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In the present study, work is undertaken to find out how 

different communication networks affect the way in which a solu­

tion to a problem is derived by a small group, and also how these 

different communication patterns affect the behaviour of the 

members of the group. After some conclusions are drawn with re­

gard to the small groups, certain generalizations 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 obtai~ed can be used to improve the com-

munications within organizations, so that their operations become 

more efficient. 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

ACKNOWLEDGEiiEi:1'S 

PAGE ii 

I am especially indebted to Dr. Kenan ~ahin, who as my 

thesis advisor, suggested the present topic to me,_ provided me­

with instructions and ideas to construct an apparatus and to run 

the experiments in a successful manner, motivated me in my re-

search throughout my work, ~lade very helpful comments on the 

study and revised my thesis so that it took its final shape. , 

I also express my thanks to Dr. Alunet Kog for his motivation 

and his instructions. 

I run also indebted to my brother Albert Sidi whose help in 

selecting rnembe:cs for my experimental groups has been invaluable 

and also to my wife Renee without whom I would not have been able 

to conduct my experiments. 

I also extend roy thanks to Mrs. Gillsen Kar;;it who typed the 

manuscript of this thesis. 

Viktor Sidi 

May, 1970 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

TABLE OF CONTENTS 

CHAPTER I - INTRODUCTION • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

~ 

1 

CHAPTER I I - THE THEORY ••••••••••••••••••••••.•••••• " • 5 

Theoretical Considerations •••••••••• 5 

Operational Characteristics 

Efficiency of Communication 

• • • • • • • • • 

• • • • • • • • • 

9 

11 

Development of the Hypothesis ••••••• 15 

Effects of Centrality ••••••••••••••• 21 

Organization of Different Patterns.. 28 

CHAPTER III - THE EXPERIMENTS AND THE FINDINGS ••••••••• 36 

The Experiment • • • • • • • • • • • • • • • • • • • • • • 36 

Description of the Task ••••••••••••• 37 

The Appara tUB ••••••••••••••••••••••• 38 

Patterns of Communication ••••••••••• 39 

Selection of Group Members •••••••••• 40 

Shortcomings of the Study ••••••••••• 40 

Analysis of the Results ••••••••••••• 41 

Analysis of the Significance of 
Differences Between Networks ••••••• 47 

Number of Messages •••.••••..••..•.•• 48 

Error Caun t ......................... 49 

Study of Centrality ••••••••••••••••• 50 

Stability of the Groups ••••••••••••• 52 

Psychological Effects ••••••••••••••• 58 

Comparison with Previous Works •••••• 64 

PAGE iii 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

CHAPTER IV - CONCLUSION AND SUGGESTIONS 

APPENDIX A - RESULTS OF THE EXPERIMENTS 

• • • • • • • • • • • • • • • • • 

• • • • • • • • • • • • • • • • • 

APPENDIX B - CALCULATION OF THE STANDARD DEVIATION OF 

67 

70 

THE NETWORKS •••••••••••••••••••••••••••• 97 

APPENDIX C - GRAPHS ....••..••.•••..••..•••.•.••.•.••..•. 104 

BIBLIOGRAPHY ••••••••••.••••••••••••••••••••••••••••••••• 105 

PAGE i v 



THESIS 
ROBERT COllEGE GRADUATE SCHOOl 

BEBEK, ISTANBUL 

CHAPTER I 

INTRODUCTION 

THE IMPORTANCE OF CUJ.!MUNICATION 
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In today's world most of the activities which go on are 

within the boundaries of an organizational set-up. We can find 

an organizational set-up in most of our society1s institutions. 

The organization of activities is a necessary aspect of any insti­

tution no matter what its objectives are. The institution may be 

a non-profit enterprise as a school, a hospital or it may be 

profit seeking and be an industrial, financial, service or commer­

Cial company. Organization of activities is a necessity for sur­

vival and progress, for in our complex world a large number of 

activities 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 maintained in an organization, heavily 

depends on the ability of its members to communicate with one 

another, when such a need arises. For this reason, a large em­

phasis should be laid upon the communication in ' the organization. 

Communication is created by the fact of employing symbols systema­

tically between individuals in~der to exchange ideas. Basically, 

the individual is dependent on communication and his ability to 

receive it. By the same token, organizations rely upon efficient 

communication in order to be effective. Going a step further we 

ay say, that political, economic and social communities rely upon 
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communication. The fact that huge organizations depend on commu-
• 

nication in order to run, makes communication one of the most 

vital parts of our organizational needs. 

DEFINITION OF THE PROBLEN 

In this work an attempt has been made to answer the follow­

ing questions: How should communication be organized? In what 

way can messages be sent among individuals so that a group can 

solve a problem quickly, arrive at an answer, draw a conclusion 

and make a decision 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 with which a problem can be sol­

ved? How does a communication pattern affect the psychology of 

individuals? What is 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 PREVIOUS 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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All previous researchers in this topic of looking for the 

communication pattern which allows the quickest and most accurate 

solution of problems by small groups, have attempted to test 

different communication networks. The present work gives the 

results of tests carried -in all of these communication networks 

together, and also it gives the results of experiments made with 

an entirely new network, namely the 6 network. 

MOTIVATION FOR THE TOPIC 

The impact that communication has on various aspects of our 

lives, the importance of communication within the organizational 

setting, the wide range of applicability of communication 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 

topic 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 explained in more detail later on. The 

advantage of having to experiment with small groups is that they 

simulate in a good manner a large scale organization, and yet they 

avoid the difficulties encountered in analysing a complex organi­

zatiocal~t-up. In this way attempts to generalize some conclusioos 

may be made. 
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The results of the present study tend to agree in general 

with the findings of previous studies. In their broadest form 

the conclusions are, that centralized communication networks tend 

to speed up the organizational evolution of a group; in central­

ized networks groups stabilize their organizational pattern faster 

than in decentralized ~ommunication networks. However, it is the 

decentralized communication networks which give the greatest satis 

faction to the members of the groups operating with them. Fuller 

details of these findings will be given in subsequent chapters. 

ORGANIZATION OF THE STUDY 

From this point on the work is divided into three main 

parts. These parts are, first the theoretical aspects of the 

study which incorporate such concepts as flexibility, efficiency, 

centrality 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 d.eri ved. 
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CHAPTER II 

THE THEORY 

OVERVIE~ 
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This ohapter oonsiders the theoretioal aspeots of oommunioa­

tion within small groups. It starts out by giving an overview of 

the subjeot and then presents Bavelas' approaoh. Then while dis­

ousa1ng operational oharaoteristios it presents the oonoept of 

flexibility. Then the ohapter oontinues by indioating what the 

minimum number of oommunioations and the minimum time required for 

the solution of a problem by a group are. It goes on disoussing 

what the effeots of oommunioation patterns on individuals are, and 

develops the hypothesis. Along the way it presents suoh measures 

as the sum of the neighbors, the sum of the distanoes, the oen­

trality index and the peripheral1 ty index, whioh help determining 

the effioienoy of a group. The ~ ohapter disousses the organi­

zation of different patterns. More details on all of these oonsi­

derations are given in the following pages. 

THEORETICAL .. CONSIDERATIONS 

Introduotion: A oertain minimum amount of oommunioation is re-

qui red by a group of individuals who have a o~mmOnobjeotive, and 

who need oooperative aotion in order to be able to reaoh a deoi­

sion. By this we mean that if a group is to solve a problem and 

if the information neoessary 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 it 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 achieving 

effective performance. The aim of the present experiment is to 

determine whether different patterns of communication among the 

group members affect the task performance, i.e., whether the 

communication pattern among individuals affect the speed and the 

accuracy needed to reach an answer to a problem, and if an effect 

is determined, what the best pattern of communication is, to 

facilitate the task of finding a solution to a groupls problem. 

The pattern of communication that evolves within a group, 

is determined by several factors. Some of these factors might be 

the cultural background of each individual, his social class, his 

abilities and intelligence. Other determinants ~ the evolution of 

the pattern of communication within the group may be the task to 

be performed, i.e., the problem to be solved and the environment 

in which the group operates. This is also true for groups whose 

communication patterns have been determined by outsiders. In this 

case, differences may occur as to the number of links used - a 
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l1nk be1ng the channel of commun1cat1on between two indiv1duals -

theemount and k1nd of 1nformat1on conveyed - wh1ch may be called 

"channel capac1ty" - and the symmetry of the pattern of commun1ca­

t1on. The symmetry concept will be explained later on in more 

detail. 

The Bavelas Approachl 

A. Bavelas was the p1oneer, who thought of def1n1ng d1men-

s10ns for group structures and set the pace for subsequent experi­

ments carried out by other people. The purpose of the experiment 

being to analyse the structure of commun1cations 1n groups, 

indiv1duals and commun1cat1on channels are the pr1nc1pal 1tems 

that are 1nvolved. The group may then be thought of as cells 

connected to one another. Here the cells represent 1ndividuals 

and the connections represent commun1cation channels. Once these 

analo3ies have been def1ned 1n th1s way, the work of Bavelas' 

may be found to be applicable to the descr1pt1on of communicat1on 

patterns with1n groups. 

Several dimens10ns def1ned by Bavelas may be used to study 

the commun1cat1ve behav10r 1n groups. For 1nstance, the way 1n 

which commun1cation patterns vary may be described by the "sum 

of the neighbors" that each 1ndividual has, each ne1ghbor being 

def1ned as the ind1vidual w1th Whom a member may d1rectly commu­

nicate. 

1 A. Bavelas, "A Mathematical l~odel for Group Structure", 
Applied Anthropology, 1948, VII, pp. 16-30. 
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Differences within and between structures may also be 

accounted for by the concept of "centrality" as defined by 

Bavelas. 
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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 is 

defined by the number of CO!1111lu~nication links which is used to get 

from one position to another by the shortest route. 

Some measures have been introduced by Bavelas to quantit'y 

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" is similarly the summation for all positions, of the 

shortest distances, in links from every position to every other 

one. 

What defines a pattern is the manner in which the cells are 

connected. and not the way in which they are represented on paper. 

Two patterns are said to be the same if they can be bent into the 

same shape without breaking a link. If a link is broken in this 

process, then the two patterns are said to be different. The 

dimensions defined by Bavelas can not define uniquely a pattern of 

communication. For uniqueness, more advanced techniques of mathe­

matics and complex topological concepts which do not enter the 

scope of this study are necessary. 

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

Guetzkow and Simon will be presented. Interpretation of the 
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results of the experiments by both concepts leads to the same 

conclusions. 

OPERATIONAL CHARACTERISTICS 

PATTERN FLEXIBILITy2 

PAGE 9 

The individuals do not need to use all the communication 

channels available to them in order to obtain a solution to the 

problem. The following example will serve to illustrate this in 

a better way: Suppose the pattern of oommunioation of seven links 

as shown in Figure 1 is given. The 

individuals may organize themselves in 

the following manners to solve the 

problem: 

- a and e send their information 

respectively to band d 

- band d send their information to-

gether with what they receive to 0 

FIGURE 1. - 0 formulates the answer and sends 

it to band d 

- band d send the answer respeotively to a and e. 

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

the oommunication pattern and what we will oall a ohain network 

2 Harold J. Leavitt, "Some Effeots of Certain Communication 
Patterns on Group Performance", The Journal of Abnormal and Social 
Psycholop;y, Vol. XLVI (1951) ,pp. 38-50. 
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has been estab11shed. Th1s network may be represented as 1n F1g. 

2. 

b 
t 

c 

""I e 

FIGURE 2. 

Th1s four l1nk pattern may also be changed. If a, b, c, and 

e all send the1r 1nformat10n to d, and d arr1ves at an answer and 

then sends back the answer to a, b, c, and e, what we call a 

"wheel" pattern of commun1cat10n w1ll evolve. Th1s pattern may 

be represented as 1n F1g. 3. 
b c 

e 

FIGURE 3. 

Th1s fact that, the commun1cat10n pattern of the group may 

be changed as shown above so as to accomodate for a fast and 

accurate communicat1on is termed the pattern flex1bility. 

OPERATIONAL FLEXIBILITY: G1ven a certain number of connect1ons, 

and a fixed pattern of communication, this pattern may be used 1n 

several ways which we call operational flexib1lity. G01ng back 

to our cha1n network example, the dec1s1on can be made e1ther by 
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a, or b, or c, or d, or e depending on who sends the information 

to whom and whether it is a, b,c, d or e who occupies the key 

position to formulate the answer. There the decision made is 

unique; however, patterns with two or three decision makers may 

also be used. 

EFFICIENCY OF COMMUNICATION 

The efficiency of communication may be defined as the com­

bined speed and accuracy by which a solution to a problem is 

obtained. This speed depends on the pattern in which groups 

operate. This hypothesiS is supported by the findings of the 

experiments. The following gives us a brief review of the theory 

behind this hypothesis. 

The Minimum Number of Communications: For n indiViduals 

the minimum number of communication C is given by the following 

relationship: 

C = 2 (n - 1)* 

One communication here is considered to be one written message 

carrying information. 

Therefore theoretically, with a certain number of indivi­

duals in a group as the only criterion, 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 Journal of Abnormal and Social 
PsycholoSY, Vol. XLVI (1951), .pp. 38-50. 
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the minimum number of communications C is dependant only on the 

number of individuals in the group n. Therefore, the minimum 

number of communications is the same for all patterns, provided 

that the number of individuals in the group remain constant. 

The Minimum Time Required for the Solution: The assumption 

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. Given this assump­

tion, the minimum time required by a pattern of communication to 

reach a solution to a problem can be computed. The time required 

for a message to be issued by an individual and be received by 

another will be defined as a "time unit". Two cases should be 

considered separately. 

1. The number n of individuals in the group is odd. If 

we suppose that each member in the group can communicate with 

another member of the group Ilx + 1"** is the minimum number of 

time units required for a group with n members (n = 2a + 1) where 

a is a positive integer and where x is defined as follows: 

n or x x ... 1 

i.e. x = integerlog2 n. 

Therefore for a 5 man group the minimum time units required 

can be computed as follows: 

** Harold J. Leavitt, IlSome Effects of Certain Communicatia: 
Patterns on Group Performance," The Journal of Abnormal and Social 
Psychology, Vol XLVI (1951), pp. 38-50. 
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Ans. = :3 

PAGE 13 

Therefore no 5 man pattern can be 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 with n members with n = 2a where a is 

a positive integer and where x is defined as follows: 

or x = log2 n 

Therefore for a 4 man group the minimum time units required 

can be computed as follows: 

x = 2 Ans. = 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 among 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 organizatwr. 
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The central position is very important in this connection. 

Centrality is important because it shows how a position is strate­

gically located with respect to others. This accounts for dif­

ferences in the behavior of the individuals. 

The available information 1e believed. to be the most impor­

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 process it is seen in another way by the group than a person 

who merely waits for the answer to comEl, Centrality which is a 

measure of the distance between members and therefore of the 

availability of information, is consequently very important in 

predicting how the individuals will behave while communicating 

with each other. Here the distance between members of the group 

is 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 differences in the parts played 

by the members operating in each of these different patterns of 

communication account' for the differences in the responsability, 

independence or monotony of each individuals task's. These in 

turn should effect the behavior, i.e., the speed, the agressive-

ness, the accuracy and the flexibility of an indiVidual. 
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The use of a five-man group can be said to simulate to a 

good extent a large-scale organization. This five man group has 

the characteristics of communication of the larger organization, 

but it also avoids some complexities associated with them. 

The problem can be analysed from two points of view: 

1. The effects of restricting communication among 

members or the organizational set-up of the group. 

2. The effects of restricting communication among 

members or the operational task of the group. 

The problem is therefore two-fold. To put it in Herbert A. 

Simon's and Harold GuetZkOW's words the problem has a "procedural" 

or organizational aspect and a "substanti"O:e" or operational aspect 

We may now state the Simon-Guetzkow hypothesis: "Imposition of 

certain restrictions or the communication channels available to a 
I group effects the efficiency of the groups performance, not dire~ 

ly by linking the potential efficienoy of task performance with 

optional organization in the given set, but indirectly by handi­

capping their ability to organize themselves for efficient task 

performance. ,,3 

3 Harold Guetzkow and Herbert A. Simon, "The Impact of 
Certain Communication Nets Upon Organization and Performance In 
Task-Oriented Groups", Management Science, Vol I, Nos. 3 and 4, 
April-July, 1955. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL PAGE 16 

Let us now turn to the hypothesis of Simon, Smithburg and 

Thompson. Their argument is that there is a two-fold oommunioa­

tion in deoision making organization: 

"Communioations must flow to the deoiSion oenter to provide 

the basis for deoision, and the deoision must be oommunioated 

from the deoision oenter in order to influenoe other members of 

the organizations whose oooperation must be seoured in order to 

oarry out the deoision."4 

In our experiment whioh followed the lines of the experi-

ments oarried 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 oommon to 

all is, there is also a two-fold oommunioation flow. 

1. ~±low of information: The only thing a member knows 

at the start of eaoh trial is his own missing symbol. He need no 

know all the other missing symbols to formulate an answer. In 

order to get to a solution eaoh individual has to know his answer 

only and then write it down. The exohange of information of this 

kind, i.e., the exohange of information perltinent as to what 

some of the missing symbols are, is the preliminary step towards 

making a deoision. 

4 H.A. Simon, D.W. Smithburg and V.A. Thompson, ~ublio 
Administration, (New York: Knopf, 1950), P. 220. 
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2. Flow of decision 
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The answer that is found by a member or Bome 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 

participants. 

In any case a division of labor is required in the group in 

order to reach an answer. Here a dichotomous situation evolves 

since: 

a. Either everyone may exchange information with everyone 

or a single participant collects all the information about the 

missing symbol. 

b. Either everyone may form the solution of his own, or 

get specialized so that a single participent arrives at an answer. 

This leads to the fact that: 

c. Either there is no circulation of answers or the answer 

is handed out by a single person. 

The aim of the experiment is to find out which organizatio 

arrangement and which 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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Circle Chain All-channel Y A Wheel 

Of these communication nets, the circle and the wheel 

patterns are the extreme cases. 

In the circle net, if two neighbors send their information 

to respective other neighbors and if in turn, these members relay 

their information together with the information they received to 

the fifth member of the group, this last person may sort out the 

information, make a decision and send back the solution 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 their information to the indivi= 

dual who occupies the central position. This last member may 

process the information, make a decision 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 requires more time 
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to reach an answer because of the time delays involved in the 

relaying of information, both the circle and the wheel group 

require a minimum of eight messages to develop a solution. 
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As to the other networks, namely, those of the chain, Y and 

~ patterns, although they require different times to reach a 

solution the minimum number of messages required is again eight. 

The all channel group may evolve a communication pattern 

similar to any of those discussed before or others. 

At this point a remark is worthwhile to be made. The 

channel usage analysis is misleading in that it supposes that the 

two level hierarchy is twice as efficient as the three-level 

hierarchy. The reason is that this analysis compares efficiency 

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 efficient as the circle 

group may appear to be correct. But we should not forget that 

relaying information is not the only task in the problem. There 

is the question of receiving, organizing and processing informa­

tion which also requires some time. Therefore, the basis for 

comparison of the efficiency should be the cumulative time needed 

to perform all these tasks and in the proper sequence. To make 

a proper comparison of these efficiencies we must have a look at 

the "methods time measurement analysis" of the task made by 

Hellfach. 5 

5 Harold Guetzkow and Herbert A. Simon, op. cit., p. 264. 



THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL PAGE 20 

The Methods-Time measurement is a motion time study. It is 

used extensively in industries. This analysis consists ini,den­

tifying 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 is in a 

circle pattern and then as a two-level hierarchy, that is , in a 

wheel pattern. Hellfach then made a composite analysis of the 

two patterns after having made allowances for the idle time 

associated with the kind of sequence followed by each arrangement. 

For instance it is assumed that a relayer is not able to issue 

information until he has received some. On the basis of this 

ana~ysis 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 

time is concerned. As a matter of fact although it may appear to 

be strange, the three level hierarchy comes out to be slightly 

~ore efficient in this respect, since it is quicker in making an 

answer. 

We may, therefore, conclude that, the restrictions imposed 

on the communication network has an effect on the performance of 

the problem. But this influence is 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 restr 

tions in the network, the minimum time spent to solve the problem 

by the circle 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 generalize, we may say, 

that in any communication pattern, Circle, Chain, Y, Ll or 

Wheel, the minimum operational time required should be approxi­

mately equal in each group, once the groups have organized them­

selves in an optimum way, i.e., in a way that ensures the fastest 

and most reliable answers. A further generalization will lead to 

the conclusion, that there should be no difference in the minimum 

time requirements for the performance of the task with onti':naL 

organization, between the networks with restricted communication­

such as the circle, chain, ~ , 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 optimaL organizational 

set-up, for fast and accurate communication. 

EFFECT~ OF CENTRA~ 

Before going into the details of the subject, it 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 

away from each member. 

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

neighbors is computed as follows: 

A - E 1 

A B - E 1 

C - E 1 

E D - E 1 

E - A 1 
J) 

E - B 1 

E - C 1 

FIGURE 4. E - D 1 

Sum = 8 

Sum of the distances = 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 is computed as follows: 

Minimum number of links 

A - B 2 

A - C 2 

A - D 2 

A - E 1 

B - A.. 2 



B - C 

B - D 

B - E 

C - A 

C - B 

C - D 

C - E 

D - A 

D - B 

D - C 

D - E 

E - A 

E - B 

E - C 

E - D 

Sum 
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Minimum 

= 

number of links 

2 

2 

1 

2 

2 

2 

1 

2 

2 

2 

1 

1 

1 

1 

1 

32 

Centrality index = ____ ~Su~m~o~f~t~h~e~d~i~s~t~a~n~c~e~s __ __ 

I11nimum number of links from 

one member to all other 
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Example: The centrality 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 - 0 

A - D 

A - E 

Sum = 

2 

2 

2 

1 

7 

The centrality index is: ~3!i-"2=-- = 4. 6 
7 

In the same way we can calculate the minimum number of 

links for B, 0 and D and then calculate 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 - B 1 

E - 0 1 

E - D 1 

Sum = 4 

The centrality index of E is: ;22 
4 = 8.0 

This indicates that the position of E is more central than 

those of A, B, C and D. 
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Perlpherallty lndex = Centrallty lndex of the most central 

member, 1.e., the one wlth the hlghest 

centrality index 

Centrallty lndex of the partlcular 

member. 

Example: The perlpherality lndlces of members A, B, C, D 

and E ln the wheel group (Flg. 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 

Thls lndlcates that ln the wheel group E is the least peri-

(or the most central) of all members of the group whlle 

A, B, C and D are equally peripheral (or equally central) wlth 

respect to one another. 

All dlstances are measured ln number of llnks - a 11nk 

belng a channel of communication between two members. Therefore, 

the distance from A to E in the wheel group is 1, that from A to 

B is 2, etc ••• 

Bavelas defined the central position or region of a network 

as: 
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"The class of all cells with the smallest p to be found 

in the structure,,6 
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where p is defined as the longest distance between one position 

and any other position in the network. 

The centrality is 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 six-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 following table shows the centralities of different net-

works. 

• 0 101,,-1: 

'\. .2'·4 

® 
IIIhe .. L 

cV!~il'\ 

TABLE 1: 

iJ • 

ci~de ~ 
Centrality of Different Networks 

Toh.l: 
:1S 

6 A. Eave1as, "A Hathematical Model for Group Structure", 
~pplied Anthropology, 1948, VII, pp. 16-30. 
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The following figures show the peripheral1ty indices of 

different networks. 
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o tHl- (~ ... ".I 

Fig. a Fig. b Fig. c 

Fig. d Fig. e Fig. f 

TABLE 2: Peripherality of Different Networks 

Here it would also be worthwhile 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 10g2 n 

where n is the number of individuals in the group. and that 

therefore, t was equal for any communication network to: 

t = integer 10g2 5 

t = 3 time units 

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

communication to be issued and received. A communication here 
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means a written message oarrying some information. 

It should also be remembered that the minimum number of 
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messages needed by a group in order to reaoh an answer to a pro­

blem in any oommunioation network was given by the formula 

C = 2(n - 1) 

where C is the number of oommunioations and n is the number of 

individuals in the group. 

The minimum number of oommunioations for a five-man group 

is therefore: 

C = 2 (5 - +) C = 8 oommunioations 

The following table may then be oonstruoted. 

No Sum of Sum of l>l:ost IUn. Min. 
Network of Central time no 

Links ):IJeip;hbors distanoes Position units !!Lessages 

Wheel 4 8 32 8.0 3 8 

Y 4 8 36 7.2 3 8 

All-ohannel 10 20 20 5.0 3 8 

Chain 4 8 40 6.7 3 8 

Cirole 5 10 30 5.0 3 8 

l::,. 5 10 34 6.8 3 8 

TABLE 3: Summary of Theoretioal Aspeots of Networks. 

THE ORGANIZATION OF DIFFERENT PATTERNS 

In this analysis let us first oonsider the all-ohannel 

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

THE A~-CHANNEL PATTERN 
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a. !il:!m.Qer of open .c:Jl,annels: The number of open one-way 

channels in this 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 

certain channels which are of no use. To select those which are 

useful from among those available is quite a difficult task, and 

each group has to do this for its own. 

b. Number of symmetric positions: The number of symetric 

positions,that is positions which have no advantage over one 

another as far as the task is concerned, is 5 in the all-channel 

pattern. This makes the problem more difficult to solve. 

c. Minimum number of relays necessary: The minimum number 

of relays necessary in the all-channel group is O. Each member 

~ay communicate with the other, and no relays are necessary. This 

may seem to be an advantage at first, but when the disadvantages 

~re taken into account it seems to be not of much value. 

THE 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 available, 

amounting to a 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 deoision is ooncerned. 

c. Minimum number of relay necessary: With the circle 

pattern the neoessity of having at least two relays arises. That 

is, a three-level hierarchy evolves. This means that at first no 

single person of the group is within direct reach of the four 

other missing 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 oircle pattern in this way we see that 

it needs to evolve an assymmetrical pattern which will permit the 

processing of information, and also it needs to establish relays. 

Although to a very small extent, some ohannel elimination is neces 

sary. 

THE CHAIN PATTERN 

a. Number of open ohannels: In this pattern there is a 60% 

reduotion in open channels. The number of open one-way communica­

tion channels is 8. 

b. The number of symmetric positions: The number os sym­

metric positions can be seen in the following pattern 2-2-1. This 

means that two members of the group have similar positions, still 

two others have two other similar positions 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 is concerned. The 

positions are equipotential two by two. 

c. Minimum number of relays necess~y~: This pattern 

requires a three-level hierarchy too. That is, it needs at least 

two relays to carry out the task. Again the two neighbors of a 

member have to transmit him their information together with what 

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

four missing symbols. 

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 circle 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 is the same in 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 is a lot of organizational 

work to do with respect to the unncessary channels that have to be 

eliminated. 

b. Nymber of symmetriC positions: Only two positions are 

symmetrical here. The other three each have particular character-
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istics. There is the organizational problem of who is going to 

formulate the answer. So this is a complication. 

c. Minimum n~er of relays required: If one of the 

~"mitie.s formulates an answer at least two relays are neces­

sary. But if one of the intermediate positions m~ee the decision 

only one relay is sufficient. Therefore, the minimum number of 

relays required is one. 

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

tageous or disadvantageous than the chain 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 heed to go through an 

elimination process. This is an advantage over the A pattern. 

b. ~ber of symmetric positions: Here only two positions 

are symmetrical. The other three are different. The organiza­

tional problem of who is to formulate an answer is important. If 

one of the symmetrical positions or the other extremity is to form 

an answer this is very disadvantageous position Since it requires 

two relays. So one of the intermediate positions should become 

the decision maker. 

c. Minimum number of relays required: A minimum number of 

one relay is necessary. This happens when the decision maker 
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occupies one of the intermediate positions. 
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In short the Y pattern is better than the I:!. pattern in 

that it reduces the number of open channels and also it reduces 

the organizational set-up task. 

THE WHEEL PATTERN 

a. ~umber 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 position: The number of symmetric 

positions is 4. So one of the positions has a relative advantage 

over the others with respect to the decision making process in 

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

c. IvI1nimum number of necessary relays: The four people 0 11 

the periphery 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. But if the person 

occupying the central position 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 individuals. This avoids 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 makes the wheel pattern better than the Y pattern. 

In this way, by reducing the number of open channels to a 

minimum, by having a good assymmetric position, and by needing no 

relays it reduces the organizational problem still further while 

keeping 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 chain 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 ~ group has to establish one less relay than the chain 

But it has to eliminate some channels of comDunication in order 

to achieve an efficient organizational arrangement. This arrange-

ment needs also the selection of a decision center. 

The all-channel patter holds an intermediate position as 

far as difficulty is concerned. It requires both the elimination 

of certain communication channels and the establishment of a 
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decision center. The advantage of this group is that it needs no 

relays. 

The Y - group is next to the ~ group in that it has the 

same organizational responsibility of establishing one relay and 

selecting a decision-maker, but it does have to eliminate channe~ 

The wheel group should have the least difficulty, because 

it has no channel to eliminate and no relays to establish. Since 

it has one assymmetric position, highly advantageous as far as 

the decision making is concerned it has pratically no organiza­

tional work to do. 

From the above discussion we may see that the restrictions 

imposed on the network may either complicate the situation imposed 

by the unrestricted network that the all-cahnnel pattern i"" 8.S the 

circle and chain group do, or facilitate the process as the wheel 

and Y group do. This, of course, depends on the kind of the 

restriction. 

At this point it may be appropriate to recall the Simon _ 

Guetzkow hypothesis that indicate that these restrictions alter 

the organizational task rather than the operational task. With 

these considerations in mind we may now turn tothe experimental 

results. 
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CHAPTER III 

THE EXPERIMENTS AND THE FINDINGS 

OVERVIEW 
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This chapter starts by describing the experiment, the task, 

and the apparatus used. It continues by analyzing the results: 

it studies the groups as to their speed, their accuracy, their 

volume of communication and their stability. It tries to under­

stand what the behavioral effects of the networks are, and tries 

to relate those psychclogical findings with the other elements. 

Along the way it analyses whether any difference between networks 

is statistically significant. 

THE EXPERp!ENT 

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 psychological effect on 

the group members of the various communication patterns, 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 collection of information among members. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

DESCRIPTION OF THE TASK 
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To eaoh member of the group eaoh labeled by a oolor, a oard 

with five symbols out of a possible six was given. Eaoh member's 

card was different from the others in that the missing symbol. 

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

In this way, in any set of five oards there was only one 

symbol in oommon. The disoovering of the oommon symbol among the 

members was the purpose of the problem. To this end, the members 

in the group oommunicated 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 solution was 

he was allowed to communioate it to the others through the allow­

able channels. A message was considered to be eaoh written infor­

mation going from one member to another. 

The trial 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, with another symbol oommon to all members was dis­

tributed. The groups were given 10 consecutive trials. The 

symbols used and the composition of the oards is given in Table 

4.* 

Six symbols used: o A CJ + * 

* The symbols are the same as those used by Bavelas. 



Tr1al 
No. 

1 

2** 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Black 

o 
o 

11 

o 

o 
* 

o 

* 
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Symbol m1ss1ng from 
Red Brown Green 

o 

* 

* 
o 

* 

o 

o 

* 
o 
o 

!::" 

+ 

o 
o 

o 
o 
o 
11 

o 

o 

* 

* 

+ 

* 

Blue 

o 

o 

o 

o 

* 

TABLE 4: Symbols Used Dur1ng the Exper1ments 

** The f1rst two tr1als are g1ven as warm ups. 
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Common 
Symbol 

+ 

* 
o 

o 

* 

+ 

The members were all seated around a table. Each member 

was separated from the other by a vert1cal part1t1on. The part1-

t10ns had slots wh1ch perm1tted them to commun1cate w1th the 

other members of the group. Colored arrows showed the way mes­

sages had to be sent 1n order to reach the appropr1ate 1nd1v1dual. 

Each member was g1ven a pen wr1t1ng 1n 1nk colored after each 

member1s color label. The booths were also pa1nted accord1ng to 

each member1s color label. The members were prov1ded w1th pre-
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coded message cards to carry information and also with blank cards 

which 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 raising his hand. When all five members 

had raised their hands the trial was ended and the next trial was 

started. Before the experiment started a series of instructions 

were read to the members and they were told that they were compet­

ing with other groups that tried to solve the same problems. 

Before the experiments began two preliminary trials were done in 

order to acquaint the members with their tasks. Between two 

trials 2 minute long intertrial periods were allowed to let the 

group.organize themselves by communicating with the blank cards. 

PATTERNS OF COMMUNICATION 

The following 5-man patterns were selected: 

• 
~A· 
~ \ Je 

Circle Chain 

< J e b c 

'@: Y _x. 
- e.-

All-Channel y Wheel 
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~CEDURE IN.SELECTING 

GROUP Hr~~{BERS -
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In this study the experimental groups were all formed by 

students. In order to satisfy the requirements of the study, 

eighteen 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 is the way in which 

members of the groups have been selected. Actually for the 18 

five-man groups formed 90 people should have been used. However, 

as it was almost impossible to collect so many people, I had to 

make do with the 42 students that I could find. In view of this 

shortcoming I tried to overcome any bias by applying a lottery 

system to the individuals and in this way ·randomized 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 participants 

lost their patience 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 became prohi­

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

number of participants needed, of the costs to be incurred and of 
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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 occured. 

ANALYSJS OF tHE __ RESULT§ 

The time taken by a certain group to reach an answer is the 

major determinant 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 

II it seems that up until the fifth trial they do not seem to 

agree upon organizational patterns so as to reduce the time 

required to get to an answer. After the fifth trial they seem to 

improve constantly but they do not reach a stable time floor bef~ 

the experiment is over. 

2. The Chain Group -'-

The chain network allows the groups operating in this 

structure to work quicker than the circle group and to improve its 

organization each time a bit more. According to the graph it 

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

towards the middle of the experiment but then continue to be 
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more rapid 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. ~_.1 Groups 

The tJ. Groups are quicker than the circle and chain 

groups. (Graph I) In addition to that they appear to be more 

steady in the evolving of their structural organization. Their 

rate of improvement appears to be smoother. However, theY,like 

the circle and chain groups do not attain a constant time level 

at the end of the trials, but their final clock-time is very much 

the same as that of the chain groups. 

4. The All-Channel Group's 

The All-Channel network occupies an intermediate posi 

tion on Graph I. Although the beginning and ending clock-times 

of both the ~ 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 ~ network appears to be steeper than 

that in the All-Channel network. This would mean that the All-

Channel network tends to be steadier than the ~ 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. 
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From the fourth trial on they show that they already have develop­

ped an efficient organizational pattern since their clock-time 

is more or less stable. (Graph VI) On the whole their clock-time 

seems to be shorter than all the other groups except for the 

wheel group. (Graph I) 

6. The Wheel Groups 

The Wheel network allows the groups to be the fastest 

of all. They are quick in organizing themselves and get to an 

answer very fast. (Graph I) 

The results that were discussed above confirm in a way our 

assumptions: that the group would more easily develop an efficient 

organizational pattern if the organizational task is little com­

plicated and will have difficulties in developing an efficient 

organizational arrangement if the organizational task is hard to 

cope with. 

Our empirical findings suggest too that this is true since 

the circle, chain, A , all-channel, Y and wheel groups organize 

more and more effiCiently as one follows this sequence of netWork 

Therefore our experiments are an empirical evidence supporting 

our arguments. 



· 

Wheel 

First Group 57.2* 

Second Group 58.6 

Third Group 56.6 

Mean 57.5 

* Figures are 
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y All-Channel Chain 

63.9 94.7 130.8 

77.4 101.2 136.6 

55.4 88.2 128.2 

65.6 94.7 131.9 

in seconds 

TABLE 5: MEANS OF THE GROUPS 

Wheel y All-Channel Chain 

First Group 34.0* 38.3 62.0 69.0 

Second Group 33.0 45.0 61.0 86.7 

Third Group 31.0 32.7 56.0 65.7 

Mean 32.7 38.7 59.7 73.8 

* Figures are in seconds 

Circle 

173.0 

160.8 

171. 6 

168.5 

C~rc1e 

116.0 

105.0 

125.7 

115.6 

TABLE 6: MEANS OF THE THREE FASTEST TRIALS 

Wheel Y All-Channel Chain Circle 

First Group 572* 639 947 1308 1730 

Second Group 586 774 1012 1368 1608 

Third Group 566 554 882 1282 1716 

Mean 574.7 655.7 947.0 1319.3 1684.7 

* Figures are in seconds 

TABLE 7: TOTAL TIMES IN EXPERIl~ENTS 
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/J. 

102.9 

114.9 

133.1 

117.0 

.1 

60.7 

67.7 

74.0 

67.5 

.1 

1029 

1149 

1331 

ll6::l'i 
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ANALYSIS OF THE SIGNIFICANCE 

OF THE DIFFERENCES BETWEEN NETWORKS 

PAGE45 

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, fJ, ,all­

channel, Y and wheel groups tests. 

b. A significant difference exists 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 significant difference exists between the Ll 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 

is no significant difference between the Y and wheel networks. 

e. The same holds true for the wheel groups which have a 

significant difference with the circle, chain, ~ and all-channel 

groups but which do not have any significant difference with the 

Y groups. 
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In conclusion we may 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 is concerned. 

In view of the previous conclusion about the performance and 

the stability 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 communication can do the same job with 

only a very slight lower performance. 

¢ = 18 
Circle - Wheel Cll/loin - All-Channel 

t = 16.45 p .0005 t = 4.76 p .0005 

Circle .:: ... JL Chain - .1 

t = 7.95 p .0005 t = 1.01 p .15 

Circle - All-Channel 
Significant 

6 - All-Channel 
t = 7.91 p .0005 

t = 1.35 P .10 
Circle...:. Chain significant 

t = 4.56 p .0005 A - Wheel 

Circle - A t = 3.92 p .0005 

t = 3.11 P .002 .1 - Y 

Chain - Wheel t = 2.74 p .007 

t = 16.21 p .0005 ill-Channel - Wheel 

fh!!.),n - Y t = 5.68 P .0005 
All-Channel - Y t = 15.19 p .0005 

t = 2.29 p .017 
Y - Wheel 

t = 0.73 p .22slg. 
TABLE 8: TEST OF SIGNIFICANCE OF THE DIFFERENCE BETWEEN GROUPS 
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ANALYSIS OF THE SIGN.IT.tQh-~CJi:_ OF THE 

DIJ.;'FERENCE ANONG .!tlE NETWORKS FOR 

THE TH~ASTEST TRIAL? 
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The result of the t test performed to find out any signifi­

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

a. There is a significant difference among the circle 

networks and the other networks, namely, the chain, L\ , all­

channel, Y and wheel networks. 

b. The difference between the chain networks and the cirel 

Y and wheel networks is significant. However no significant dif­

ference exists among the chain groups and the ~ and all-channel 

groups. 

c. The difference between the IJ. group and the circle, Y 

and Wheel group is significant, but the difference between 4 
and the All-Channel and chain networks is not significant. 

d. The difference between the All-Channel network and the 

circle, Y and wheel groups is significant, but there is no 

significant difference between the All-Channel network and the 

and chain networks. 

e. A significant difference exists between the Y groups 

and all the other networks except for the wheel network. 

f. A significant difference exists between the wheel net­

works and all the other networks except for the Y network. 



Circle - Wheel --. '-
t = 6.49 

Circle - y 

t = 5.22 
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Chain - Ll 

p .0025 t = 0.40 

A - Wheel 

p .0036 t = 4.45 
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p .30 

p .005 

Circle - All-Channel !J. - y 

t = 4.23 p .0045 t = 2.61 p .034 

Circle - A !J. - All 

t = 3.21 p .017 t = 0.87 p .23 

Circle - Ch§!1.n All - WheeL 

t = 2.24 p .038 t = 6.18 p .001 

Chaip - Wheel alL:.. y 

t = 2.96 p .022 t = 2.48 p .037 

Chain - - Y Y - Wheel 

t = 2.24 p .038 t = 0.78 p .25 

Chain - All 
Significant 

t = 0.99 p .19 

TABLE 9: TEST OF SIGNIFICANCE FOR THE 3 FASTEST TRIALS 

NUMBER QF JIlESSAGES 

The total number of messages sent by the three groups in 

each network is as follows: 

Wheel 

y 

All-Channel 

278 

363 

927 

Chain 

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. Circle 23.7% 5. y 10.1% 

3. Chain 17.3% 6. Wheel 7.8% 

The results seem to imply that as the number of symmetric 

positions increase in a network, the level of activity of the 

group increases too. 

ERROR COUNT 

An error is defined as a wrong answer to the problem. 

Wheel Y All-Channel Chain Qir,-,le A 
1st group 1 0 3 1 4 

2nd group 0 2 2 2 0 

3rd group 0 _,1- -L" 1 3 

1 3 8 4 7 

TABLE 10: NUMBER OF ERRORS IN GROUPS 

The classification of the groups in terms of errors in 

descending order is: 

1. All-Channel 

2. Circle 

3. Chain 

4. Il and Y 

6. Wheel 

_r~, __ · 

2 

1 

0 

3 

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

STUDY OF CENTRALITY 
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When we compare the figures of centrality with our data, we 

see that a certain relationship exists. However, this relation­

ship may change with the size of the group. One cannot jump to 

the conclusion that more activity occurs in groups of larger 

sizes. 

The peripherality measure that was previously defined, is 

introduced to avoid such dif~ulties. This is because a relative 

measure is obtained when the centrality index of a certain member 

is subtracted from that of the member occupying 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 indicative measure than the measure of centrality. 

When we compare our data with the theoretical peripherality 

indices we see that a positive correlation exists. 'ie may, there-

fore, infer that there is a relationship between the peripherality 

and the behavior, 1. e., the speed and accuracy at which the group 

operates. Until now we said that the structure of the network 

had certain effects on the organizational as well as on the pro­

blem solution aspects of the problem. Both of these are clearly 

a function of the behavior of the. e;roup. To the extent that the 

behavior of the group is related to the peripherality indices we 

can arrive at certain deductions to illustrate this, let us assume 
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a perfect situation. By the term perfect, the group is understood 

to work at maximum speed and also the members are understood to 

be perfectly rational, that is, that no information is carried 

twice between two same individuals. Also, it is assumed that the 

probability that a member sends a message to anyone of his 

neighbors is the same. Under such circumstances, certain indivi­

duals in a group and in a certain network would be likely to 

arrive at an answer sooner than the others. This would be due to 

their more advantageous position that they occupy in the network. 

The question of who occupies the most favorable position is 

answered by the highest centrality index or better by the peri­

phera1ity index which gives the relative advantage that each 

member has over the other. Clearly, the positions having a peri­

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 occupying the central position can formulate the 

ansser first, since he will get all the information needed to get 

a solution. Therefore, in any given structure, whether it has 

been considered here or not, by studying the peripherality indices 

one canetimate who in the end will be able to find answer to 

problems fir.st and therefore staff those positions with people 

with adequate qualifications for the job, i.e., more intelligent, 

more capable, more dynamic, faster and more accurate. 
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:J:'HE_ STABILITY 
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H. Guetzkow and H. A. Simon give the definition of stabilit 

as '. "The extent..... hi h i tt i t ~ w c a g ven pa ern pers s s over a sequence 

of trials". By this definition, they mean that a certain group 

after building up an organizatlonal set-up may use some of the 

available channels and not use others. As time goes on and the 

group discovers more efficient ways to communicate and thus come 

to an answer, they may drop some of their channels of communica­

tion and use new ones as the need arises. The extent to which a 

certain communication pattern existed is termed stability. 

Certain criteria must be set to be able to determine which group 

is stable and which one is not. Guetzkow and Simon suggest the 

following rating: 

1. A segment is ~able if only one or two of the channels 

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

2. A segment is semi-stable when three to one-half of the 

total channels are once, twice or three times used during the 

segment. 

A segment is defined here as the number of trials analysed 

at once for stability. 

The messages I analyzed were examined as to their contents, 

i.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 period which may be considered as warm up. 

Table 11 shows the findings: 

l!~]:L NETWORK 

First Group Se.£.912L<l~Jill Third Group 

In:G.. ~n~ Inf &!§. ill ~ 
1 - 4 SS S S S SS SS 

5 - 7 s s s s s s 

8 - 10 S S S S S S 

Y - NETvlORK 

First Grou..12 Second Group Third Group_ 

lnf ~- Int &!§. Inf illl.§. 

1 - 4 SS SS US S US US 

5 - 7 SS S S S SS S 

8,- 10 S S S S SS S 

ALL-CHANNEL NETWORK 

fit§.t Group Second Grou12 Third GrQJl,:Q 

lll! ~ lr!! Ans Inf Ans 

1 - 4 US US US US US US 

5 - 7 US ss US SS US US 

8 - 10 SS S US SS S SS 



1 

5 

8 

1 

5 

8 

1 

5 

8 

First 

In! 
- 4 us 
- 7 ss 
- 10 S 

First 

Inf 

- 4 us 
- 7 us 
- 10 S 

First 

In! 
- 4 US 

- 7 ss 

- 10 S 
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CHAIN NETIVORK 

Grou12 Second Grou12 

~ l!li ~ 

ss us SS 

S SS SS 

S S S 

CIRCLE NETIJQllli, 

Grou12 Second Grou"O 
.~ 

Ans Inf ~ 

us SS us 
ss SS S 

S S S 

t.\ NETi'/ORK 

Grou12 Second Group 

illl!! Inf' Ans 

SS US US 

S SS SS 

S S S 

In this table: 

S = stable 

SS = semi-stable 

US = unstable 

TABLE 11: STABILITY OF GROUPS 
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Third Grou12 

In! illl!! 
us us 
S ss 

S S 

Third Group 

Inf ~ 

us ss 
us ss 
SS SS 

Third Group 

l!ll'. Ans 

US US 

SS ss 
SS S 
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The per-cent stability of the networks, 1. e. , percentage of 
groups which are 

number of groups 

Stable 

Semi-stable 

Unstable 

Stable 

Semi-stable 

Unstable 

Stable 

Semi-stable 

Unstable 

Stable 

Semi-stable 

Unstable 

stable, semi-stable and unstable 

in the network is as follows: 

THE WHEEL N~TWORK 

Information 

77.78 

22.22 

0 

m. Y - NETWORK 

Information 

33.34 

44.44 

22.22 

Answer 

88.89 

11.11 

0 

Answer 

77.78 

11.11 

11.11 

THE ALL-CHANNEL NET\'IORK 

Information 

11.11 

11.11 

77.78 

THE CHAIN NET','IORK 

Information 

44.45 

22.22 

33.33 

Answer 

11.12 

44.44 

44.44 

Answer 

44.45 

44.44 

11.11 

to the total 

Total 

83.33 

16.67 

0 

Total 

55.55 

27.78 

16.67 

Total 

11.12 

27.77 

61.11 

Total 

44.45 

33.33 

22.22 



Stable 

Semi-stable 

Unstable 

Stable 

Semi-stable 

Unstable 
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THE CIRCLE NETWORK 

Information 

33.34 

22.22 

44.44 

THE A NETWORK 

Information 

22.23 

44.44 

33.33 

Answer 

44.45 

33.33 

22.22 

Answer 

44.45 

33.33 

22.22 

TABLE 12: PER-CEliT STABILITY OF NET110RK S 

Total 

33.00 

27.77 

33.33 

Total 

33.33 

38.39 

27.78 
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By looking at the totals we may classify networks accordin8 

to their stability, semi-stability and instability. 

ClassificatioLl of ;;f.twurks according to their stability 

1. The 

2. The 

3. The 

4. The 

5. The 

6. The 

Uhesl HetwoI'k 

Y NetworJ, 

Chain Network 

Circle Network 

A Network 

All-Channel Network 

55.55% 

44. 45;b 

39.00% 

33.33% 

11.12% 
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Classification of networks acco:!:dini:5 to their semi-stabilit:z 

L. The Ll Network 33.33% 

2. The Chain Network 33.33% 

3. The Y Network 27.77% 
4. The All-Channel Network 27.77% 

5. The Circle Network 27.77% 
6. The Wheel Network 16.67% 

Classif~cation of networks accordine; to their unstabilit:z 

1. The All-Channel Network 61.11;~ 

2. The Circle Network 33. 33;~ 

3. The !J. Network 27.77% 
4. The Chain Network 22.22% 

5. The Y Network 16. 67'jb 

6. The Wheel Network 0 

The examination of the stability of groups sheds even more 

light on our theory. When we look at our stability tables, we 

see that the wheel networks are the most stable of all, as far as 

their organizational set up is concerned. Following the wheel 

groups are the Y, Chain, Circle, 4 and All-Channel groups which 

are less and less stable, in that order. 

The instability table shows, that the order is the same 

except for the circle and L\ groups, which have changed places, 

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

of places between the A s.nd the circle Groups is that Dart of 
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their percentages is taken up by their semi-stable positions. 
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This result makes a testimony for the hypothesis that 

groups become more stable when certain restrictions are put as 

far as their communication channels are concerned. This puts 

the wheel network into an organizational advantage. 

THE PSYCHOLO_~lqAL EF:r'ECTS OF 1.illL 

HET\IORKS 

As we remember, we had divided the task of solving the pro­

blem into two: the organizational task and the solving task. 

During the organizational inter-trial periods members of the 

group do get aware of their answer formulating capacity. Certain 

individuals beccme aware of the fact that, perhaps, they can not 

arrive 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 psychologically the members of the group. In thei 

essence the discussio~ of peripherality and symmetry boil down to 

the same conclusion. In fact they are the same. The effect of 

the psychological state in which members fall due to their positwr 

potential, on the organizational task cannot be overemphasized. 
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For one th1ng the extent to wh1ch the psychology of the group 

effects the speed of the process, the number of messages commun1-

cated 1s uncerta1n and cannot be reckoned. However, 1t should be 

recogn1zed that the centra11ty, per1phera11ty and symmetry affect 

behav10r by reduc1ng or 1ncreas1ng 1ndependence as the case may be 

In order to f1nd out the effect of each network on the 

psychology of the 1nd1v1duals 1n the group, the follow1ng ques­

t10ns were paused to each part1c1pant at the end of the exper1menu 

1. How do you rate your sat1sfact1on 1n the group dur1ng 

the exper1ment? 

Good Fa1r Bad 

2. D1d your group have a leader? 

Yes No 

3. Do you th1nk a change 1n the organ1zat1on of the group 

1s necessary to 1mprove the eff1c1ency? 

Yes No 

The answers to the first quest10n were found to be as 1n 

Table 13. 



Wheel 

y 

All-Channel 

t:. 

Chain 

Circle 

TABLE 13: 
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£!oQ..d FaiJ: 

8% 38% 

9% 63% 

61% 22% 

11% 57% 

47% 38% 

63% 26% 

Bad 

54% 

28% 

17% 

32% 

15% 

11% 

Satisfaction rating in networks 
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• 

The answers to the second question were distributed as in 

Wheel 

y 

All-Chan:ael 

A 

Chain 

Circle 

Xes 

100% 

98% 

62<:6 , 

91% 

65% 

59% 

2% 

38% 

9% 

35% 

41% 

TABLE 14: Awareness of leadership rating 

The answers to the third question were distributed as in 

Table 15. 



Wheel 

y 

All-Channel 

!::. 
Chain 

Circle 

TABLE 15: 
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w. 
3% 

3% 

12% 

6% 

17% 

23% 

!'Jo 

97% 

97% 

88% 

94% 

83% 

77% 

Need for change in the networks 

= If we classify the networks in terms of satisfaction in 

descending order: 

1. The Circle Network 

2. The All-Channel Network 

3. The Chain Network 

4. The IJ Network 

5. The Y Network 

6. The Wheel Network 
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If we classify the networks in terms of dissatisfaction in 

descending order. 

l. The Wheel Net'~ork 

2. The ~ Network 

3. The Y Network 

4. The All-Channel Network 

5. The Chain Network 

6. The Circle Network 
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The results of this classification are compatible. The 

members of a network who show most satisfaction are the least 

dissatisfied with their task and vice-versa. There is only a 

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

is clearly due to the distribution of "fair" answers in the two 

networks. 

The classification of leaders in terms of awareness of 

leadership in order of increasing awareness is as follows: 

1. The Circle Network 

2. The all-Channel Network 

3. The Chain Network 

4. The IJ. Network 

5. The Y Network 

6. The Wheel Network 

The sroups most liable to chanse can be classified as fo 1 101';' 

1. The Circle Network 

2. The Chain Network 

3. The All-Channel Network 

4. The 11 Network 

5. The lfueel and Y Networks 

Combining these results in Table 16. 



Order 

1 

2 

3 

4 

5 

6 

TABLE 16: 
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Awareness 
of 

Satisfaction Leadershin 

Circle Circle 

All-Channel All-Channel 

Chain Chain 

A L1 
y y 

Wheel Wheel 

Combined table of satisfaction, 
leadership and need for chance 

PAGE 03 

Need 
for 

QiliulK'<.§. 

Circle 

Chain 

All-Channel 

.1 

y 

\iheel 

awareness of 

This table may be read as, e.g., the circle groups Which 

offer the greatest amount of satisfaction have their members the 

least aware of the presence of a leader and are the groups which 

are the most liable to change. A close inspection of this table 

shows us that a close correlation exists 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 is inversely proportional to his awareness 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 satisfaction of these persons, 

the more they are able to realize the changes necessary to 

improve the efficiency of the group. But this leads us to another 
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situation, because as the members will suggest other patterns of 

communications in order to increase the efficiency of the group, 

the network will tend to become more and more restricted, with 

less and less symmetrical positions which will lead to the 

awareness of a leader in the group and which will create dissatis 

faction. Therefore, even if we have a highly decentralized 

pattern at the beginning offering to the members of the group a 

great deal of satisfaction, this network will slowly drift toward 

a more centralized pattern for the sake of efficiency. 

COMPARISON OF RES.uLTS~J'lITIi....tIl,EVIOUS WO@:S 

Leavitt had used 15 trials per experiment and Guetzkow and 

Simon had used 20. However, due to the prohibitive 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 times 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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LeaVi tt 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 during the study. It is to 

be expected that the ~ean of the three fastest trials until the 

lOth 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 among the circle netYlorks than the wheel networks. 

As to the concluding re~ults, the results of the present 

study are compatible Vii th the findings of Guetzkow and S1:":lOn. 

Their study concludes that it is the or,~anizCl:tional task \"lhic11 is 

important rather than the operational task, and their findings 

say that, freedora of communication in a network, is more restric­

ting from the organizational point of view, than restricted 

communication patterns. 'fhe present study confirms this c011clu-

sion, 
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In the analYSis of different groups in different networks 

the initial hypothesis was that the time required by a group to 

organize itself was different than the time required to arrive at 

an answer. In fact it was said, that there should not be any 

significant difference in the time required by different groups, 

in different networks, once they were efficiently organized. 

This hypothesis seems to be confirmed by the empirical results 

obtained. Therefore, the crucial matter becomes not how fast the 

group arrives at an answer, but how fast it can organize itself 

into an efficient pattern of communication. The speed of organi-

zation can be increased by eliminating unnecessary channels, by 

organizing relay, and by putting persons into non-symmetric posi­

tions, i.e., with a high centrality or low peripherality index 

so that theyflan play the part of a key-man. 

On the other hand, from the answers of the participants to 

a questionnaire, it was found that certain characteristic psycho­

logical factors, such as enjoyment of the task, awareness of 

leadership, which are related to satisfaction, were present durin.· 

the experiments. But I do not feel that one can jump to a con­

clusion of assessing a one to one relationsh.i.D between the 

psychology of the individual and the or,c:antlia tion and performance 

of the groups. By this I mean that the measure of symmetry or 
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centrality does not establish a brid~e between satisfaction and 
'" 

performance, i.e., we cannot say that the limits put on the inde­

pendence of action, via centrality which affects the psychologiC'a. 

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

performance of the group. 

However, we may say that, if symmetrical positions are 

evenly distributed, this will prevent the emergence of a leader 

for a time, will reduce the speed of organization and will incrEH;£ 

satisfaction. However, with symmetrical positions evenly distri-

buted, the group will be more aware of the opportunities to reor-

ganize the pattern into a more efficient one. 

As a result we may conclu;It', t,,:!,L we C8rmot say that one 

network is more advantageous than another', as far as the j:.'erfor-

mance after the most efficient organi~ation has been established 

is concer~led. However, if organizational speed is of interest, 

a wheel or Y or A network may be the best solution. On the othel' 

hand, if individual satisfaction i s at sta%e, a more equali tari"!,, 

more participative network such as the all-channel, the chain or 

the circle networks may be selected. The aim of each arrangement 

being different, it is up to the manae;err,ent to select a cot:11L.unice. 

tion network that best fits its own policies and the enviror;menta" 

conditions in which the institution is located. The problem then 

boils down to one in which efflcl.enoy of communication or rather 

efficiency of organizing comm'Jnication, as far as speed and 

acouracy are concerned, is to be weished carefully against satis-
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However it should be kept in mind that, all the results 

derived here are the comlllUnications wIlic;, are carried out exclu­

sively in the written medium. All generalization made here hold 

only for written communication. However, one might say tl~c,t 

since the ini tial ass')J!l:Jti:m was that each individ~lal participa­

ting in the experiment was equally capable and intelli,',;el1.t, these 

individuals would be also equally capable if they were doing oral 

communication. Therefore, under this assu":ption the generaliza­

tion may be made. 

In order to broaden the present studies, it would be inter-

esting to do SOTje research with groups of larger size, na,,;ely, 

groups with six, seven, eight or more me;:,bers. 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 \'1hich the ::;enerali­

zation made from the results of five-Llall group experi;;;ents are 

valid. 

Another kind of research ':rould be to study two or r.lore 

groups, operatint; with sij:,ilar or different cOl:lflunication networ.i(s 

and connected wHons theE by one or more channels. 'The groups may 

also be varied in size. Such arrangeLle11ts l:lay be asserted to 

simula te the com;;mnication wi tllin and bet-,veen depart; .. ents in an 

orD'anization. For instance, a wheel network wic;h another network 
'" 
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at its hub and networks of varying size and nature on the peri­

phery may be thought to siJ;;ulate a centralized organization 

managed by a committee. By motivating research in this direction, 

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

nications in organizations. 

The experiments that Vlere perfor;'led do not take into account 

the prejudices that may exist. If one wishes to J:leasure the 

effect of prejudices, he Day perform experiments with a slightly 

different apparatus, namely, with an a:)paratus having transparent 

partitions. Or better, control grou.os where ine:ividuals do not 

know each other, and experimental grou,ls whose people see each 

other through transparent partitions may be eXperi!llented with and 

the existini::: differences in results, if any, can be tested as to 

their significance. 

In t;1is work satisfaction was measured as enjoyment of the 

task the members of a group carried out. However, tile acceptabi-

li ty of the decision was not tested. An-y>vay, the final a11SVler to 

the problel;] did not lend itself to sucit an investigation because 

the answers did not really ;r,atter to bhe participents. However, 

if anybody wishes to measure t;,e acce~_:tance of the final answer 

by the men;bers of the group, he might introuuce SOGe kind of re­

wardinz system in the experiment. The reactions of the inuividuals 

to that kind of a test may be measured by laaking them ans-:'er a 

questionaire similar to the one used here to measure satisfaction 

of performing the task. 
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Tr1al 
No. " 

1 

2 

3 

4. 

5 

6 

7 

8 

9 

10 

j, 
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!1ru1B~~.~ 
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_1_ .. ,lL III J:L ..L :End T1me Elapsed 
148* 139 136 141 145 148 12 
87 90 83 94 97 97 14 
66 63 52 55 59 66E** 14 
34 37 30 43 41 43 13 
28 36 26 33 30 36 10 

45 34 29 41 38 45 16 

35 33 24 27 30 35 11 

35 32 25 28 30 35 10 

35 33 24 28 31 35 11 

32 28 20 25 30 32 12 

All f1gures are 1n seconds ** E means error 

TABLE 18a: THE WHEEL NETWORK F1rst Group 



Trial 
No. 

I. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

172 

80 

57 

45 

38 

28 

25 

38 

30 

33 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

ME~1BERS 

-1.L. III JL ..:L 
165 160 169 163 

93 77 84 89 

60 47 50 54 

38 35 48 42 

34 25 27 31 

31 21 24 34 

22 19 28 30 

34 31 36 41 

28 25 32 35 

27 22 30 35 

~ 

172 

93 

60 

48 

38 

34 

30 

41 

35 

35 

TABLE 18b: THE WHEEL NETWORK Second Group 
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~_E 1§,.l2. se!i 

12 

16 

13 

13 

13 

13 

11 

10 

10 

13 



Trial 
No. 
.~-

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

140 

85 

50 

40 

30 

30 

30 

43 

40 

34 

THESIS 
ROBERT (OLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

~BE..@ 

.1.L III -lY..- V .... mL 
145 134 137 142 145 

80 72 77 89 89 

53 44 48 56 56 

46 34 38 43 46 

24 21 33 28 33 

25 22 27 32 32 

33 26 35 38 38 

41 35 38 45 45 

34 30 37 43 43 

31 28 37 39 39 

PAGE 73 

Time Elapsed 

11 

17 

12 

12 

12 

10 

12 

10 

13 

11 

TABLE 18c: THE WHEEL NETWORK Third Group 



Trial 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

No. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

TotaL!!!!le 

155 

93 

61 

46 

36 

37 

34 

40 

38 

35 

:Lime Elan sed 

12 

16 

13 

13 

12 

13 

11 

10 

11 

12 

TABLE 18d: THE lmEEL NETIVORK Averages 
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Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

r 

155 

110 

70 

29 

40 

40 

39 

45 

45 

48 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

MEMBERS 

....lL -ilL . .1:L V 

147 152 157 161 

101 92 90 95 

65 60 71 57 

20 25 32 29 

34 29 38 42 

36 30 39 41 

34 28 37 42 

42 33 38 44 

42 35 39 45 

43 38 47 50 

End 

161 

110 

71 

32 

42 

41 

42 

45 

45 

50 

TABLE 19a: THE Y NET\vORK First Group 
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Time El~.s~ 

14 

20 

14 

12 

13 

11 

14 

12 

10 

12 



Trial 
No •. , 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I -" 
169 

144 

112 

53 

50 

46 

60 

43 

45 

45 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEHBERS 

--lL III J.L V 

166 159 162 155 

138 134 142 146 

108 100 111 104 

48 43 55 52 

47 40 43 48 

44 33 37 40 

57 46 50 53 

37 33 41 44 

40 35 43 47 

41 32 37 41 

End 

169 

146Elf 

112 

55 

50 

46 

60E 

44 

47 

45 

TABLE 19b: THE Y NETWON, Second Group 
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Tlllle.E1apsed 

14 

12 

12 

12 

10 

13 

14 

11 

12 

13 



Trial 
_No..!..... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

" 

I "--. 
141 

89 

64 

36 

31 

30 

34 

34 

32 

31 

E means 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

I-lEHBERS 

.JL III 1.1 -1.L V 

144 147 150 155 

85 93 96 99 

61 58 64 53 

30 27 33 36 

28 24 30 33 

22 27 30 32 

31 23 27 34 

30 22 26 34 

27 22 33 30 

28 24 31 34 

error 
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End Time Elapsed 

155 14 

99 14 

64 11 

36 9 

33 9 

32 10 

34E 11 

34 12 

33 11 

34 10 

TABLE 190: THE Y NETWORK Third Group 



Trial No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Total Time 

162 

118 

82 

41 

42 

40 

45 

41 

42 

42 

Time Elapsed 

14 

15 

12 

11 

11 

11 

13 

12 

11 

12 

TABLE 19d: THE Y NETWORK Average 
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Trial 
..li~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

160 

125 

108 

99 

78 

60 

59 

65 

61 

61 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEMBERS 

II III JL V -
171 167 176 164 

132 128 135 140 

115 124 111 120 

107 101 96 92 

75 73 70 81 

65 62 68 57 

64 62 62 55 

59 61 55 57 

61 57 54 50 

52 55 58 50 

PAGE 79 

End Time Elapsed 

176 16 

140E 15 

124 16 

107 17 

81 11 

68E 11 

64 9 

65E 8 

61 11 

61 11 

TABLE 20a: THE ALL-CHANNEL NET1,VORK First Group 



Trial 
,No ....... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

168 

148 

131 

101 

95 

70 

62 

53 

50 

46 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

HElIBERS 

...lL ~~ _IV V 

182 172 178 163 

143 140 153 148 

131 122 126 136 

96 100 109 105 

90 94 86 82 

82 79 74 76 

70 67 72 70 

57 60 63 66 

56 60 60 54 

55 57 51 53 
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:!illQ Time E1ansed 

182 19 

153 13 

136 14 

109E 13 

95 13 

82 12 

72E 10 

66 13 

60 10 

57 11 

TABLE 20b: THE ALL-CHANNEL NETWORK Second Group 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

144 

142 

113 

91 

59 

57 

42 

55 

55 

48 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEMBERS 

-1L III JL V 

162 150 140 155 

140 130 127 136 

116 105 119 112 

100 96 105 93 

64 69 67 54 

60 60 48 53 

47 57 54 51 

57 50 40 46 

55 39 44 49 

53 56 43 40 
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End Time ;iaaosed .-. .--~-

162 22 

142 15 

119E 14 

105 14 

69 15 

60E 12 

57 15 

57E 17 

55 16 

56 16 

TABLE 200: THE ALL-CHANNEL NET\'/ORK Third Group 



Trial No. --
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Total Tim!". 

173 

145 

126 

107 

82 

70 

64 

63 

59 

58 

Time Elansed 

19 

15 

15 

15 

13 

12 

11 

13 

12 

13 

TABLE 20d: THE ALL-CHANNEL NETWORK Average 
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Trial 
No. 

. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

185 

188 

170 

194 

112 

98 

132 

77 

63 

57 

II 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

JvlElmERS 
-~ 

- III JL V 

179 190 195 199 

183 178 174 170 

164 157 173 178 

186 180 175 183 

106 96 101 106 

93 88 80 84 

129 124 118 128 

72 67 78 81 

59 54 63 67 

54 51 57 59 

PAGE 83 

EnL Time E1aosed 

199 20 

188 18 

178 21 

194 19 

112E 16 

98 18 

132 14 

81 14 

67 13 

59 8 

TABLE 21a: THE CHAIN NETWORK First Group 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

211 

173 

165 

151 

108 

145 

129 

109 

74 

67 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

ME~iBERS 

II III ...1..L V -
207 202 193 199 

168 161 172 177 

160 155 149 160 

145 134 140 144 

113 117 121 125 

135 139 144 150 

124 116 120 124 

105 98 109 113 

70 66 74 80 

63 55 59 64 

PAGE 84 

End ..m~ Elapsed 

211 18 

177 16 

165 16 

151E 17 

125E 17 

150 15 

129 13 

113 15 

80 14 

67 12 

TABLE 21b: THE CHAIR NET','lORK Second Group 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

r .lL 
215 210 

210 200 

165 157 

156 150 

120 114 

104 99 

96 92 

73 68 

63 59 

58 53 

THESIS 
ROBERT COlLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

MEMB.B;J'S 

)r~ .. J.L V 

203 196 207 

189 195 206 

161 167 172 

140 144 149 

106 110 114 

94 105 111 

87 96 101 

64 73 76 

53 56 60 

44 48 54 

PAGE 85 

End Time E1aosed - "--
215 19 

210 21 

172 15 

156 16 

120E 14 

111 17 

101 14 

76 12 

63 10 

58 14 

TABLE 21c: THE CHAm NET\,IORK Third Group 



Trial N<2.1. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Total Ti~ 

208 

192 

172 

161 

119 

120 

121 

90 

71 

61 
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Time Elansed 
---.~----. 

19 

18 

17 

17 

16 

17 

14 

14 

12 

11 

TABLE 21d: THE CHAIN NETIiORK Averages 



Trial 
.1l.9-!.. .. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I -1L '--
199 208 

194 196 

208 219 

213 208 

201 205 

168 175 

144 138 

123 134 

99 112 

77 87 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEMBERS 

_IlL .JJ_ V 

210 205 193 

193 182 189 

224 220 215 

203 196 209 

202 197 191 

181 177 172 

150 153 149 

138 135 129 

117 111 106 

93 88 83 

PAGE 87 

End Time E1ansed -, ..... ---.....-.;;;.-.-
210 17 

196E 14 

224E 16 

213E 17 

205 14 

181E 13 

153 15 

138 15 

117 18 

93 16 

TABLE 22a: THE CIRCLE NETWORK First Group 



Trial 
No, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

220 

192 

186 

160 

187 

166 

133 

129 

100 

79 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

'·!ElmERS 

..lL III ..l:L -Y._ 

225 219 208 214 

203 193 188 182 

180 169 175 180 

169 174 170 165 

191 186 182 175 

161 156 150 160 

145 148 144 139 

124 112 118 123 

96 90 101 104 

72 66 79 82 

End 

225 

203 

186 

174 

191 

166 

148 

129 

104 

82 

TABLE 22b: THE CIRCLE NETWORK Second Group 
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Time Elapsed 

17 

21 

17 

14 

16 

16 

15 

17 

14 

16 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I ~L 

230 224 

177 183 

162 156 

216 222 

189 186 

169 172 

158 153 

127 132 

110 116 

87 97 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEMBERS 

-U.L .J.Y.... V Jnd 

212 220 225 230E 

188 182 171 188 

166 175 168 175E 

226 220 211 226 

181 192 197 197 

168 163 157 172E 

141 148m 154 158 

137 143 137 143 

122 125 121 125 

102 97 93 102 

PAGE89 

~e Elapsed 

18 

17 

19 

15 

16 

15 

17 

16 

15 

15 

TABLE 220: THE CIRCLE NETWORK Third Group 



Trial No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Total Time 

222 

197 

195 

205 

196 

173 

153 

137 

115 

92 

PAGE 90 

Time Elapsed 

17 

17 

17 

15 

15 

15 

16 

16 

16 

16 

TABLE 22d: THE CIRCLE NETWORK Averages 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

165 

154 

148 

119 

91 

87 

61 

60 

55 

59 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEMBERS 

...1L III IV __ V 

154 150 153 165 

157 138 149 144 

144 140 128 133 

115 111 127 121 

85 93 96 103 

82 74 78 83 

56 45 49 54 

56 52 59 63 

47 51 56 62 

55 50 57 53 

End 

165 

154 

148 

127 

103E 

87E 

61 

63 

62 

59 

TABLE 23a: THE A NETWORK First Group 
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Time Elapse£, 

15 

16 

20 

16 

18 

13 

16 

11 

15 

9 



Trial 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

r _II_ 

162 158 

181 175 

172 167 

130 121 

108 105 

92 88 

84 78 

68 58 

64 59 

59 55 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MEJ4BERS 

_11.L -ll_ V End 

166 176 171 176 

169 160 164 181 

154 159 164 172 

125 133 128 133 

94 99 103 108 

85 89 81 92E 

71 62 67 84 

65 73 69 73 

55 68 63 68 

51 58 62 62 

PAGE 92 

1ime Elapsed 

18 

21 

18 

12 

14 

11 

22 

15 

13 

11 

TABLE 23b: THE A NETWORK Second Group 



Trial 
No. 

1 

2 

3 

4 

5 

v 6 

7 

8 

9 

10 

I II -
175 171 

178 173 

174 165 

168 164 

151 145 

127 123 

112 107 

87 82 

68 64 

63 58 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

MEMBERS 

III ..£L V ...!..!l..!L 
179 183 186 186 

167 180 176 180 

169 175 179 179 

154 161 165 168 

142 148 153 153 

120 126 131 131 

100 104 109 112 

78 88 85 89 

57 66 61 68 

53 62 66 66 

PAGE 93 

Time Elapsed __ 

15 

13 

14 

14 

11 

11 

12 

10 

11 

13 

TABLE 230: THE ~ NETWORK Third Group 



Trial No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

THESIS 
ROBERT COllEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Total Time 

176 

172 

166 

143 

121 

103 

86 

75 

66 

62 

Time E1ansed 

16 

17 

17 

14 

14 

12 

17 

12 

13 

13 

TABLE 23d: THE A NETWORK Averages 
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First Groun 

32 

35 

35 

First Group 

32 

41 

42 

First Gro:!:ill 

61 

61 

64 

First Group 

59 

67 

81 

First Group 

93 

117 

138 

THESIS 
ROBERT COlLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

MJ'IHEEL NET;'/ORK 

Second Group 

30 

34 

35 

!!:!)i: y NETWORK 

Second Group 

44 

45 

46 

THE ALL-CHAm/EL ;mnVORK 

Second Group 

57 

60 

66 

THE CHAIll NETIVORK 

Second Groul2 

67 

80 

113 

THE CIRCLE NET\/ORlC 

Second Group . 

82 

104 

129 

Third Group 

32 

33 

38 

Third Group 

32 

33 

33 

Third Groun 

55 

56 

57 

Third Groun 

58 

63 

76 

Third Groun 

102 

125 

143 
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First Group 

59 

61 

62 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

THE A NETHORK 

Second Groun 

62 

68 

73 

Third Group 

66 

68 

88 

TABLE 24: Study of the Three fastest trials 

THE WHEEL NETvlORK 

t = 12.3 

THE Y NETWORK 

t = 12.2 

THE ALL-CHAN1:i:L ;;ETliORK 

t = 13.8 

THE CHm NETIl'ORK 

t = 15.5 

THE CIRCLE :"ETHORK 

t = 16.0 

THE Ll 

= 14.5 

TABLE 25: Elapsed time to fo:"culate an nll,",,'I,n' 
'Z'rnr"c t),e"j rst candidat.,'; to the last 
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CALCULATION OF THE STAllDJ).RJ;! DEVIATION 

M WHEEL NENORK 

X X2 

57.2 3271.84 

58.6 

56.6 

172.4 

3433.96 

3203.56 

9909.36 
';. = 1.02 

(J = iN x 0; = V 10' x 1.02 = 3.22 

63.9 4083.21 
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(172.4)2 
_.2 _ 

77.4 

55.4 

196.7 

5990.76 

3069., . .+.2.-
13143.13 

0;- = 113143.1':'_~. (1?~~J3 

Qj. = 11.08 

q- = fNx V; = ilO'x 11.08 = 35.01 

THE ALL-CHANl:EL ;;ETVTORK ------
X _X2 

94.7 8968.09 

101.2 

88.2 

284.1 

10241. 44 

_ 7779.24 

26988.77 
if = 6.·50 

(J = {N x ~ = flO x 6. 50 = 20. 54 

2 

1 2"",··,2 
.~.:.,-:.:~~ ._--



-X 

130.8 

THESIS 
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THE CHAIN NETWORK 

-2 X 

17108.64 

136.8 18714.24 ~ = ~ 52258.12 -

128.2 16435.24 

395.8 52258.12 
0; = 4.41 

(j" = iN x ~ = ~1O' x 4.41 = 13.94 

THE CIRCLE NET1IORK 

- -2 X X 

173.0 29929.00 

2 

160.8 25856.64 tt= 85232.20 -

171.6 29446.56 

505.4 85232.20 
Oi = 6.67 

tI= {NxQj = fox 6.67 = 21.08 

THE Ii NETWORl, 

-2 
X 

2 

x 
102.9 

114.9 

133.1 

350.9 

10588.41 

13202.01 

17715.61 

41506.03 

q= 
i ~ 41506,03

2

-

(l: = 15.2 
'to 

er= {NX trl = llOx 15.2 = 48.03 
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(;29;;.8) 2 
3 

120 ;2,1+12 
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WHEEL --
.1l. L 
572 327184 

586 343396 

566 320356 

1724 990,936 
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CALCULATIOli.O~ THE STAlWARD DEVIATIONS 

ACCORDING TO TOTAL THIES 

y 

X X2 

639 408321 

774 599076 

554 306916 

1967 1,314,313 

S " ~ 990.9362- (1124)2 
3 

S = 10.2 S = 110.8 

All-Channel -- - CHAIN 

X X2 X X2 

947 896809 1308 1,710,864 

1012 1024144 1368 1,871,424 

882 d 7Z924 
2841" 2, 98,877 

1282 1,643~!L 

3958 5,225,812 
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S = ~ 2, 698 ,877 - (2841) ~ .' _ 3 

2 

S = 65.0 

S "f ~25_'_8_1_:. _-_12_'9_1:-8_) 2 __ 

S = 44.1 



/ 

CIRCLE 

X X2 

1730· 2,992,900 

1608 2,585,664 

1716 2,944,656 

5054 8,523,220 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

X 

1029 

1149 

-ill]'_ 

3509 
, 

PAGE 101 

~. 
X2 

1,058,841 

1,320,201 

-h711-....2~ 

4,150,603 

I 
~ 

S = i 8. 523. 220 - 15Q5'il~ - ~ S =f 4,150,603 _ t?509) c 

2-
2 2 

S = 66,7 S = 152,0 

STANDARD DEVIATION OF THE THREE FASTEST TRIALS 

THE WHEEL Nlj;T\,OrlK 

X -2 X 

34,0 1156,00 

33,0 1089,00 6{ = 3206,00 - ilQ~J~ 
:2 31.0 961.00 

2 
98.0 3206.00 

VZ = 1.63 

IT=.r~ {N = 1.63 x {3 = 2.82 



X -2 
X 

38.3 1466.89 

45.0 2025.00 

:22.7: 10651.22 

116.0 4561.18 

THESIS 
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THE Y NETWORK 

" "{ 4561. 18 
- iP6.0~: 

3 

2 

0;. = 6.15 

(" = ~x F= 6.15 x ~= 10.65 

X X2 

69.0 4761.00 

86.7 7516.89 r. "~ 16594.38 2 
- (221.4) 

--~,. 

~-.-

6~.:r 4;216.42 
2 

221.4 16594.38 
~ = 11. 29 

Q= r~ r= 11.29 x {3 = 19.55 

THE CIRCLENl£~Rli 

X 
-2 X 

116.0 13456.00 

105.0 11025.00 ~= 40281. 49 - D~.6 .. _11~ 
125.:r 15800.42 ..--

_____ .. ___ 3",-____ .•. _ 

2 
346.7 40281.49 

OJ = 10.35 

r = ~ r; = 10.35 x{3 = 17.93 

PAGE 102 



X 

60.7 

67.7 

~1±.&_ 

202.4 

X 

62.0 

61.0 

::26.0 

179.0 

-2 X 

THESIS 
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THF; IJ NETWORK 

3684.49 

4583.29 u,. = (~743' 78 2-
(202.4L. 

'I 
~4Z6.00 

, 

13743.78 
ui: = 6.65 

(T = 0:. (N= .,.. 6.65 x {? = 11.52 

THE ALL-CHANNEL NETWORK 
-2 
X 

3844.00 

3721.00 ~=~ 10701.00 - (17:2.0)2 

21~6.00 
3 

2 
10701.00 

U = 3.21 
j( 

V = f{\N"& = {3x 3.21 = 5.56 
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