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ABSTRACT .

In the present study, work is undertaken to find out how
different coummunication networks affect the way in which a solu-
tlon to a problem is derived by a small group, and also how these
different communication patterns affect the behaviour of the
meubers of the group. After some conclusions are drawn with re-
gard to the small groups, certaln generalizatlions are made, in
order to see, how the results obtained from this study are appli-
cable to large scale organizations. The use of this study, resi-
des in that the results obtained can be used to improve the com-
munications within organizations, so that their operations become

more efficient.

124652
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CHAPTER I
INTRODUCTION

THE IMPORTANCE OF CUMMUNICATION

In today's world most of the activities whilch go on are
wlthin the boundaries of an organizational set-up., We can find
an organizational set-up in most of our society's institutions.
The organization of activitles is a necessary aspect of any insti-
tution no matter what its objeciives are. The institution may be
a non=-proflt enterprise . as a school, a hospital or it may be
proflt seeking and be an industrial, financlial, service or commer-
cial company. Organlzation of activities is a necessity for sur-
vival and progress, for in our complex world a large number of
activitles are tied or related to one another and if the harmony
of the system is sought, all the integral parts of the system
should be organized in a way, so that everything works smoothly.
The harmony to be maintalned in an organlzation, heavily
depends on the ability of its members to communlicate with one
another, when such a need arises, For this reason, a large em-
phasies should be lald upon the communication in . the organization,
Coumunication 1s created by the fact of employing éymbols systema-
tically between individuals in arder to exchange ldeas. Basically,
the individual 1is dependent on 6ommunication and his ability to
receive it., By the same token, organizatlons rely upon efficlent
communication in order to be effective, Golng a step further we

nay say, that political, economic and social communities rely upon
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communtlcation, The fact that huge organizations depend on commu-

nicatlion in order to run, makes communicatlion one of the most

vital parts of our organizational needs.
DEFINITION OF THE PROBLEM

In this work an attempt has hbeen made to answer the follow~-
ing questions: How should communication be organized? In what
way can messages be sent among Individuals so.that & group can
golve a problem quickly, arrive at an answer, draw a conclusion
and make a declsion in the fastest and yet most accurate manner?
Should we have centralized or decentralized communication patterns#
What are the effect of different communication networks on the
speed at which and the accuracy wilth which a problem can be sol-
ved? How does a communicatlion pattern affect the pasychology of
individuals? What 1s the effect of the psychology of the indivi-
duals on the solution of a problem?

These questions make up the problem to be studied In this

work.

REVIEW OF PREVIQUS RESEARCH

Original work was done, to answer the questions paused above
by A. Bavelas. Later Harold J. Leavitt published the results of
his experiments with Freshman students at M.I.T. After Leavitt,
Harold Guetzkow and Herbert A. Simon together made experiments of
their own. Recently some theoretical work has been undertaken by

A, M. Cohen,
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CHARACTERISTICS OF THE PRESENT WORK
All previous researchers in this topic of looking for the
communicatlion pattern which allows the qulickest and most accurate
golution of problems by small groups, have attempted to test
different coummunication networks. The present work glves the
results of tests carried in all of these communication networks
together, and also 1t gives the results of experiments made with

an entirely new network, namely the A network.

MOTIVATION FOR THE TOPIC

The impect that communication has on various aspects of our
lives, the importance of communication within the organizational
setting, the wilde range of applicability of communicatlion research,
the work of previous researchers and the fact that no such work
has been previously undertaken in Turkey has led me to choose this

tople for study.

DESCRIPTION OF THE STUDY

In order to carry out the experiments, five-man groups were
operated in different communication networks. The procedure of
the experiments will be explalned in more detail later on. The
advantage of having Yo experiment with small groups 1s that they
simulate in a good manner & large scale organization, and yet they
avold the dilfflculties encountered in analysing a complex organi-
zatioml@®t-up. In thls way attempts to generalize some conclusims|

nay be made,
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CONCLUSIONS DERIVED

The resulte of the present study tend to agree in general
with the findings of previous studies. In their broadest form
the concluslong are, that centralized communication networks tend
to speed up the organizational evolutlion of a group; in central-
ized networks groups stabllize their organizational pattern faster
than in decentralized communicatlon networks. However, it 1s the
decentrelized communication networks which give the greatest satis}
faction to the members of the groups operating with them. Fuller
detalls of these findings will be glven in subsequent chapters,

ORGANIZATION OF THE STUDY
From thls poilnt on the work is divided into three main
parts., These parts are, first the theoretical aspects of the
study which incorporate such concepts as flexibllity, efficiency,
centrgllty and symmetry; second, the description of the study,
which includes the organization in different networks and the
description of the experiments; and third, the analysis of the

results and the conclusions derived.
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CHAPTER IT
THE THEQRY
QVERVIENW

This chapter considers the theoretical aspects of communica~
tion within small groups. It starts out by giving an overview of
the asubject and then presents Bavelas' approach. Then while dis-
cussing operational characteristics it presents the concept of
flexlibllity., Then the chapter continues by indicating what the
minimum number of communicatlons and the minimum time required for
the solutlion of a problem by a group are. It goes on discussing
what the effects of communication patterns on individuals are, and
develops the hypothesis., Along the way it presents such measures
a8 the sum of the neighbors, the sum of the distances, the cen-
trality index and the peripherality index, which help determining
the efflclency of a group. The the chapter discusses the organi-
zation of different patterns. More detalls on all of these consi-

derations are given in the following pages.

THEORETICAL CONSIDERATIONS

Introduction: A certain minimum amount of communication is re-
quired by a group of individusls who have & cgﬁmcnobjective, and
who need cooperative action in order to be able to reach a deci-
sion. By this we mean that 1f a group 1ls to solve a problem and
if the informatlon necessary for the solution of the problem is

distributed among the members of the group, these members have to
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communicate with one another in order to obtain an answer to the
problem, But we should be careful about the fact that it is not
compulsory that each individual in the group communicate will all
the other members of the group. In some instances 11 may be
sufficient that each individual in the group merely be in contact
with the network of communication to which other members of the
group are also related, i.e,, that he communicates only with one
other member of the group.

The members of the group may be connected to one another in
very different patterns, Out of this very large number of diffe-
rent patterns only a few are useful for the purpose of achleving
effective performance., The aim of the present experiment is to
determine whether different patterns of communication among ﬁhe
group members affect the task performance, 1.e., whether the
communication pattern among individuals affect the speed and the
accuracy needed to reach an answer to a problem, and 1f an effect
is determined, what the best pattern of communication is, to
facilitate the task of finding a solution to a group's problem.

The pattern of communication that evolves wlthin a group,
is determined by several factors. Some of these factors might be
the cultural background of each individual, his esoclal class, hils
abilities and intelligence. Other determinants & the evolution of
the pattern of communication within the group may be the task to
be performed, 1l.e., the problem to be solved and the environment
in which the group operates. This is also true for groups whose

conmmunicatlon patterns have been determined by outsiders. In this

case, differences may occur as to the number of links used - a
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link being the channel of communicatlion between two individuals -
the smount and kind of informatlon conveyed - which may be called
"ehannel capacity" - and the symmetry of the pattern of communica-
tion. The symmetry concept will be explained later on in more

detalil.

The Bavelag Agproachl _

A, Bavelas was the ploneer, who thought of definiﬁs dimen-
sions for group structures and set the pace for subsequent experl-
ments carried out by other people. The purpose of the experiment
being to analyse the structure of communications in groups,
individuals and communication channels are the principal items
that are lnvolved. The group may then be thought of as cells
connected to one another, Here the cells represent individuals
and the connectlons represent communication channels. Once these
analﬁsies'have been defined in this way, the work of Bavelas’
may be found to be applicable to the description of communicatlion
patterns within groups.

Several dimensions defined by Bavelas may be used to study
the communicative behavior in groups. For instance, the way in
which communication patterns vary may be described by the "sum
‘of the neighbors" thet each individual has, each neighbor being
defined as the individual with whom a member may directly commu-~

nicate,

1 A, Bavelas, "A Mathematical Model for Group Structure",
Applied Anthropology, 1948, VII, PP. 16-30.




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL PAGE 8

Differences within and between structures may also be
asccounted for by the concept of "centrality" as defined by
Bavelas, | |

This concept may be best seen when we define the most cen-
tral position, as the position closest to all other positions in
a pattern of communication., The distance between positions 1is
defined by the number of comBunication links which is used to get
from one position to another by the shortest route.

Some measures havé been introduced by Bavelas to quahtity
the above concept of centrality. The "Sum of the Neighbors"
measure is the summation, for the whole structure, of the number
of positions one link away from each position., The "sum of the
distances" 1s similarly the summation for all positiéns, of the
shortest distances, in links from every poasition to every other
one,

What defines a pattern i1s the manner in which the cells are
connected and not the way in which they are represented on paper.
Two patterns are sald to bé the same 1f they can be bent lnto the
same shape without breakling a link. If a link 1s broken in this
process, then the two patterns are sald to he different. The
dimensions defined by Bavelas can not define uniquely a pattern of
communication. For uniqueness, more advanced techniquees of mathe-
matics and complex topologlical concepts whlch do not enter the

scope of thla study are necessary.

Later on, a similar concept, that of symmetry developed by

Guetzkow and Simon will be presfnted, Interpretatibn of the
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results of the experiments by both conceptis leads to the same

conclusions.

OPERATIONAL CHARACTERISTICS

PATTERN FLEXIBILITYZ

The individusls do not need to use s8ll the communication
channels available to them in order to obtaln a solution to the
problem. The followlng example will serve to illustrate this in
& better way: Suppose the pattern of communication of seven links

| as shown in Figure 1 1a given. The

individuals may orgenize themselves in
the following manners to solve the
problem:

- a and e send their information

a € respectively to b and 4

- b and 4 send their information to-
gether with what they receive to.c

FIGURE 1. - ¢ formulates the answer and sends
it to b and d |

- b and d send the answer respecﬁively to a and e,

In this way three of the seven channels have been ommitted from

the communlcation pattern and what we will call a chain network

2 Harold J. Leavitt, "Some Effects of Certain Communication
Patterns on Group Performance", The Journal of Abnormal and Soclsal
Psychology, Vol. XLVI {1951), pp. 38-50.
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has been established., Thls network may be represented as in Fig.
2

b &
[ [
FIGURE 2.

This four link pattern may also be changed. If a, b, ¢, and
e all send thelr informstion to d, and 4@ arrives at an answer and
then sends hack the answer to &, b, ¢, and e, what we call a

"wheel" pattern of communication will evolve. This pattern may

| be represented as in Fig. 3.

b c
&

o e

FIGURE 3,

This fact that, the communication pattern of the group may
be changed as shown above 20 as to accomodate for a fast and

accurate communication 18 termed the pattern flexibility.

OPERATIONAL FLEXIBILITY: Glven a certaln number of connections,
and a fixed pattern of communication, this pattern may be used in
several ways which we call operational flexibility. Going back

to our chain network example, the declsion can be made either by
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a, or b, or ¢, or 4, or e depending on who sends the information
to whom and whether it is a, b,ec, 4 or e who occupies the key
position to formulate the answer., There the decision made is
unlique; however, patterns with two or three decision mekers may -

also be used.,

EFFICIENCY OF COMMUNICATION

The efficlency of communication wmay be defined as the com-
bined speed and accuracy by which a solution to a problem is
obtailned. This aspeed depends on the pattern in which groups
operate. Thls hypothesis is supported by the findings of the
experiments., The following gives us a brief review of the theory

behind this hypothesls,

The Minimum Number of Communications: For =n individuals
the minimpum number of communication C 18 glven by the following
relationship:

C=2(n-l)*
One communlcation here 1s considered to be cne written message

carrying informstion.

Therefore theoretically, with a certain number of indivi-
duals in a group as the only c¢riterion, the pattern of communica-

tion is not important, since according to the above relationship,

* Harold J. Leavitt, "Some Effects of Certain Communication

Patterns on Group Performance", The Journel of Abnormal and Soclzl
Psychology, Vol, XLVI (1951), pp. 38-50.
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the minimum number of communications C 1is dependant only on the
number of individuals in the group n. Therefore, the minimum
number of communications 1s the same for all patterns, provided

that the number of individuals in the group remalin constant.

- The Minigpum Time Regulred for the Solution: The assumptlon

to be made here is that each individual in the group has the same
ability; that is, the members in the group can think, work, write
at the same speed and with the same accuracy. Glven this assump-
tion, the minimum time required by a pattern of communication to
reach a solutlon toc a problem can be computed. The time required
for a message to be lssued by an individual and be recelved by
another will be defined as a "time unit", Two cases should be

conaidered separately.

1. The number - © n of individuale in the group is odd, If
we suppose that each member in the group can communicate with
another member of the group "x + 1"** 45 the minimum number of
time units required for a group with n members (n = 2a + 1) where

8 18 a positive 1Integer and where x 1s defined as follows:

px pn X+l or x logon x4+ 1
i.e., x = integerlogs n.
Therefore for a 5 man group the minimum time units required

can be computed as follows:

bl Harold J. Leavitt, "Some Effects of Certain Communicatia

Patterns on Group Performance," The Journal of Abnormal and Social
Paychology, Vol XLVI (1951), pp. 38-50.
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x+1=3 ‘ 8, =

Therefore no 5 man pattern can hbe done in less than three

time units, although they may take more than that.

2. The number of individuals in the group is even: If we
suppose unrestricted linkage "x" is the minimum number of time
units required for a group wiﬁh n members with n = 2a where a 1ls
a posltive integer and where x 1s defined as follows:

2X = n or x = log, n
Therefore for a 4 man group the minimum time units required

can be computed as followsa:

2% = 4 x =2 Ang, = 2

Therefore no 4 man pattern can be completed in less than 2

time units although they may take more than that.
EFFECTS OF PATTERNS ON INDIVIDUALS

Performance may vary anmong groups because:
a. Certain differences exist among people.
b. The patterns produce certain forces that should be

considered,

The problem is therefore one of analysing the forces acting
on the individuals in the network at any position and finding out
how they affect the individual behavior. If predictions can be

made in this respect, then improvements can be made in organizatkn”
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The central positlion is very important in this connection.
Centrality is important because 1t shows how & position is strate-
gleally located with respect to others. This accounts for d4if-

ferences in the behavior of the individuals.

The avallable informatilon is belleved to be the most lmpor-
tant determinant of the behavior of individuals. This is because
it determines one's role in the group. The individual who has
access to vital information and who has the ability to collect
and procese it 1s seen in another way by the group than a person
who merely walts for the answer to come Centrality which is a
measure of the distance between members and therefore of the
avallabllity of information, 18 consequently very important in
predicting how the individusls will behave while communicating
with each other, Here the distance between members of the group
1s defined as the number of communication channels that are needed
to be crossed for one Individual to get a message through to
another member of the group. The differences in centrality among
different patterns which lead to dlfferences 1n the parts played
by the members operating in each of these different patterns of
communlcation account: for the differences in the responsability,
independence or monotony of each individuals task's., These in
turn should effect the behavlor, i.e,, the speed, the agressive-

ness, the accuracy and the flexibility of an individual,
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DEVELQPMENT OF THE HYPOTHESES

The use of & five-man group can be saild to simulate to a
good extent a large-scale organization. This five man group has
the characteristics of communication of the larger organization,

but 1t also avoids some complexities assoclated with them.

The problem can be analysed from two polnts of view:
1. The effecte of restricting communlcation among
members or the organlzational set-up of the group.
2. The éffects of restricting communication among

members or the operational task of the group.

The problem 1is therefore two-fold. To put it in Herberti A.
Simon's and Harold Guetzkow's words the problem has a "procedural'
or organizational aspect and a "subasitantive" or operational aspect.
We may now state the Simon-Guetzkow hypothesis: "Imposition of
certain restrictions or the communication channels avallable to a
group effects the effliciency of the group% performance, not direct~
ly by linking the potential efflciency of task performance with
optional organization in the glven set, but indirectly by handi-
capping their abllity to organize themselves for efficlent task

performance. ">

3 Harold Guetzkow and Herbert A. Simon, "The Impact of
Certain Communication Nets Upon Organlzation and Performance In
Task-Oriented Groups", Management Science, Vol 1, Nos. 3 and 4,
April-July, 1955. .
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Let us now turn to the hypothesis of Simon, Smithburg and
Thoupson. Theilr argument 1s that there 1s a two=-fold communica-

tion in decislion making organization:

"Communications must flow to the decl®ilon center to provide
the basis for decision, and the declsion mﬁst be communicated
from the decislon center in order to influence other members of
the organizations whose cooperation must be secured in order to

carry out the decision."*

In our experiment which followed the lines of the experi-
ments carried out by Leavitt and afterwards by Simon and Guetzkow,
with a group of five members,given five out of six symbols each,
and with a problem requiring to find what the symbol common to

all 1s, thele is alego a two=f0ld communicatlion flow.

1. The flow of information: The only thing a member knows

at the start of each trial is his own missing symbol., He need no&
know all the other missing symbols to formulate an answer. In
order to get to & solution each individual has to know his anawer
only and then wrlte it down. The exchange of information of this
kind, i.e., the exchange of information peritinent as to what
gsome of the missing symbols are, 1s the preliminary step towards

making a declsion.

4 H.A. Simon, D.W. Smithburg and V.A, Thompson, Public
Administration, (New York: Knopf, 1950}, p. 220. T
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2. Flow of decision

The answer that is found by a member or some members
of the group should be communicated to members who cannot or have
not arrived at an answer. The decision is thus known by all the

particlpants,

In any case a division of labor 1s required in the group in
order to reach an answer, Here & dichotomous  situation evolves

gince:

a. Elther everyone may exchange information with everyone
or a single particlpant collects all the information about the
missing symbol.

b. Elther everyone may form the solution of his own, or
get speclallzed so that a slngle particlpent arrives at an answer,

This leads fto the fact that:

¢. Either there ls no circulation of answers or the answer

is handed out by e slngle person.

The alm of the experliment 1s to find out which organizatioml
arrangement and whlch communication restrictions are best, and
how communication restrictions effect the organizational arrange-

ment required to carry out the operating task,

In my experiment I used six different patterns of communica-

tion. These are as shown on the following page.
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e | : c ¢ ¢ e d € b c
b & b d 4 .5l < [
{
. b b
[ ¥ 2 a. e . e . . N . \
Circle Chain All-channel Y A . Wheel

Of these communication nets, the circle and the wheel

patterns are the extreme cases.

In the c¢irecle net, if two neighbors send théir information
to respective other nelghbors and if in turn, these members relay
thelir information together with the information they received to
the fifth member of the group, this last person may sort out the
information, make a declslon and send back the solutlon he found
to the other members of the group, through the same channels used
to reach him. Simon and Guetzkow call this pattern a "three level

hierarchy".

In the wheel net, the persons who are, so to speak, on the
periphery of the network may send thelr Information to the indivi-
dual who occuples the central position. Thls last member may
process the information, make a declslon and send back to the
members on the periphery the answer he has come up with. Simon

and Guetzkow call this pattern a "two level hierarchy”.

These communication networks may be shown to be equally

efficient, i.e., although the circle pattern requlres more time
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to reach an answer because of the time delays involved in the
relaying of iInformation, both the circle and the wheel group

requlre a mininum of eight messages to develop a solution.

As to the other networks, namely, those of the chain, Y and
A patterns, although they require different times to reach a

solution the minimum number of messages required 1s again eight.

The all channel group may evolve a communicatlon pattern

glmllar to any of those discussed before or others.

At thils point s remark is worthwhile to be made, The
channel usage analysis is misleading in that 1t supposes that the
two level hilerarchy 1s twice as efflclent ag the three-level
hierarchy. The reason is that this analysis compares efficlency
by the number of necessary relays. As the number of relays of
the wheel group is half of that in the circle group, the assump-
tion that the wheel group is twice as efficlent as the circle
group may appear to be correct. But we should not forget that
relaylng information is not the only task 1n the problem. There
is the guestion of receiving, organizing and processing informa-
tion which also requires some time, Therefore, the basis for
comparison of the efficliency should be the cumulative tlime needed
to perform all these tasks and in the proper sequence, To make
a proper comparison of these efflclencles we must have a look at
the "methods time measurement analysis" of the task made by

Hellfach.5

> Harcld Guetzkow and Herbert A, Simon, opn. cit., p. 264,

A\
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The Methods-Time measurement is a motlon time study. It 1is
used extensively in industries. This analysis consists in 'i.den-
Ttifying the basic motions needed to accomplish the operational
task and assign these tasks some standard times, Hellfach anal-
yzed each member in each position in the five man group. The
group was arranged first as a three level hierarchy, that 18 1n a
circle pattern and then as a two-level hierarchy, that is s In a
wheel pattern. Hellfach then made & composlite analysis of the
two patterns after having made allowances for the idle time
assoclated with the kind of sequence followed by each arrangement.
For instance it is assumed that = relayer is not able to issue
information until he has received some. On the basls of this
analysls he estimates the operating times as being .437 minutes
or 26,22 seconds for the three level hierarchy and as .445 minutes
or 26.70 seconds for the two~level hierarchy, This is, of course,
not significant as far as the difference in operational motion
Uime 1s concerned., As a matter of fact although it may appear to
be strange, the three level hierarchy comes out to be slightly
Hmore efficlent in this respect, since 1t 1is quicker in making an

answer,

We may, therefore, conclude that, the restrictions imposed
on the communicatlon network has an effect on the performasnce of
the problem, But thls influence 1s not direct; it is only through
the organizational arrangement that the restrictions can effect the

task performance,
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The restrictions do so by altering the ability of the mem=-
bers to organize themselves, As soon as the group discovers the
optimum organizational set-up within the limits set by the restrﬂﬁ
tions in the network, the minimum time spent to solve the problem
by the eirele group, which is one of the extremes, should be
approximately the same as that required by the wheel group which
constitutes the other extreme case., If we generallize, we may say,
that in any communication pattern, Cirecle, Chain, ¥, A or
Wheel, the minimum operatlional time required should be approxi-
mately equal in each group, once the groups have organized them-
selves in an optimum way, l.e., in a way that ensures the fastest
and most rellable answers, A further generalization will lead to
the concluslion, that there should be no dlfference in the minimum
time requiréments for the performance of the task with cotimal.
organlzation, between the networks with restrleted communlcation-
such as the circle, chain, A , Y or wheel networks - and the net=-
work with unrestricted communication, i.e., the all-channel
pattern, since the all-channel network, while organizing itself,
will eventually evolve into one of the restricted patterns and
will in the end become stablized with an ovtimal. organizational

set=up, for fast and accurate communication.

EFFECTS OF CENTRALIT

Before golng Into the detalla of the sublect, 1t would be
better to redefine some of the measures that were mentioned until

now, If we name each member of a five-man group as A, B, C, D
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and E the following relationships exist:

Sum of the neighbors = Sum of the number of neighbors one link

avay from each member,

Example: 1In the wheel group (Fig. 4) the sum: of the

nelghbors 1s computed as follows:

A -E 1

A [N B ~E 1

C -k 1

E D=-X 1

E - A 1

P « E-B 1
E -C 1

FIGURE 4, E « D 1
Sum = 8

Sum of the distences = Sum of the minimum number of links from

all members to all the other members.

Example: For the wheel group (Fig, 4) the sum of the

distances 1s computed as follows:

W e = >
1
= H OO a o

Mipimum number of links

2

N NN
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Minimum number of links

H H ®H #®H o9 o v u g @ a g u o o
!

O o 9w o= =B o W o =H O o o =H v o

[ S A = R 1 T | T . TR T . T U TR % T R % T %

Sunm =

AN
no

Centrallty index = sum of the distances

Minimum number of links from

cne member to all other

- Example: The centrallty index of an individual on the
periphery of a wheel group (Fig. 4) is computed
as follows: '

From the previous example:

Sum of the distances = 32
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The minimum number of links from A to all other members is
computed as follows:
A-B
A -C
A~D
A -E

v ———

-'-]’I—' N M

Sum =

The centrality index is: __ 32 = 4.6
7
In the same way we can calculate the minimum nuaber of
links for B, C and D and then caleculate their centrality indices
which turn out to be the same since they occupy positions similar

to that occupied by A.

In a similar way the minimum number of links from E to all

other members may be computed as follows:

E-A 1
E -3 1
E-C 1
E-D 1
Sum = 4

The centrality index of E is: 22 = 8.0
I

This indlcates that the position of E i1s more central than
those of A, B, C and D.
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Peripherality index = Centrality index of the most central
member, 1l.e., the one wilth the highest
centrality index
=~ Centrality index of the particular

member,

Example: The peripherality indices of members A, B, C, D

and E in the wheel group (Fig. 4) may be computed

as follows:

For A = 8,0 - 4,6 = 3.4
For B = 8,0 = 4,6 = 3.4
For C = 8.0 - 4,6 = 3.4
For D = 8.0 - 4,6 = 3.4
For E = 8.0 - 8,0 = 0.0

This indicates that in the wheel group E 1s the least peri«
pheral (or the most central) of all members of the group while
A, B, C and D are equally peripheral (or equally central) with

respect to one another,

All distances are measured in number of links - a 11nk'
being a channel of communication between two members. Therefore,
the dlstance from A to E in the wheel group is 1, that from A to

B 1s 2, etec...

Bavelas defined the central position or region of a network

as:

gotazigh ONIVERSITESI KUT UPHANES!
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"The class of all cells with the smallest p to be found
in the structure"®
where p ls defined as the longest distance between one position

and any other positlon in the network.

The centrality 1s to be thought of as a function of both
the type of the network and the number of the members in the
group. For instance the centrality of each member in a slx-man
wheel group would be different from those found in the five-man
wheel group since the number of individuals in a group would
affect in different proportions the sum of the distances and the
minimum number of links from one particular member to all the
others,

The followling table shows the centralities of different net-

works.

, Circle
Chain

A
TABLE 1: Centrality of Different Networks

: 6 A. Bavelas, "A Mathematical Model for Group Structure",
Applied Anthropology, 1948, VII, pp. 16-30.
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The following figures show the peripherality indices of

A 3
o)
Y

Fig. b

different networks,

Al- Chaunel

(0)
© (@)

Circle

—@

Plg., e

TABELE 2: Peripherallty of Different Networks

Here 1t would also be worthwhlle remembering that the
minimum number of time units required to reach an answer to a
problem in a five-man group was theoretically given for every
pattern by the formula:

t = integer logo n
where n 1s the number of individuals in the group, and that
therefore, t was equal for any communicatlion network to:

t = integer logs 5

t = 3 time unlits

Here a time unit was defined as the time required for a

communication to be lssued and receilved., A communlcation here
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means a written message carrying some information.

It should also be remembered that the minimum number of
messages needed by a group in order to reach an answer to a pro-
blem in any communication network was given by the formula

C=2(n - 1)
where C 1s the number of communications and n is thé number of

individuals in the group.

The minimum number of communications for a five-man group
1s therefore:
c=2(5~-1) C = 8 communications

The following table may then be constructed,

' No Sum of Sunm of Most Min, Min.
Network of Central  time no
Links Neighbors distances Position units meseages|

Wheel 4 8 32 8.0 3 8
Y 4 8 36 7.2 3 8
All=-channel 10 20 . 20 5.0 > 8
Chain 4 8 40 6.7 3 8
Circle . 5 10 30 5.0 3 8
A , 5 10 34 6.8 3 8

TABLE 3: Summary of Theoretical Aspects of Networks.

THE ORGANIZATION OF DIFFERENT PATTERNS

In this analysis let us first consider the all-channel

group and make it the basls for comparison of all the other groups
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restricted according to different patterns of communication.

THE ALL-CHANNEL_PATTERN

a. Number of open channelg: The number of open one-way

channels in thls pattern is maximum, that is, 20. The members
have, therefore, every channel open to them for communication.
They have to develop a organizational arrangement by cancelling
certaln channels which are of no use, To select those which are
ugeful from among those avallable 1s qulite a difficult task, and

each group has to do this for its own.

b. Number of symmetric positlons: The number of symetric

posltlons,that is positions which have no advantage over one
another as far as the task is concerned, is 5 in the all-channel

pattern. Thls makes the problem more difficult to solve,

¢. Minlmum number of relays necegsary: The minlimum number
of relays necessary in the all-channel group iz 0. Each member

pay communicate with the other, and no relays are necessary. This
may seem to be an advantage at first, but when the disadvantages

fre taken into account 1t secems to be not of much value. ..
TEE CIRCLE PATTERN

a. The number of open channels: The number of open

channels is restricted very much when compared with the all-

channel pattern, There are only 10 one-way channels avallable,

amounting to & 50% reduction.
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b, Number of symmetric positions: The number of symmetric
positions is still the same, that is, 5. Therefore, there is not

a relative advantage among the positions of the members of the
group, as far as the making of the decision 1s concerned.

¢. Minimum number of relay necessary: With the circle
pattern the necessity of having at least two relays arises. That
18, a three-level hierarchy evolves, This means that at first no
single person of the group is within direct reach of the four
other miseing symbols. His two neighbors have to transmit him
their information along with that information that they received

which amounts to having two relays.

When we look at the circle pattern in this way we see that
it needs to evolve an assymmetrical pattern which wlll permit the
processing of information, and also 1t needs to establish relays.
Although to a very small extent, some channel elimination is neces-

sary.

THE CHAIN PATTERN

a. Number of open channels: 1In this pattern there 18 a 60%

reduction in open channels, The number of open one-way communica-
tion channels 1s 8.

b. The number of symmetric positions: The number os sym-
metric positions can be seen in the followlng patiern 2-2-1. This
means that two members of the group have similar positiona, still

two others have two other simlilar poslitions one has a still diffe-
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rent position. But we can see no considerably advantageous posi-
tion, as far as the solution of the problem l1ls concerned. The

posltlons are equlpotential two by two.

¢c. Minlimum number of relays necesgary: Thls pattern

requires a three-level hierarchy too. That 1s, 1t needs at least
two relays to carry out the task. Agaln the two neighbors of a
member have to transmit him thelr information together with what

they receive, since no member has lmmediate access to the other

four missing aymbols.

Therefore, we may say that the chain net has a small advan-
tage over the circle pattern in that it needs no elimination of

channels, a task which already was minimal with the cirecle pattern

Although the chain arrangement is more assymmetrical then the
circle set-up, there is still a need for evolving more assymmetry.

As to the number of relays it 1s the same Iin both networks.
THE A PATTERN

a, Number of open channels: The number of open channels

is reduced by 40 per cent, that is, there are 10 one-way communi-
cation channels., Therefore, there 1a a lot of organizational
work to do with respect to the unncessary channels that have to be

eliminated.

b, Jumber of symmetric positions: Only two positions are

symmetrical here. The other three each have particular character-




THESIS

ROBERF (OLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL PAGE 32

latics. There is the organizational problem of who is going to

formulate the answer. So this is a complication.

¢. Minimum number of relays required: If one of the
extrenlties formulates an answer at least two relays are neces-
sary. But if one of the intermediate positions m&es the decision
only one relay is sufficient. Therefore, the minimum number of

relays required is one.

In short we may not say that the A pattern is more advan-

tageous or disadvantageous than the chailn pattern.

THE Y PATTERN

a. Number of open channels: Here again there is a 60%

reduction in the number of channels, this number being 8. So
there are no unncessary channels and no need to go through an

eliminatlon process, Thils is an advantage over the A pattern,

b. Number of symmetrlc positions: Here only two positions

are symmetrical. The other three are different, The organiza=
tional problem of who is to formulate an answer 1s important. If
one of the symmetrical positions or the other extremity is to form
an answer this 1s very dlsadvantageous posltion since it requires
two relays. ©So one of the intermediate positions should become

the decision maker,

¢. Minlmum number of relays required: A minimum number of

one relay is necessary. Thils happens when the declision maker
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occuples one of the intermediate positions.

In short the Y pattern is better than the A pattern in

that 1t reduces the number of open channele and also 1t reduces

the organizational set-up task,.

THE WHEEL PATTERN

a. Number of open channels: Here the open channels are 8

in number. This means that there are no unncessary channels. The

reduction is again 60%.

b. Number of symmetric pogition: The number of symmetrilc

posltions 1s 4, So one of the positions has a relative advantage
over the others with respect to the decision making process in

this arrangement. This i1s a superiority over the Y pattern.

¢. Minlmum number of necessary relays: The four people o®

the perlphery of the network do not have the power of forming a
solution unless they have information relayed by the person
occupying the central position. Therefore, such a decision
making process would not be advantageous. DBut if the person
occupying the central positlon makes the decisions no relays are
necessary since this person has direct access to the other four
individuals in the periphery of the group. He may receive the
information directly, form an answer and send back the solution
directly to the other four individusls. This avolds the problem

of relaying information and also the organizational problem as to
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which of the four persons on the periphery will make the decision.
This mekes the wheel pattern better than the Y pattern.

In this way, by reducing the number of open channels to a
minlmum, by having a good assymmetric position, and by needing no
relays 1t reduces the organizational problem still further while

keeplng the operational task unchanged.

CONCLUSION

The circle group is the one which has the most difficulties.
First of all this group has to select the member who is to make
the final decision, then it has to establish at least two relays
and also to eliminate some channels of communication which are

unncessary. This last task is minimal.

The chaln group is more advantageous than the circle group
in that it does not need to eliminate unncessary channels., Other-
wise the chain group still has to develop a decision center and

also to establish at least two relays.

The A group has to establish one less relay than the chain
But 1t has to eliminate some channels of communication in order
to achleve an efficlient organizational arrangement. This arrange-

ment needs also the selection of a decision center,

The all=-channel patter holds an intermediszte position as
far as difficulty 1s concermed. It requires both the elimination

of certain communlcatlon channels and the establishment of &
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declalon center, The advantage of thls group i1s that it needs no

relays,

The Y - group 1s next to the A group in that it has the
same orgenizatlonal responsibility of establishing one relay and

selecting a decislon-maker, but it does have to eliminate channels.

The wheel group should have the least dlfficulty, because
11 has no channel to eliminate and no relays to establish. Since
1t has one assymmetric position, highly advantageous as far as

the decislon making i1s concerned it has pretically no organiza-

tional work to do,

From the above discussion we may see that the restrictions
imposed on the network may elther complicate the situation imposed
by the unrestricted network that the all-cahnnel pattern is as thel
circle and chaln group do, or facilitate the process as the wheel
and Y group do. This, of course, depends on the kind of the

regtriction.

At this point 1t may be appropriate to recall the Simon -
Guetzkow hyvothesla that indicate that these restrictions alter
the organizational task rather than the operational task, With
these conslderatlions in mind we may now turn tothe experimental

resulis.
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CHAPTER III
THE EXPERIMENTS AND THE FINDINGS
QVERVIEW

This éhapter starts by describing the experiment, the task,
and the apparatus used. It contlinues by analyzing the results:
it studles the groups as to their speed, their accuracy, their
volume of communication and their stabllity. It tries to under-
stand what the behavioral effects of the networks are, and tries
to relate those psychological findings with the other elements.
Along the way 1t analyses whether any difference between networks

1s gtatistically significant.

THE EXPERINMENT

The purpose of this experiment is to discover if any, the
relationship between the behavior of the group and the pattern of
communication in which it operates., The psychologlcal effect on
the group members of the various communication vatterns, and the
organizational and behavioral effect of this psychology were also

to be investigated.

The experiment was done with groups of a constant size (5
members), employing two-way written communication and the task

was the collectlion of information among members.
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DESCRIPTION OF THE TASK

To each member of the group each labeled by a color, a card
with five symbols out of & possible six was given, Each nember's
card was different from the others in that the missing symbol,

that 1is, the sixth one, was different in each case.

In this way, 1ln any set of five cards there was only one
symbol in common. The discovering of the common symbol among the
members was the purpose of the problem. To this end, the members
in the group communicated with each other by means of written
messages through the communication channels that were open to
them, When a member of the group found out what the solutlon was
he was allowed to communicate it to the others through the allow-
able channels., A message was consldered to be each written infor-

mation going from one membser to another,

The triasl was ended, whenever all five members of the group
informed that they had discovered what the common symbol among
them was. Then another trial was begun, In the new trial another
set of cards, wlth another symbol common to all members was dls-
tributed. The groups were gliven 10 consecutlve trials. The
symbols used and the composition of the cards 1s given in Table
4%

| Six symbols used: O A X 1 +

* The symbols are the same as those used by Bavelsas.
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Trial Symbol missing from Common

No. Black Red Brown Green Blue Symbol
1 A { #* 0 1 +*
Q¥ { 0 (I A + #*
3 # # 1 _ a ; 0
4 - Q A #* + 0
5 0 * + A 1 $
6 A 0 (- # Q +
7 (| s 0 O A #
8 ‘0 * I + 0 A
9 * O‘ L] A 0 +
10 ¥ 0 0 * { A
11 0 ¥ A Q * ]
12 #* 0 (- A + ¢

TABLE 4: Symbols Used During the Experiments

#% The first two trials are glven as warm ups,
THE _APPARATUS

The members were all seated around a table. Each member
was separated from the other by a vertical partition. The parti-
tione had slots which permitted them to communicate with the
other members of the group. Colored arrows showed the way mes-
sages had to be éent in order to reach the appropriate individual,
Each member was gilven a pen writing in ink colored after each
member's color label. The booths were also palinted according to

each member's color label. The members were provided with pre-
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coded message cards to carry information and also with blank cards
whlch they used when trying to organize themselves, The cards
carrying the symbols were given in the form of pads. Each card
was numbered according to the trial number, When the trial was
ended all a member had to do to begin the next trial was to turn
over the page of the pad. Each member indicated that he had come
up with the answer by ralsing hls hand., When all five members
had raised their hands the trial was ended and the next trlal was
started, Before the experimeﬁt started a series of instructlons
were read to the members and they were told that they were compet-
ing with other groups that tried to solve the same problems,
Béfore the experiments began two prellminary trials were done in
order to acqualnt the members with their tasks. Between two
trials 2 minute 1dng intertrial perlods were allowed to let the

group., organize themselves by communicating with the blank cards.

PATTERNS OF COMMUNICATION

The following S5-man patterns were gelected:

< [} d [ -4
v 4 b 4 4
[N
- < o e -
Circle Chain A
4 4 3 b [3
b
4 o f
b
o e L=

All=Channel Y Wheel
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PROCEDURE IN SELECTING

GROUP MEMBERS

In this study the experimental groups were all formed by
students. In order to satisfy the requirements of the study,
elghteen five-man groups operating three by three in each network
were formed, The individuals constituting the groups were select-

ed by a lottery system out of 42 available candidates.
SHORTCOMINGS OF THE STUDY

The main short coming of this study 1s the way in which
members of the groups have been selected, Actually for the 18
fiveFman groups formed 90 people should have been used. However,
as 1t was almost lmpossible to collect so many people, I had to
make do wilth the 42 students that I could find. In view of this
shortcoming I tried to overcome any blas by apprlying a lottery
system to the individuals and in this way rahdomized to a great

extent the participation in the group.

The second shortcoming is, that I had to make do with ten
trials per experiment because beyond that number participmmts
lost thelr patlence and the continuation of the trials became

irrelevant.

Another‘shortcoming was the use of only three experimental
groups per network, The reason for this was that it becane prohi-

bitive to experiment with more than 18 groups in view of the huge

number of particlpants needed, of the costs to be incurred and of
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the time required.

Despite these shortcomings, I tried to have the study as
complete as possible, and it is my personal opinion that the

results would have not been much different had these shortcomings

not ocecured,

ANALYSIS OF THE RESULTS

The time taken by a certain group to reach an answer 1s the
ma jor determlnant of this experiment., An answer was accepted
when all the members of the group had found it. When we compare

the average times for each network the following is seen:

1. The Circle Groups

The circle groups are the slowest of all. From graph
IT it seems that up until the fifth trial they do not seem to
agree upon organizatlonal patterns so as to reduce the time
required to get to an answer, After the fifth trlal they seem to
improve constantly but they do not reach a stable time floor before

the experiment 1s over.

2. The Chain Group

The chain network allows the groupsoperating in this
structure to work quicker than the circle group and to improve 1lts
organization each time & blt more. According to the graph 1t

seems that the groups seem to reach a gquasi=-constant time pattern

towards the middle of the experiment but then continue to be
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more rapld as the trials go on. However, it does not reach a
constant time level before the experiment ends although the ulti-
mate clock-time for the last experiment is shorter than that of

the circle network, (Graph III and Graph I).

3, The A Groups

The A Groups are quicker than the circle and chain
groups, (Graph I) 1In addition to that they appear to be more
steady 1n the evolving of their structural organization. Their
rate of ilmprovement appears to be smoother. However, they,like
the circle and chaln groups do not attain a constant time level
at the end of the trials, but their final clock-time 1is very much

the same ag that of the chain groups,

4, The All-Chanpel Groups

The All-Channel network occuples an intermediate posi-
tion on Graph I. Although the beginning and ending clock=-times
of both the A and All-Channel groups are very close to each
other, the major difference appears to be the curvature of their
curves, The slope in the A network appears to be steeper than
that in the All-Channel network. This would mean that the All-
Channel network tends to be steadler than the A network, and
will eventually evolve a more stable time floor quicklier than

the A network.

5. The Y Groups
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The Y Groups appear to get organized very fast.
From the fourth trial on they show that they already have develop-
red an efficient organizational pattern since their clock~time
1s more or less stable, (Graph VI) On the whole their clock-time]|
seems Lo be shorter than all the other groups except for the

wheel‘group. (Graph I)

6. The Whesl Groups

The Wheel network allows the groups to be the fastest
of all. They are quick in organlzing themselves and get to an

answer very fast. (Graph I)

The results that were discussed above confirm 1in a way our
assumptions: that the group would more easlly develop an efficient
organizational pattern if the organizational task is little com=-
plicated and will have difficulties in developing an efficlent
organlzational arrangement if the organizational task is hard to

cope with.

Qur empiricai findings suggest too that this is true since
the eircle, chain, A&, all-channel, Y and_wheel groups organize
more and more efficiently as one follows this sequence of networks
Therefore our experiments are an empirical evidence supporting

our arguments,
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Wheel Y All-Channel Chain Gircle A
First Group  57.2%  63.9 94,7 130.8  173.0 102.9
Second Group 58,6 T7.4 101.2 136.6 160.8 114,9
Third Group 56.6 55.& 88.2 128.2 171.6 133.1
Mean 57.5 65.6 94,7 131.9 168.5 117.0
# Figupes are Iin seconds
TABLE 5 MEANS OF THE GROUPS
Wheel Y All-Channel Chailn  Circle _A4
First Group  34.0° 38,3 62.0 69.0  116.0  60.7
Second Group 33,0 45.0 61.0 86.7 105.0 67.7
Third Group 31.0 32.7 56.0 65.7 125.7 74.0
Mean 32.7 38.7 59.7 73.8 115.6 67.5
# Plgures are in seconds
TABLE 6: MEANS OF THE THREE FASTEST TRIALS
Wheel _Y _ All-Charnel Chain  Circle A
First Group 572% 639 947 1308 1730 1029
Second Group 586 TT4 1012 1368 1608 1149
Third Group 566 554 882 1282 1716 1331
Mean 574.7 655.7 947.0 1319.3 1684,7 11697
# PFigures are in seconds
TABLE 7: TOTAL TIMES IN EXPERIVENTS
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ANALYSIS OF THE SIGNIFICANCE
QF THE DIFFERENCES BETWEEN NETWORKS

The t test performed on the differences among various net-

works gives us the following results (Table 8),

a. A significant difference exists between the circle net-
work and all the other networks, namely, the chain, A, all-

channel, Y and wheel groups tests.

b. A significant difference existe between the chain net-
work and the wheel, Y, all-channel and circle networks. However,

there is no significant difference between the chain network and

the A network,

¢c. A slgnificant difference exists between the A network
and the circle, Y and wheel networks, Hoever, there is no
significant difference between the A network and the chain and

all~channel networks,

d., A significant difference exists between the Y network
and the circle, chain, A all-channel networks. However, there

1s no significant difference between the Y and wheel networks.

e. The same holds true for the wheel groups which have a
gignificant difference with the circle, chain, A and all=-channel
groups but which do not have any significant difference with the

Y groups.
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In conclusion we uay say that there is a significant diffe-
rence among all the groups except between the A and chain,
and all-channel and Y and wheel groups, as far as the average

over their total time 1s concernead,

In view of the previous conclusion about the performance and
the stabllity of the networks this shows again that the wheel
structure is.the best net of communication for the criterion used
although a Y pattern of comnunicatlion can do the same job with

only & very slight lower verformance,

= 18

Cirecle -~ Wheel ? Chgin ~ All-Channel

t = 16.45 p .0005 t = 4,76 P .0005
Gircle - Y Chain - 4

t = 7.95 P . 0005 t = 1,01 7 .15

Significant
Circle =~ All=Channel
4 - All-Channel
t = 7.91 P . 0005 '
t = 1-35 p .10

CGircle - Chain significant

t = 4.56 p  .0005 A - Wheel
Circle - A t = 3,92 p .0005

t = 3.11 p .002 4 _ v
Chain - Wheel t = 2.74 r 007

t = 16.21 p .0005 All-Channel - Wheel
Chain - Y ' t = 5,68 r .0005

0005 All-Channel - Y
- .l .
t 15.19 P t = 2,29 pr L.017
Y - Wheel

TABLE 8: TEST OF SIGNIFICANCE OF THE DIFFERENCE BETWEEN GROUPS
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ANALYSIS OF THE SIGNIFICANGE OF THE

DIFFERENCE AMONG THE NETWORKS FCR

THE TEREE FASTEST TRIALS

The result of the t test pverformed to find out any signifi-

cant difference among groups is as follows (Table 9 ).

a. There 1s a significant difference among the circle
networks and the other networks, namely, the chain, A , 8ll=

channel, Y and wheel networks.

b. The difference between the chain networks and the circle
Y and wheel networks is significant. However no slgniflicant 4if-
ference exists among the chain groups and the A and all-channel

groups.

¢. The difference between the A group and the circle, Y
and Wheel group 18 significant, but the difference between A

and the All-Channel and chain networks is not slgnificant,

d. The difference between the All-Channel network and the
cirele, Y and wheel groups 1s significant, but there is no
significant difference between the All-Channel network and the

and chalin networks,

e, A slgnificant difference exlists between the ¥ groups

and all the other networks except for the wheel network.

f. A gignificant difference exlsts between the wheel net-

works and all the other networks except for the Y network,
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Circle - Wheel Chain -4

t = 6,49 p .0025 t = 0.40 P .30
Clirecle - ¥ A - wheel

t = 5,22 p .0036 t = 4,45 p .005
Circle - All-Channel Ay

t = 4,23 P .0045 t = 2,61 p .034
Circle - A A - a1l

t = 3,21 p .017 t = 0.87 p .23
Circle = Chain All - Wheel

t = 2,24 p .038 t = 6,18 p .001
Chain - Wheel All - Y

t = 2,96 p .022 t = 2,48 p .037
Chain - ¥ Y - Wheel

t = 2,24 p .038 t = 0,78 v .25

significant

Chain - 411

t =0.99 P .19

TABLE 9: TEST OF SIGNIFICANCE FOR THE 3 FASTEST TRIALS

NUMBER OF MESSAGES

The total number of messages sent by the three groups in

each network is as follows:
Wheel 278
Y 363
All-Channel 927

Chailn

Circle

609
841
534
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Classifying those according to percentages over the total

number of averages exchanged in all groups.

1. All-Channel 26.0% 4, A 15.1%
2. Clrele 23,7% 5. Y 10.1%
3. Chain 17.3% 6, Wheel 7.8%

The results seem to lmply that as the number of symmetric

vositions increase in a network, the level of actlivity of the

group increases too,

ERROR COUNT

An error 1s defined as a wrong answer to the problem,

Wheel Y All-Channel Chain Circle “ngm
lst group 1 0 3 1 4 2
2nd group 0 2 2 2 0 1
3rd group 0 1 D L 3 Q0
1 3 8 4 7 3

~TABLE 10: NUMBER CF ERRORS IN GROUPS

The classificatlion of the groups in terms of errors 1in

deacendling order 1s:

1. All-Channel 4, A ana vy
2. GCircle 6. Wheel
3, Chain

It seems that as more restrictions are put on the network
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the number of errors is reduced.

STUDY OF CENTRALITY

When we compare the figures of centrality with our data, we
see that a certain relationshlp exists. However, this relation-
ship may change with the size of the group. One cannot jump to

the conclusion that wore activity occurs in groups of larger

slzes.,

The peripherality measure that was previously deflned, 1is
introduced to avoid such difflculties, Thls is because a relative
measure 1s obtalned when the centrality index of a certain member
1s subtracted from that of the member occupylng the most central
position. The summation of all indices of peripherality in a
network gives the total peripherality of the network, which is a

somewhat more ladicative measure than the measure of centrality.

When we compare our data with the theoretical peripherality
indices we see that a positlive correlation exists, We may, there-
fore, infer that there 1ls a relatlionshlp between the peripherality
and the behavior, 1.e., the speed and accuracy at which the group
operates, Until now we sald that the structure of the network
had certain effects on the organlizational as well as on the pro-
blem solution aspects of the oroblem. BSoth of these are clearly
a functlion of the behavior of the groﬁp. To the extent that the
behavior of the group 1s related to the peripherality indices we

can arrive at certain deductlions to 1llustrate this, let us assunme
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& perfect situation, By the term perfect, the group is understood
to work at maximum speed and also the members are understood to

be perfeFtly ratlonal, that 1s, that no information is carried
twlce between two ssme individuals, Also, i1t is assumed that the
probability that a member sends a message to anydne of his
neighbors is the same, Under such clrcumstances, certain indivi-
duals in a group and in a certaln network would be likely to
arrlve at an answer sooner than the others. This would be due to
their more advantageous position that they occupy in the network,
The questlon of who occupies the most favorable position is
answered by the highest centrality index or better by the peri-
pherality index which gives the relative advantage that each
member has over the o%her. Clearly, the positions having a veri-
pherality Index equal to zero would be in a more favorable posi-
tion to get to an answer first, To make this more explicit, let
us carry the problem to its extreme and take a wheel group, Here
only the person occupylng the central positlion can formulate the
ansser first, since he will get all the information needed to get
a solution. Therefore, 1ln any given structure, whether it has
been considered here or not, by studying the veripherality indices
one canestimate who 1n the end will be able to find answer to
problems first and therefore staff those positions with people
with adequate qualifilcations for the job, 1.e., more Intelligent,

more capable, more dynamic, faster and more accurate,
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THE STABILITY

H. Guetzkow and H, A, Simon glve the definition of stabillty
as: "The extent ® which a glven pattern persists over a sequence
of trials"., By this definition, they mean that a certaln group
after buillding up an organlzational set-up may use some of the
avallable channels and not use others. As time goes on and the
group dlscovers more efficient ways to communicate and thus come
to an'answer, they may drop some of thelr channels of communica-
tion and use new ones as the need arises, The extent to which a
certain communlcation pattern existed is termed stablility.
Certaln criteris must be set to be able to determine which group
1s stable and which one i1s not. Guetzkow and Simon suggest the

following rating:

1. A segment 1s sable if only one or two of the channels

are used once, twilce or three times during the segment.

2. A segment 1s semi-stable when three to one-half of the
total channels are once, twice or three times used during the

segment,

A segment ls deflined here as the number of trials analysed

at once for stability.

The messages I analyzed were examined as to thelr contents,
1,e., as to whether they were Information carrying or answer

carrying messages. The segments were identified so to be 1 - 4,
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5 =7, 8 - 10 giving more allowance to the first trials since it

was a perlod which may be considered as warm up.

Table 11 shows the findings:

1 =4
5 -7
8 - 10
1 -4
5 -7
8,~ 10
1 -4
5 -7

8 - 10

First Group

Inf.  Ans
S8 s
8 a

S S

First Group

Inf  Ans_
S8 355
S8 3
38 8

WHEEL NETWOQRK

Second Group

Inf Ans
3 5
8 8
S S

¥_- NETWORK

Second Group

Inf Ans
Us S
S S
8 3

ALL~-CHANNEL NETWORK

Mrst Group

Inf Ans
Us Us
Us 55
83 S

Second Group
Inf  ans
Us Us
Us 58
Us 83

Third Group

Inf  Ans
53 S8
a 8
38 3

Third Group

Inf  Ane
Us Us
S5 S
55 S5

Third Grounp

inf Ans
us US
Us Us
s ss
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CHAIN NETWORK

Flrst Group Second_ Group

Inf Ans Inf Ang
us 35 Us 33
S8 5 58 38

S S S S

CIRCLE NETWORK

First Group Second Group

Inf Ans Inf Ans
Us Us 38 us
Us 85 S8 S
S S S S

A NETWORK

First Group Second Group

Inf  Ans  Inf  Ans
us 83 s us
38 S 28 89
3 S S S

In this table:

S
S5
Us

stable

1]

semi-stable

unstable

TABLE 11:

STABILITY OF GROUPS

Third Group

Inf  Ans
Us Us
s 55
S 8

Ihlrd Group

Inf  Ans
Us 28
Us S5
33 55

Third Group

Inf  Ans
Uus U3
SS S5S
53 S
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The per-cent stablility of the networks, i.e., percentage of

groups whilch are stable, semi-stable and unstable to the total

number of groups in the network is as follows:

Stable
Semi-stable
Unsatable

Stable
Semi~-stable
Unstable

Stable
, semi~stable

Unstable

Stable
Semi-stable

Unstabhle

THE _WHEEL NETWORK

Information Answer
77.78 88. 89
22,22 11.11

0 0
THE Y - NETWORK

Information Answer
33.34 77.78
b4, 44 11,11
22.22 11,11

THE ALL-CHANNEL NETWORK

Information Apswer
11.11 11.12
11.11 44,44
77.78 G, 44

THE CHAIN NETWORK

Information Answer
44,45 44,45
22.22 44, 44
33.33 11,11

Total

83.33
16.67

Total
55.55
27.78
16.67

Total

11.12

27.77
61.11

Total

4h, 45
33.33
22.22
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THE CIRCLE NETWORK

Information
Stable 33,34
Semi-stable 20,22
Ungtable 44 44

THE A NETWORK

Informatlion
Stable 22,23
demi-stable 44,44
Unstable 33.33

TABLE 12:

By looking at the totals we may classify networks according

Ansver.
b, 45

33.33
22,22

Answer
b 45
33,33
22,22

PER-CENT STABILITY OF NETWORK S

to thelr stability, semi-stability and instabllity,

Classification of YWetworks according to their gtebllity

Total

33.00
27.77
33.33

Total
335,53
38,39
27.78

1.
24

The Wheel Hetwork
The Y Network
The Chain Network
The Circle Network
The A Network

The All-Channel Hetwork

83.3%%
55.55%
L4, 457
39.00%
33.33%%
11.12%
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Classification of networks sccording to their semi-stebilit
L. The A Network 33.33%

« The Chaln Network 3%, 333

» The Y HNetwork 27.77%

2
5
4. The All-Charnel Network 27.77%
5. The Cirele Network 27.77%
6

. The Wheel Network 16.67%

Clagsification of networks according to their unstability

1. The 4ll-Channel Network 61.11%
2., The Circle Network 33.33%
3 The A Network 27.77%
4, The Chain Network 22.22%
5. The Y Network 16.67%
6. The Wheel Network 0

The examination of the stability of groups sheds even more
light on our theory. When we look at our 8tabllity tables, we
see that the wheel networks are the most stable of all, as far as
thelir organizatlonal set up 1s concerned, Following the wheel
groups are the Y, Chaln, Cirecle, A and All-Channel groups which

are less and less stable, in that order,

The instabllity table shows, that the order is the same
except for the circle and A groups, which have changed places,

when we llst them in increasing order of instability. The switch

of places between the A and the circle groups is that part of
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their percentages is taken up by thelr semi-stable positions.

This result makes a testimony for the hypothesis that
groups become more stable when certain restrictions are put as
far as thelr communication channels are concerned. This puts

the wheel network into an organizational advantage,

THE_PSYCHOLOGICAL EFFECTS QF T

¥ — v ——

HETWORKS

A48 we remember, we had divided the task of solving the pro-
blem into two: the organizational task and the solving task,
During the organlzational inter-trisl perlods members of the
group do get aware of thelr answer Tormulating capacity. Certain
individuals hecome aware of the fact that, perhaps, they can not
arrlve at an answer at all while others recognize that they only
can form an answer. This might most probably happen in the wheel
group. However, in the all=-channel or circle groups people might
become aware that all positions are equipotential. These facts

are also clearly shown by the peripherality and centrality indices

The factor of having answer formulating power should in
some way affect psychologlically the members of the group. In thein
essence the discussio@ipf peripherality and symmetry boil down to
the same concluslon. In fact they are the same, The effect of
the psychologlcal state ln which members fall due to their positior

potential, on the organlizational task cannot be overemphasized.
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For one thing the extent to which the psychology of the group

effects the speed of the process, the number of messages communi-
cated 18 uncertain and cannot be reckoned. However, 1t should be
recognized that the centrality, peripherality and symmetry affect

behavior by reducing or increasing independence as the case may be,

In order to find out the effect of each network on the
psychology of the individuale in the group, the followlng ques-

tlons were paused to each participant at the end of the experiment

1. How do you rate your satisfaction 1n the group durlng
the experiment?

Good Fair Bad

2. D1id your group have a leader?
Yes No

5+ Do you think a change in the organization of the group
18 necessary to improve the efficlency?

Yes No

The answers to the first question were found to be as in

Table 13,
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Good Fair Bad
Wheel 8% 38% 54%
Y 9% 63% 28%
All-Channel 61% 22% 17%
A 11% 57% 32%
Chain 47% 384% 15%
Circle 63% 26% 11%

TABLE 13: gSatisfaction rating in networks

The answers to the second question were distributed as in

Table 14,

Yes No
Wheel 100% -
Y 98% 2%
All-Changel 62% 38%
A 91% 9%
Chain 65% 35%
Cirele 59% 41%

TABLE 14: Awareness of leadership rating

The answers to the third questlon were distributed as in

Table 15.
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Wheel
Y
All«Channel

A
Chain
Circle

TABLE 15:

If we classify the networks in terms of satisfaction in

descending order:

l. The
2. The
3. The
4, The
5. The
6. The

If we classify the networks in terms of dissatlsfaction in

descending order.

Yes
3%
3%

124
6%

17%

23%

Need for change in the networks

Cirecle Network
All-Channel Network
Chain Network

A Network

Y Network

Wheel Network

1, The Wheel Network

2. The
3. The
4, The

5. The
6. The

A Network

Y Network
All=Channel Network
Chaln Network

Circle Network

No

97%
97%
88%
94%
83%
7%
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The results of this classification are compatible,

members of a network who show most satisfaction are the least

dissatisfied with thelr task and vice-versa.

change in the places of the Y network and the A network.

ls clearly due to the distribution of "falr" answers in the two

networks,

The elassification of leaders in terms of awareness of

leadership in order of Increasing awareness is as follows:

The groups most llable to change can be classlfied as follow:k

1.
2
3.
4,
5

*

The Circle Network

The all=Channel Network
The Chaln Network

The A Network

The Y Network

The Wheel Network

The Circle Network

The Chailn Network

The All=-Channel Network
The A Network

The Wheel and ¥ Networks

Combining these results in Table 16.

There 1s only a

The

This
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Awarenegss Need
Ordep Satisfaction Leadeighio ggégggg
1 Circle Circle Circle
2 All-Channel All-Channel Chain
3 Chain Chain Al)l-Channel
4 A 4 A
5 Y Y Y
6 Wheel Wheel Wheel

TABLE 16: Combined table of satisfaction, awareness of
leadership and need for change

This table may be read as, e.g., the circle groups which
offer the greatest amount of satisfaction have thelr members the
least aware of the presence of a leader and are the grouns which
are the most liable to change. A close inspection of thils table
shows us that a close correlation exlsts between the satisfaction
of the group members, their awareness of a leader and that the
possibility of a change in organization is related to those
factors, We may-say that, the level of satisfaction of an indivi-
dual In the group 1s inversely proportional to nis awafeness of
the presence of a leader. This suggests to us that the more
symmetrical positions in the network and the less the restrictions
imposed by the network the more the satisfaction of the partici-
pating persons, and the more the satisfactlon of these persons,
the more they are able to reallze the changes necessary to

improve the efficiency of the group. But this leads us to another
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sltuation, because as the members will suggest other patterns of
comnunications in order to increase the efficiency of the group,
the network will tend to become more and more restricted, with
less and less symmetrical positione which will lead to the
awareness of a leader in the group and which will create dissatls+
factlon. Therefore, even if we have a highly decentralized
pattern at the beginning offering to the wembers of the group a
great deal of satisfaction, this network will slowly drift towards

a more centralized pattern for the sake of efficlency.

COMPARISON OF RESULTS WITH PREVIOUS WORKS

Leavitt had used 15 trials per experiment and Guetzkow and
Simon had used 20, However, due to the prohlbitive amount of
time, money and people required for experiments of such a large

scale, I had to make do with 10 trials per experiment .

All the studies done up to now had involved only male stu-
dents, In the present study both men and women students were

used in the experimental groups in a mixed pattern,

The comparison of the mean tlimes for the three fastest
trials in the circle and wheel networks which are the only common
networks used by Leavitt, Guetzkow and Simon and I, can be shown

in the following comperative Table 17,
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Leavitt Guetzkow and Simon Present Study
Wheel 31.8 sec 27.6 sec 32.7 sec
Circle 49,8 sec 43,8 sec 115.6 sec

TABLE 17: Comparison of Previous and present results.

The difference may be accounted for by the small number of
trials per experiment that were done auring the study. It is to
be expected that the mean of the three fastest trials until the
10th trial will be higher than those until the 15th or 20th trials
This is especially true for the circle network which is the
slowest to stabilize. This also accounts for the greater diffe-

rence amnong the circle networks than the wheel networks.

As to the concluding regsults, the results of the gresent
study are compatible with the findings of Guetzkow and Sinmcn.
Their stﬁdy concludes that it is the organizational task which is
important rather than the operational task, and their findinss
say that, freedom of communication in a network, is more restric-
ting from the organizational point of view, than restricted
communication patterns. The present study confirms this conclu-

sion,
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! CHAPTER IV
CONCLUSION

In the analysis of different groups in different networks
the initial hypothesis was that the time required by a group to
organize ltself was different than the time required to arrive at
an answer. In fact 1t was said, that there should not be any
slgnificant difference in the time required by different groups,
in different networks, once they were efficlently organized.

This hypothesis seems to be confirmed by the emplrical results
obtained. Therefore, the crucial matter becomes not how fast the
group arrives at an answer, but how fast it can organlze 1tself
into an efficient pattern of communication. The speed of organi-
zatlon can be increased by eliminating unnecessary channels, by
organizling relay, and by puttlng persons into non-symmetric posi-
tlons, 1.e., with a high centrality or low peripherality index

80 that theyean play the part of a key-man,

On the other hand, from the answers of the participants to
a questionnaire, it was found that certaln characteristic psycho-
logical factors, such as enjoyment of the task, awareness of
leadership, which are related to satlsfaction, were present durin:-
the experiments. But I do not feel that one can jump to a con-
clusion of assessing a one to one‘relationshin between the
psychology of the individual and the orzarklation and performance

of the groups, By this I mean that the measure of symmetry or
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centrallty does not establish a bridge between satisfaction and
performance, i.e., we cannot say that the limits put on the inde-
pendence of action, via centrality which affects the psychologilcall

behavior of the group, hawe a large impact, if at all, on the

performance of the group.

However, we may say that, 1f symmetrical vositions are
evenly distributed, this will pevent the emergence of a leader
for a time, will reduce the speed of organization and will incres
satisfaction., However, with symmetrical positions evenly dlstri-
buted, the group will be wmore aware of the opnortunities to reor-

ganlze the pattern into a more efficient one.

As a result we may conclude, that we cepnot say that ore
network is more advantageous than another, as far as the rerfor=-
mance after the most efficient orzanization hasg bteen established
1s concerned. However, Lf orzanizational speed is of interest,

a wheel or Y or A network may be the best soluticn. On theobher
hand, 1f individual setlsfactlon is at stake, a wmore equalitaric:,
more participative network such as the all-channel, the chain or

the clrcle networks may be selected. The aim of each arrangement
being different, it is up to the wansgement to select a comvonlicsd
tlon network that best fits lts own policles and the envirormentsall
conditions in whlch the 1nstitutlon is located, The prohblem thren
boils down to one in whleh elffliclency of communicatlon or rather

efficiency of orgarizing communication, as far as speed and

accuracy are concerred, ls to be welshed carefully against satie-
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faction of the individuals belonging to the institution.

However it should be kept in nmind that, all the results
derived here are the communications which are carried out exclu-
sively in the written medium. A1l generalization made here hold
only for written communication. However, one might say tuat
since the initial assumstion was thet each individual participa-
ting in the experiment was gqually capable and intelli~eat, these
individuals would be also equally capable if they were doinz oral
communication. Therefore, under this assumption the zgeneraliza-

tion may be made.

SUGGESIIONS ¥O4 FURLS ol Roupin.lCl

In order to broaden the present studies, it would be inter-
esting to do some research with zroups of larger size, nauely,
groups with six, seven, eight or more menbers. The results of
these studies can then be compared with the findings of experi-

ments using five-man groups.

In this way one might see the extent to which the generali-
gation made from the results of five-man group experineants are

valid.

Another kind of research would be to study ftwo or more
groups, operating with ginilar or different comnmunication neitworks
and connected among then by one or more channels. The groups may
also be varied in size. Such arrangeuents uay be asserted to

simulate the communication witiiin and between departiests in an

ormanizaficn. Por instance, a wheel networi with another network
o
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at its hub and networks of varying size and nature on the peri-
phery may be thought to sinulate a centralizead orzanization
managed by a committee. By motivating research in this direction,

it is my belief, that great improvements may be brought to commu-

nications in orsanizations.

The experiments that were performed do not take into account
the prejudiceg that may exist. If one wishes to neasure the
effect of prejudices, ne nay perform experiments with a slightly
different apparatus, namely, with an anparatus having transparent
partitions. Or better, control groups where individuals do not
know each other, and experimental grouns whose people see each
other through fransparent partitions may be experimented with and
the existing differences in resulis, if any, can be tesied as to

their significance,

In tais work satisfaction was measured as enjoyment of the
task the members of a group carried out. However, tiie acceptabi-
lity of the decision was not tested. Anyway, the final answer to
the problem did not lend itself to such an investigation because
the answers did not really matter to the participents. However,
if anybody wishes to measure tie accetance of the final answer
by the members of the group, he nizht inftroduce sone kind of re-
warding system in the experiment. The reactions of tne individuals
to thet kind of a test may be measured by making them ansver a

questionaire similar to the one used here to measure satisfaction

of performing the %ask.
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APPENDIX A

RESULTS OF THE EXPERIMENTS
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Trial

W 0 N oy B

f
o

148%

87
66
34
28
45
35
35
35
32

L

TABLE 18a:

.

MEMEERS

139 1%6 141
% 83 94
63 52 55
37 30 43
36 26 33
34 29 41
33 24 27
32 28 28
33 24 28
28 20 25

All flgures are 1in seconds

145
o7
59
41
30
38
30
20
31
30

##% E means error

66E**
43
36
45
35
35
35
32

THE WHEEL NEIWORK First Group

Time Elapsed

12
14
14
13
10
16
11
10
11
12
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Trial MEMBERS
~No. I A _I1n IV v End Time Elapsed
1. 172 165 160 169 163 172 12
2 80 93 77 84 89 93 16
3 57 60 47 50 54 60 13
4 45 38 35 48 40 48 13
5 28 34 25 27 31 38 13
6 28 31 21 24 34 34 13
7 25 22 19 28 30 30 11
8 38 34 31 36 41 41 10
9 30 28 25 32 35 35 10
10 33 27 22 30 35 35 13

TABLE 18b: THE WHEEL NETWORK Second Group
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Trisl HEMERRS
Ne. I I III. IV _YV_  End_ _Time Elapsed
1 140 145 134 137 142 145 11

2 85 80 72 77 89 89 17

3 50 53 44 48 56 56 12

4 40 46 34 38 43 46 12

5 30 24 2l 33 28 33 12

6 30 25 22 27 32 32 10

7 30 33 26 35 38 38 12

8 43 41 35 38 45 45 10

9 40 34 30 37 43 43 13

10 34 31 28 o 37 39 39 11

TABLE 18¢: THE WHEEL NETWORK Third Group
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Iriel No, Total Time Time Elspsed
1 155 12
2 93 16
3 61 13
4 46 13
5 36 12
6 37 13
7 34 11
8 40 10
9 38 11
10 35 12

TABLE 18d: THE WHEEL NETWORK Averages
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Trial MEMBERS
No, I AL I IV v End _Time Elapsed
1 155 147 152 157 161 161 14
2 110 101 92 90 95 110 20
3 70 65 60 71 57 71 14
4 29 20 25 32 29 32 12
5 40 34 29 38 42 42 13
6 40 36 %0 39 41 41 11
7 39 34 28 37 42 42 14
8 45 42 33 38 44 45 12
9 45 42 35 39 45 45 10
10 48 43 38 47 50 50 12

TABLE 19a: THE Y NETWORK First Group
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YEMBERS

End  _Time Elapsed

Trial
No. . L. 111 v _¥
1 169 166 159 162 155 169
2 144 138 134 142 146 146E™
3 112 108 100 111 104 112
& 53 48 43 55 52 55
5 50 47 40 43 48 50
6 46 44 33 37 40 46
7 60 57 46 50 53 60E
8 43 37 33 41 44 44
9 45 40 35 43 47 47
10 45 41 32 37 41 45
TABLE 19b: THE Y NETWORK Second Group

14
12
12
12
10
13
14
11
12
13
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MEVBERS
Trial -
Ho. o I I _IIT M IV v End Time Elapsed
1 141 144 147 150 155 155 14
2 89 85 93 96 99 99 14
3 64 61 58 64 53 64 11
4 36 30 27 33 36 36 9
5 31 28 24 30 33 33 9
6 30 22 27 20 32 32 10
7 34 31 23 27 34 34E 11
8 34 30 22 26 34 54 12
9 32 27 22 33 30 33 11
10 31 28 24 31 34 34 10

# B means error

TABLE 19c¢: THE Y NETWORK Third Group
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Irial No, Total Time Time Elapsed
1 162 14
2 118 15
3 82 12
4 41 11
5 42 11
6 40 11
7 45 13
8 41 12
9 42 11
10 42 12
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Prial MEMBERS
Me.. I Ir _1ix LS End Time Elapsed
1 160 171 167 176 164 176 16
2 125 132 128 135 140  140E 15
3 108 115 124 111 120 124 16
4 99 107 101 96 92 107 17
5 78 75 73 70 81 81 11
6 60 65 62 68 57 68E 11
7 59 64 62 62 55 Gl 9
8 65 59 61 55 57 65E 8
9 61 61 57 54 50 61 11
10 61 52 55 58 50 62, 11
TABLE 20a: THE ALL-CHANKEL NETWORK First Group




THESIS

ROBERT (OLLEGE GRADUATE SCHOOL
BEBEK, [ISTANBUL

PAGE 8O

1 168
148
131
101
95
70
62
53
50
46

LC R o e T V) I R CVRR

=
o

TABLE 20b:

THE ALL-CHANNEL NETWORK Second Group

I _IIr
182 172
143 140
131 122

96 100
90 94
82 79
70 Y
57 50
56 60
55 57

1V v End Time ¥lansed
178 163 182 19
153 148 153 13
126 136 136 14
109 105 109E 13
86 82 95 13
T4 76 82 12
72 70 T2k 10
63 66 66 13
60 54 60 10
5l 535 o7 11
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Trial RNEERS

No. I II _II1I IV
1 144 162 150 140
2 142 140 130 127
3 113 116 105 119
4 91 100 96 105
5 59 64 69 67
6 57 60 60 48
7 42 47 57 54
8 55 57 50 40
9 55 55 39 44

10 48 53 56 43

TABLE 20c:

THE ALL-CHANNEL NETWORK Third Group

V' End Time EZlansed
155 16z 22
136 142 15
112 119ZE 14

93 105 14

54 69 15

53 60E 12

51 57 15

46 57TE 17

49 55 16

40 56 16
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Irial No. Total Time Time Elapsed
1 173 19
2 145 15
3 126 15
4 107 15
5 82 1%
6 70 12
7 64 11
8 63 13
3 59 12
10 58 13

TABLE 204: THE ALL~-CHANNEL NETWORK Average
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Trial HELERS
Ho. I 1T I1x v v End Time Elavsed
1 185 179 190 195 199 199 20

2 188 183 178 174 170 188 18

3 170 164 157 173 178 178 21

4 194 186 180 175 183 194 19

5 112 106 96 101 106  112E 16

6 98 93 88 80 84 98 18

7 132 129 124 118 128 132 14

8 77 72 67 78 81 81 14

9 63 59 54 63 67 67 13

10 57 54 51 57 59 59 8

TABLE 2la: THE CHAIN NETWORK First Group
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Trial MEMBERS

No, I 11 LI IV v _End Time Elapsed

1 211 207 202 193 199 211 18

2 173 168 161 172 177 177 16

3 165 160 155 149 160 165 16

4 151 145 134 140 144 151E 17

5 108 113 117 121 125 125E 17

6 145 135 139 144 150 150 15

7 129 124 116 120 124 129 13

8 109 105 98 109 113 113 15

9 T4 70 66 T4 80 80 14

10 67 63 55 59 64 &7 12

TABLE 21b: THE CHAIN NETWORK Second Group
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Trial UEMBERS
No. 1 A IIn. v v End Time Elapsed
1 215 210 203 196 207 215 19
2 210 200 189 195 206 210 21
3 165 157 161 167 172 172 15
4 156 150 140 144 149 156 16
5 120 114 106 110 114 120E 14
6 104 99 94 105 111 111 17
7 96 92 87 96 101 101 14
8 73 68 64 73 76 76 12
9 63 59 53 56 €0 63 10
10 58 53 4s4 48 54 58 14
TABLE 2lc: THE CHAIN NETWORK Third Group
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Trial No, Total Time Time Elapsed
1 208 19
2 192 18
3 172 17
4 161 17
5 119 16
6 120 17
7 121 14
8 90 14
9 71 12
10 61 11
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rrial MEMBERS
do. I I1 111 v v End Time Elepsed

1 199 208 210 205 193 210 17

2 194 196 193 182 189 196E 14

3 208 219 224 220 215 224E 16

4 213 208 203 196 209 2136 17

5 201 205 202 197 191 205 14

& 168 175 181 177 172 181E 13

7 144 138 150 153 149 153 15

8 123 134 138 135 129 138 15

9 99 112 117 111 106 117 .18

10 7 87 93 88 83 93 16

TABLE 22a: THE CIRCLE NETWORK First Group
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Trial MEMBERS
-Ho. I Il Il _Iv v ~End. Time Elapsed
1 220 225 219 208 214 225 17
2 192 203 193 188 182 203 2l
3 186 180 169 175 180 186 17
4 160 169 174 170 165 174 14
5 187 191 186 182 175 191 16
6 166 161 156 150 160 166 16
7 133 145 148 144 139 148 15
8 129 124 112 118 123 129 17
9 100 96 90 101 104 104 14
10 79 72 66 79 82 82 16
TABLE 22b: THE CIRCLE NETWORK Second Group
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MEMBERS
X Il  III IV V __ _End_  Time Elapsed
230 224 212 220 225  230E 18
- 177 183 188 182 171 188 17
162 156 166 175 168  175E 19
216 222 226 220 211 226 15
189 186 181 192 197 197 16
169 172 168 163 157 172E 15
158 153 141 148w 154 158 17
127 132 137 143 137 143 16
110 116 122 125 121 125 15
87 97 102 97 93 102 15
TABLE 22c: THE CIRCLE NETWORK Third Group
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Trial No,

1

w o ~1 o M & W

(]
L]

TABLE 224d:

Total Time

222
197
195
205
196
173
153
137
115

92

THE CIRCLE NETWORK Averages

17
17
17
15
15
15
16
16
16
16

Time Elapged
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Trial
No.

P a——

O @O ~N o W

-
(@]

S

165 154
154 157
148 144
119 115
2l 85
87 82
61 56
60 56
55 47
59 55
TABLE 23a:

Il

MEMBERS
P
150
138
140
111
93
T4
45
52
51
50

THE A

IV v End_
153 165 165
149 144 154
128 133 148
127 121 127

96 103 103E

78 83 87E

49 54 61

59 63 63

56 62 62

57 53 59

NETWORK First Group

Time Elapsed
15
16
20
16
18
13
16
11
15

9
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Trial

oy
+ |o

v ® N o0 Wb~ ow N

=
lo]

1 11
162 158
181 175
172 167
130 121
108 105

92 88

84 78

68 58

64 59

59 55

TABLE 23b: THE A  NETWORK Second Group

MEMEERS
JAII 1V v End Time Elapsed
166 176 171 176 18 |
169 160 164 181 21
154 159 164 172 18
125 133 128 133 12
94 99 103 108 14
85 89 81 92E 11
71 62 67 84 22
65 (] 69 73 15
55 68 63 68 13
51 58 62 62 1l
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Trial MEMBERS

No, I II LI IV v End
1 175 171 179 183 186 186
2 178 173 167 180 176 180
3 174 165 169 175 179 179
4 168 164 154 161 165 168
5 151 145 142 148 153 153

v b 127 123 120 126 131 131
7 112 107 100 104 109 112
8 87 82 78 88 85 89
9 68 64 57 66 61 68

10 63 58 53 62 66 66

TABLE 23c: THE A NETWORK Third Group

Time Elapsed
15
13
14
14
11
11
12
10
11

13
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TABLE 23d: THE 4 NETWORK Averages

Irial No, Total Time Time Elspsed
1 176 16
2 172 17
3 166 17
4 143 14
5 121 14
6 103 12
7 86 17
8 75 12
9 66 13

10 62 13
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THE WHEEL NETWORK

First Group second Group Third Group
32 30 32
35 . 34 33
35 35 38

THE Y NETWORK

First Group Second Group Third Group
32 44 32
41 45 33
42 46 33
THE ALL~CHANKEL YETWORK
Flrst Group Second Group Third Group
61 57 55
61 60 56
64 66 57
THE CHAIN NETWORK
First Group Second Group Third Group
59 67 58
&7 80 63
81 113 76
THE CIRCLE NETWORIL
First Group Second Group Third Grouv
93 g2 162
117 104 125

138 129 143




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL PAGE 968

THE A  NETWORK

First Group Second Group Third Group
59 62 66
61 68 68
62 73 88

TABLE 24: Study of the Three fastest trials

THE WHEEL NETWORK

- l 2 .
A >
THE Y NETWOQRK

‘f-= l12.2
THE ALL-CEANNCL HETWQORK

/.. = 13,8

THE CEAIN NETWORE

/~ = 15-5

ITHE CIRCLE ETWORK

/_ = 156.0

THE 4 NETVORYK

= 14,5

TARBLE 25: ELlapsed time to formulate an snaver

Trort Lhe Tirst candidate to the last
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APPENDIX B

CALCULATION OF THE STANDARD DEVIATICN OF NETWORKS
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T ————

57.2
58.6

56,6
1724

a\

X

63.9
TT.4

22
196.7

pid

Al ——————

o4, 7
10l.2
88.2
284.1

0\.

CALGULATION QF THE STANDARD DEVIATION

THE_WHZEL NETWORK

~

G
3271.84
3433.96

_3203.56
9909.36

X

9909.736 - (172,4)2

[
“

|

]
O
Mo

¥ WETWORK

THE
2

—
)

4083.21
5990.76

_3062.16
13143.13

=N x - =
X

9
i

11,08
ilO x 11,08 = 35,01

%

THE ALL=CHANUEL NETWORK

Ed
8568.09
10241, 44

_ T779.24

26988.77

fxqg =

2 vlams.l} - (106, 7)°
. .

2

26988.77 - (202.1)2

=1

& = 6.50

Vlo x 6,50 = 20.54

. et —r———

2
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THE CHAIN NETWORK
X %
130.8 17108, 64
136,8 18714, 24 o = 52258,12 - (395,8)°
X 3
128,2 16435, 24 >
395,8 ©  52258,12
J;: 4,41
G = Nxo}z mx4.#l=13.94
THE CIACLE NETWORK
X e
173.0 29929, 00
160.8 25856, 64 g = || 85232.2 505, 4)°
3
171.6 29446, 56 5
505, 4 85232, 20
OE = 6,67
= ﬁx@; = fﬁ'x 6.67 = 21,08
3 %
102.9 10588, 41
114.9 13202, 01 g= || 41506.03 - (350.9 2
133,1 17715,61 5
o. 41506,03
350.9 e = 15,2
x
= ﬁ—lxd-g = ‘E(Tx 15,2 = 48,03
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CALCULATION OF THE STANDARD DEVIATIOKS

WHEEL
I S
572 327184
586 343396
_566  _320356
1724 990,936
—
8 = || 990.936 -.L;zz&lf
3.
2
S = 10,2
_All=Channel
X X2
947 896809
1012 1024144
| 882 77924
2841 2,098,877
s =] 2,698,877 -(2§£ﬂdfij
3
2
S — 65.0

ACCORDING TO TOTAL TIMES

X
639
74

554

1967

Y

%2

408321

599076

306916
1,314,313

[43]
1]

w
|

CHAIN

1308
1368

1282

3958

w
1

S = 44,1

1,

110.8

314,315 - (1067)2

———— P —— P p—

2

x2

1,710,864
1,871,424
_L.643.524
5,225,812

5,225,812 - ngiélf_
3

2
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s 4

X X2 X X2
1608 2,585, 664 1149 1,320,201
1716 2,944,656 - L1331 1,771,561
5054 8,523,220 3509 4,150,603
5 =y 8,523,220 - (5054)2 § =, 4,150,603 - (3500)8
3 3
2 2
S = 66,7 S = 152,0

STANDARD DEVIATION OF THE THREE FASTEST TRIALS

_THE WHEEL NETWORK

X %
24,0 1156,00
33.0 1089.00 ¢ = | 3206.00 - 1_2@39)_2_
31,0 961,00
98.0 3206, 00 -
G = 1.63

r=o; ﬁ: l.63xﬁ=2.82
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THE Y NETWORK

X % |
38.3 1466,89

45.0 2025, 00 b7

32,7 1069,29

4561.18 - (116,0)2
%

2
116.0 4561,18
6}: 6.15
7 = 0y Jl\?=6.15xi 3 = 10,65
THE . CHAIN. NETWORK
X_ e
69.0 4761, 00
2 1
86.7 7516.89 Iz =1 16594.38 ~ (221.4)°
% 7 AEESe2
65,7 4316,49
2
221.4 16594, 38
0; = 11.29
= {§‘= 11,29 x {f 3 = 19.55
THE CIRCLE NETWORK
X %2
116.0 13456, 00 .
105.0 11025.00 0= || 40281.49 - (346.7)%
| 3

e —

_125.7_ _15800.49
46,7 40281, 49

0} = 10.35

' _-:a; ﬁ: 10.35 XG‘—‘ 17.93%
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THE A NETWORK

X X2
60.7 3684, 49
.
67.7 4583, 29 4 =\ 13743.78 - (g02,4)2
=

J4.0_ _5476,00

202. 4 13743,78 :
by = 6.65
7= {¥=6.65 x 3= 1050
THE ALL-CHANNEL NETWORK
X X
62,0 3844, 00 .
61.0 3721, 00 {=| 10701.00 - (12%.022
56.0 3136, 00 )
179.0 10701.00

0;: J.21

7 = [),(_{-I\?l = EX 3.21 = 5,56
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APPENDIX C

GRAPHS
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