2.49 2.63*

Task Type x
Condition Sequence
x Task Order 6,198 5.38 .90 .95

*p( .05

**pic .01

***p < .001

Marginal Means

TASK TYPE

Production 3.48
Discussion 2.05
Problem-Solving 1.88

CONDITION SEQUENCE

Individual to Group 2.54

Group to Individual 2.39

TASK ORDER

First 2.46
Second 2.36
Third 2.4?
Fourth 2.59



92

Analysis of Variance for
ORIGINALITY--MAXIMUM

Sum of Mean
Source Squares Square

Task Type 2,66 200.85 100.43 106.69***

Condition Sequence 1,66 5.84 5.84 6.20*

Task Type x
Condition Sequence 2,66 3.25 1.63 1.73

Task Order 3,198 1.37 4.56 .36

Task Type x
Task Order 6,19B 4.78 .80 .63

Condition Sequence x
Task Order 3,198 102.66 34.22 27.16***

Task Type x
Condition Sequence
x Task Order 6,198 6.35 1.06 .84

*p( . 05

**p • .01

***p1 ..001

Marginal Means

TASI( TYPE

Production 4.38
Discussion 2.83
Problem-Solving 2.45

CONDITION SEQJENCE

Individual to Group 3.36
Group to Individual 3.08

TASK ORDER

First 3.22
Second 3.24
Third 3.12
Fourth 3.31
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Analysis o" Variance for
ORI GINALI TY--AVERAGE

Sum o' Mean
ou rc dsquares Square F

Task Type 2,65 176.08 88.04 180.33'*"

Condition Sequence 1,56 2.49 2.49 5.09*

Task Type x
Ccndition Sequence 2,65 1.50 .75 1.54

Task Order 3,198 1.29 .43 .42

Task Type x
Task Order 6,198 2.3? .39 .38

Ccondition Sequence x
Task Order 3,198 9.64 5.21 3.12*

Task Type x
Condition Sequence
x Task Order 6,196 2.68 .45 .43

*p< .05

-p .p 01

***p ,- .001

Alarginal Means

TASK TYPE

Production 3.91
Discussion 2.37
Problem-Solving 2.15

CONDITION SEQUENCE

Individual to Group 2.90
Group to Individual 2.71

TAS( ORDER

First 2.79
6econd 2.74
Third 2.78
Fourth 2.92
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Analysis of Variance for
OUTLOOK--ilINIiUM

Sum of M~ean
Source d? Squares Square F

Task Type 2,66 19.50 9.75 22.39**

Condition Sequence 1,560 2.49 2.49 5.72*

Task Type x
Condition Sequence 2,66 .17 .08 .19

Task Order 3,198 .22 .07 .16

Task Type x
Task Uz i-er 6,198 .91 .15 .33

Condition Sequence x
Task Order 3,198 28.16 9.39 20.22***

Task Type x
Condition Sequence
x Task Order 6,198 6.69 1.11 2.40*

•pc .05

**p< .01

***ps' .001

Marginal "ieans

TASK TYPE

Production 3.50
Discussion 3.87
Problem-Solving 4.13

CONDITION SEUUENCE

Individual to Group 3.74
Group to Individual 3.93

TASK ORDER

First 3.87
Second 3.81
Third 3.85
Fourth 3.80
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Anaiysis of Variance for
OUTLOOK--MAXIMUM

Source df Sum of Mean F
Squares Square

Task Type 2,66 21.22 10.61 34.69***

Condition Sequence 1,66 .50 .50 1.63

Task Type x
Condition Sequence 2,66 .39 .20 .64

Task Order 3,198 1.29 .43 1.28

Task Type x
Task Order 6,198 .89 .15 .44

Condition Sequence x
Task Order 3,198 32.81 10.93 32.52***

Task Type x
Condition Sequence
x Task Order 6,198 .94 .16 .47

*Pt .05

**p < . 01

***P< .001

Marginal Means

TASK TYPE

Production 4.12
Discussion 4.77
Problem-Solving 4.57

CONDITION SEQUENCE

Individual to Group 4.44
Group to Individual 4.52

TASK ORDER

First 4.51
Second 4.58
Third 4.46
Fourth 4.39
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Analysis of Variance for
OUTLOOK--AVERAGE

Source df Sum of Mean F

Squares Square

Task Type 2,66 21.06 10.53 39.76**

Condition Sequence 1,66 .75 .75 2.84

Task Type x
Condition Sequence 2,66 .25 .13 .48

Task Order 3,198 .89 .30 1.04

Task Type x
Task Order 6,198 1.15 .lg .68

Condition Sequence x
Task Order 3,198 .24 .08 .28

Task Type x
Condition Sequence
x Task Order 6,198 .74 .12 .43

*PV. .05

**PI . 01

***P( .001

Margiral Means

TASK TYPE

Production 3.79
Discussion 4.36
Problem-Solving 4.36

CONDITION SEQUENCE

Individual to Group 4.12
Group to Individual 4.22

TASK ORDER

First 4.22
Second 4.23
Third 4.16
Fourth 4.09
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Analysis of Variance for
QUALITY OF PRESENTATION--MINIMUM

Sum of Mean
Source df' Squares Square F

Task Type 2,66 34.85 17.42 12.10***

Condition Sequence 1,66 .69 .69 .48

Task Type x
Condition Sequence 2,66 .62 .31 .22

Task Order 3,198 .20 .68 .82

Task Type x
Task Order 6,198 4.85 .81 .97

Condition Sequence x
Task Order 3,198 5.04 1.68 2.02

Task Type x
Condition Sequence
x Task Order 6,19C 7.08 1.16 1.42

*p ic .05

**p, 01

***p•< .001

Marginal Means

TASK TYPE

Production 3.30
Discussion 4.15
Problem-Solving 3.74

CONDITION SEQUENCE

Individual to Group 3.68
Group to Individual 3.78

TASK ORDER

First 3.73
Second 3.86
Third 3.65
Fourth 3.67
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Analysis of Variance for
QUALITY OF PRESENTATION--JXIMUM

Sum of Mean
Source df Squares Square F

Task Type 2,65 34.82 17.41 17.44***

Condition Sequence 1,66 .26 .26 .26

Task Type x
Condition Sequence 2,66 .15 .07 .07

Task Order 3,198 3.68 1.23 1.34

Task Type x
Task Order 6,198 3.54 .59 .65

Condition Sequence x
Task Order 3,198 163.03 54.34 59.52***

Task Type x
Condition Sequence
x Task Order 6,198 7.69 1.20 1.40

*p < .05

**p( .01

***p( .001

Marginal Means

TASK TYPE

Production 4.00
Discussion 4.85
Problem-Solving 4.48

CONDITION SEQUENCE

Individual to Group 4.42
Croup to Individual 4.48

TASK ORDER

First 4.48
Second 4.60
Third 4.28
Fourth 4.43
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Analysis of Variance for
QUALITY OF PRESENTATION--AVERAGE

Sum of Mean
Source df Squares Square F

Thsk Type 2,65 33.22 16.61 15.13***

Condition Sequence 1,66 .52 .52 .48

Task Type x
Condition Sequence 2,66 .10 .05 .04

Task Order 3,198 3.00 1.00 1.21

Task Type x
Task Order 6,198 3.71 .62 75

Condition Sequence x
Task Order 3,198 47.37 15.79 19.06***

Task Type x
Condition Sequence
x Task Order 6,198 6.21 1.03 1.25

*pc .05

**p< .01

***p< .001

Marginal Means

TASK TYPE

Production 3.57
Discussion 4.50
Problem-Solving 4.11

CONDITION SEQUENCE

Individual to Group 4.05
Group to Individual 4.14

TASK ORDER

First 4.09
Second 4.25
Third 3.96
Fourth 4.07
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Analysis of Variance for
I3SUE INVOLVEMENT--AVERAGE

iurce dtf Ssim of Mean F

Squares Square

Task Type 2,66 528.30 264.15 78?.87***

Condition Sequence 1,66 .05 .05 .15

Task Type x
Condition Sequence 2,66 .40 .20 .60

Task Order 3,198 .31 .10 .15

Task Type x
Task Order 6,198 1.40 .23 .34

Condition Sequence x
Task Oroer 3,198 33.86 11.29 16.31***

Task Type x
Condition Sequence
x Task Order 6,198 8.95 1.49 2.16"

"*P .05

S*p(c .01

S**o( . 001

erg.ina1 M1eans

TASK TYPE

Production 1.76
Disc,,ssion 5.01
Problha-Solring 2.78

CONDITION i;E4UEUCE

Individual to Group 3.1?
Zroup to Individual 3.20

TASK ORDER

First 3.20
Zec3nd 3.23
Third 3.16
Fourth 3.15
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Analysis of Variance for
ADEQUACY--MINIMUM

Sum of MaanSource df' Squares Square F

Task Type 2,66 11.05 5.52 3.78*

Condition Sequence 1,66 .. 03 .03 .02

Task Type x
Condition Sequence 2,66 1.00 .50 .34

Task Order 3,198 3.68 1.23 .82

Task Type x
Task Order 6,198 4.59 .77 .51

Condition Sequence x
Task Order 3,198 33.46 11.15 7.47***

Task Type x
Condition Sequence
x Task Order 6,198 15.22 2.54 1.70

*p< .05

**p < . 01

***p • .001

Marginal Means

TASK TYPE

Production 3.91
Discussion 3.49
Problem-Solving 3.89

CONDITION SEQUENCE

Individual to Sroup 3.77
Group to Individual 3.75

TASK ORDER

First 3.59
Second 3.81
Third 3.75
Fourth 3.90
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Analysis of Variance for
ADEQUACY--MAXIMUJM

Sum af ifle an
Source df SmoMenFuequares Square

Task Type 2,66 130. 6.52 6.19i*

Condition Sequence 1,66 .. 19 .19 .18

Task Type x
ConJition Sequence 2,66 .84 .42 .40

Task Order 3,198 2.97 .99 .81

Task Type x
Task Order 6,198 4.62 .77 .63

Condition Sequence x
Task Order 3,198 155.42 51.81 42.61***

Task Type x
Condition Sequence
x Task Order 6,198 11.89 1.98 1.63

*p< .05

**p ( .01

***p( .001

Marginal Means

TASK TYPE

Production 5.06
Discussion 4.55
Problem-Solving 4.88

CONDITION SEQUENCE

Individual to Group 4.86
Croup to Individual 4.81

TASK ORDER

First 4.63
Second 4.2.3
Thiird 4.79
Fourth 4.97
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Analysis of Variamce for
ADE(lJAC v--AVERAGE

-SU of rbueIquas Swuare

Task Type 2.66 1:.17 6.59 6.27**

Condition Sequence i.66 4.37 .41 .39

TasLc Type x
Condition -Sequence 2,66 .83 .42 .40

Task Order 3,198 1.85 .52 .51

Task Type x
Task Order 6,198 4.52 .75 .62

Condition Sequenca x
Task Order 3,198 15.02 5.0 4.13"*

Task Type x
Condition Sequence
x Task Ord3r 6,198 12.05 2.01 1.66

'p .05

**pc .01

**'p< .001

,yarginal Means

TASK TYPE

Production 4.53
Discussion 4.03
Problse-Solving 4.39

CONJDITION 5EUENCE

Individual to Group 4.35
Croup to Individual 4.26

TASK ORDER

First 4.21
Second 4.35
Third 4.28
Fourth 4.42
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Analysis of Variance for
CREATIVI TY--MIN IMUM

Sum of Mlean
Squeres Square F

Task Type 2,66 32.68 16.34 11.11***

Condition Sequence 1,66 1.44 1.44 .98

Task Type x
Cendition Sequence 2,66 .31 .16 .11

Task Order 3,198 2.63 .88 .83

Tesk Type x
Task Order 6,198 11.19 18.65 1.76

Condition Sequence x
Task Order 3,198 10.54 3,51 3.31*

Task Type x
Condition Sequence
x Task Orde: 6,198 42.60 7.10 6.69***

*p < .05

*p C .01

•**o < . 001

;%rginal M1eans

TASK TYPE

Production 2.64
Discussion 2.69
Przblem-So31vina 1.95

CONDITION 5EOUE'jCE

indivicdual t3 0rouo 2.53
2roup to Individual 2.36

TASK ORDER

First 2.37

Second 2.50
Third 2.3C
Fourth 2.54
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Analysis of Variance for
CREATIVITY--MAXIMUM

Sum of Mean
Source df' Squares Square r

Task Type 2,66 47.36 23.68 14.61***

Condition Sequence 1,66 3.63 3.63 2.24

Task Type x
Condition Sequence 2,66 3.15 1.58 .98

Task Order 3,19d 7.02 2.34 1.86

Task Type x
Task 'frder 6,198 4.07 .68 .54

Condition Sequence x
Task Order 3,198 308.25 102.75 81.75***

Task Type x
Condition Sequence
x Task Order 6,198 15.33 2.56 2.03

*p c .05

**p< .01

***p < . 001

Marginal means

TASK TYPE

Production 4.11
Discussion 3.69
Probleem-Solvi-ig 3.13

CONDITION SEQUENCE

Individual to Group 3.76
Group to Individual 3.53

TASK ORDER

First 3.66
Second 3.73
Third 3.39
Fourth 3.80
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Analysis of Vqriance for
CREATIVI TY--AVERAGE

Sum of Mean
Source df Squares Square F

Task Type 2,66 39.99 20.00 14.55***

Condition Sequence 1,66 1.78 1.78 1.30

Task Type x

Condition Sequence 2,66 1.31 .66 .48

Task Order 3,198 4.09 1.36 1.24

Task Type x
"I sk Order 6,198 6.67 1.11 1.01

Condition Sequence x
7 k Order 3,198 48.60 16.20 14.78***

Task Type x
Condition Sequence
x Task Order 6,198 26.56 4.43 4.04***

*p < 05

**p.%-. 001

***pt .001

Marginal Means

TASK TYPE

Production 3.36
Discussion 3.20
Problem-Solving 2.50

CONDITION SEQUENCE

Individual to Group 3.10
Group to Individual 2.94

TASK ORDER

First 2.99
Second 3.09
Third 2.84
Fourth 3.16
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Analysis of Variance for
TIME--MINImUM

Sum of MeanSource df Squares Square F

Task Type 2,66 340.61 170.30 9.80***

Condition Sequence 1,66 .68 .68 .04

Task Type x
Condition Sequence 2,66 26.37 13.18 .76

Task Order 3,198 62.26 20.75 2.48

Task Type x
Task Order 6,198 12.59 2.10 .25

Condition Sequence x
Task Order 3,198 1090.37 363.46 43.35***

Task Type x
Condition Sequence
x Task Order 6,198 11.95 1.99 .24

*P ( .05

**p A .01

***p C .001

Mlarginal Means

TASK TYPE

Production 11.51
Discussion 11.15
Problem-Solving 9.04

CONDITION SEQUENCE

Individual to Group 10.52
Group to Individual 10.61

TASK ORDER

First 11.31
Second 10.61
Third 1C.24
Fourth 10.11
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Analysis of Variance for
TIME--MAXIMUM

Source, Sum of Mean
Squares Square

Task Type 2,66 356.94 178.47 14.06***

Condition Sequence 1,66 .31 .31 .02

Task Type x
Cordition Sequence 2,66 25.17 12.58 .99

Task Order 3,198 56.59 18.86 2.68*

Task Type x
Task Order 6,198 8.64 1.44 .20

Condition Sequence x
Task Order 3,198 j.77 1.26 .18

Ta3k Type x
Condition Sequence
x Task Order 6,198 9.01 1.50 .21

*p . 05

**p c 0.i

***p < . 001

Marginal Means

TASK TYPE

Production 13.52
Discussion 13.11
Problsm-Solving 10.98

CONDITION SEQUENCE

Individual to Group 12.50
Group to Individual ).2.57

TASK ORDER

First 13.19
Second 12.70
Third 12.1.0
Fourth 12.16



Analysis of Variance for
TIME--AVERAGE

Source df Sum of Mean F
Squareg Square

fask Type 2,66 356.03 178.01 12.63***

Condition Sep-once 1,65 1.09 1.09 .08

Task Type x
Condition Sequence 2,66 34.54 17.2? 1.23

Task Order 3,198 54.43 18.14 2.57

Task Type x
Task Order 6,199 12.63 2.11 .30

Condition Sequence x
Task Order 3,198 247.53 82.51 IL69***

Task Type x
Condition Sequence
x Task Order 6,198 5.96 1.16 .16

*P<.05

**P 01

.001

Marqinal dleans

TASK TYPE

Production 12.52
Discussion 12.22
Problem-Solving 10.02

CONDITION SEQUENCE

Individual to Group 11.53
Group to Individual 11.65

TASK ORDLER

First 12.27
Second 11.67
Thi rd 11,21
Fourth 11,20
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