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Introduction

Within the last ten years more work has been do'ne in the area
of small groups experimentation than in al; the years precedingel
One‘ reason for such increased acfivity is the growing awareness on
the part of Dbehavioral sclentists that many of the elements of
larger systems exist and develop in sxﬁall groups. Hurther, there
are strong parallels betwsen the problems of a small group and tho‘sa
of larger organizations such as"?u.bliclﬁd.ministration and. iﬁduétrial
bureaucracies . | '

This thesis is a laboratory study of change in small problem-
gsolving groups. :Changes in communication conditions will be
1ntrod.i1ced,. These changes will be in terme of 'who may communicate
to .whdm". Patterns can be set up that vary in cenprality. The
concept of Oentz;ality will be used to predict and un:le:rs-t:a.mlf the
effects of such changes in ti_lé positions of the members of problem-
solving Zroups. me, gffects of such changes on the organizational

varia‘bles of tims taken to selve problams and number of problema

correctly solved. will be stud.ied.. '

1
© . Thig is 111ustrated. by the extensive bibliography of
small groups research cited in Smsall Groups ed. by Paul A. Hare,
Edga;‘ Borgatta, and Ro‘bert Bales, ZNew York: Alfred K. Knopf,
1955 o '



Outline of Introguction

I..... The Gvéfall Objeetive of the THesis

II.... Commnication as the Independent Variable

III... Results of Others

IV.... Change

Vivoees The Concept‘ of Centrality and its Major Role in the Study .
and Variables to be Used |

VI.... Three Possible Systems for Predicting Effects of Changes
in Oommunicétieniratterne»

VII... Specific Predictions Based on the Three Systems

VIII., Summary of Thesis Aims

IX..0. Significance of Research

I. The Overall Objsctive of the Thesis

The overall objsctive of the thaéis ig to experimentally
examine how.the historical cdnditions of small groups (amd
organizations) affect the subsequent &roup behaviers in terms of
problgm—solving activities. Specifically; the major question to
be askea 198 In what ways do the antecedent econditions of the
groups influenc§ its future behawio:s? By antecedent conditions
is mean the types of communication patterns that have been used
before the group. .

Another way of phrasing the everall qustion of the project iss
When the eommunication patterns of an organization or small group

are ehanged whax effects do the previous commnnication pattarne



have on the dependent variables being measured in the present

communication patterns?

- II. Communication as the ndgpgnagnx Variablg

Communication patterns will be used as the an‘beced.ent organizational
eonditions for the stuﬂy o:f change effects. Gomnmnication has been
selected as the vari.able to be manipulate& because there ig a-
considerable body of material relating typel of comnunication :patterns :
to group behaviors. Gonsequently, there is a great amount of
information on the ba.sis o;f which predictions about change effects in
organizations ean ‘be d.eveloped ami tested..‘ I‘a.rthe:, communicat.ion
| patterns can be'. clearly esta‘blished. and’. vai’ied. expérimentally. |

The discovery of varia'bles such as eonnnunication, which have
general a.pplication, subsume important social phenomena. and are
ecapable of o;perational de:finition, 19 1mportant.. It is important
because it has ena’.‘bled behavioral scientiats to go beyond the .
stage of fact gathering, undirected by hypothesise .

The concept of commtmication haszbegn central to the works of

a number of 1nvest1gators. Festinger has investigated the exertion

of group pressures on members and the development and operation of

group standards. The major é;npbgsis was on the nature of the

2 L.

Teon Festinger, “INFOBMAL SOCIAL GOMMUNIOATION" Group
Dynamics, ed. by Dorwin Cartwright, and Alvin Zender (New Yorko
Row, Peterson and Company, 1953) ' ,




that develop in the groups umer various conditions of cohesiveness
and member conformity. Fostinger et al haVQvtjpically used communica-
tion as a dependent variable.

Gommunication has occupied & central place in the tchange!
stutiies of Coch and Frénchg, Levineg and ?Butleru, and Lewin . Such
studies have examined tha:kinds of-‘:comnunicétlon methods that would
lead to more effectiie éhange decisi_oﬁs and reduce resigtances to
change. Fuarther, cvommunica.tion, as a factor major to any change
program, has baen 1n‘begra.te<i into the Lewinian‘thaorétical fr:mework
of "Quagi-stationary equilibrium" and ¥force-field analysis® . Su.ch
investigators have used commuﬁidatioﬁ as an intervening variable, i.e.,
between (a) typee of grouprmeetings and61eadership, and (b) behavior
that results from these forces. Homa.ns in the 'The Human Greup‘
uses the concept of Interaction as a main :part of his system for

analysis of groups. In eeeumce, the eoncept ef Interacticn refers A

to both verbal and non-ver'be.l commnication between people.

- Lester Coch and John ‘French, "evercoming Resiastance-to
' Change®, Group Dynamics, ed. by Dorwin Cartwright and Alvin Zander
{New !brkz Peterson and Go., 1953) : .

Jacod Levine and John Bu.tler, “Lecture ve. Gromp Decision
in Changing Behavior®, Ibid.

5 .
Kurt Lewin, "Studies in Group Decision!, Ibid.
6

George G. Homans, The Human Grou up (New York: Harcourt
Brace, 1950)



Frequency, order and duration of co@:ﬂuixi?ativé acts, according to
Homans, play & central role in the ,behavioz;.s of groups. March and
Simon7 develop many fmitful ‘hypotheses about a variety of
organizational variables. They focus oﬁ the organization as a
éom_plex 1nformatioﬁ processing machine which is complicated by the
humen element. Communications in an organization are seen as

central to such important soclal pehnomena as:‘.dl.ecisions to
;éar’sicipa'te and produce, pro'ble#ls of déiegation’, mora.lé, co-ordination
- and productivity. Newcom‘b8 pointe vté the ;pogsi'bilityr that certain
gro'o.p properties are pre-detgrmined 'by the eona.itions and. eonsequgncos
of commu.nicative acts. BHis 5asic assumpi?ion is that eommunication
among huma.ns performs the essential ﬁmction of ena.'bling two or mcr;
ind.ividuals to meintain simultaneous orientation toward one another
as commtmicators and toward o‘b,jects o:E eomnnmication. Newenmb haa
offered evidence that propositions d.erived. from such e.ssumptionsy are

supported. by empirical find.ings.

' III‘ B.asults of @thers

A 'J!he work discussed in the following seetion will be eoncerned

with la'boratory stuclies of the behaviors o:f groups working within

» .
James G. March and Herbert A. Simon, Organizations,
(New York: John Wiley and Sons, Inc., 1958)

8 ' _

_ Theodore M. Newcombd, 'An Approach to the Study of Communicative
Acts", Small Groups, ed. by Paul A. Hare, Edgar Borgetta, and Robert
Bales (Wew York! Alfred A. Enopf, 1955)



6.

gpecific kinds of cdmmunicat'ion networks in iiroblem-solving activities.
Communication in t,hé’sa studie‘s has_i‘seenk nse'd as an independent variable.
Iinitially,‘ there wiil be a ‘bri'ef‘ vsynopsis of the primary impetus for
network investigations byA Baveias, followed by brief reports of
other network studies. |

Consideration of the gemeral area of communication networks was
iﬁitiated“by Be.velas; The ‘pa.per that gave im;pulsé to the gz;e'at
amount of expérimenté.l’ woik that follof:ed_was fgommunication Patterns |
in Task-Oriented Groups"9 which was an 6utgrox~.rth of thé original
paper by Bavelas: FA Mathimaticé.l Model for Group Structures"}o
In the original papé:, the concep'tsb of dista.ﬁce_ between members, '
centralityA and péripherality ﬁere introd.uced, baving been tra’.ns]:éted. ‘
from ée.l..'-ﬁain.".topological" terminoib:gigsic;f Lewin applied to o
organizations. Major questions that stemmed from such a theorstical
inquiry into the'nafﬁie of communiéatién in groups were: "In a
given organizatib#, where will the reéioi' of greatésf centrality
be? Who will be in 1t? Who will be the most peripheral?®. It was
the second paper, however, that Vd._ii'e_c'tly led to communiéation experi-

mentation. In this paper, the structure of communication networks

wag more speciﬁc‘ally examined for experimenﬁal purposes. Indices

9 | ; | ,
Alex Bavelas, "Communication Patterns in Task-Oriented :
Groupe", Journal of the Accoustical Society of America, XXII (1950) 725-730

10 : ' ‘
- Bavelas, "A Mathematicel Model for @Group Structures',
Applied Anthropology, VII (1948) 16-30



of centrslity were computed asnd 'became sta.ndard exXperimental arrangements
for the network studies that were to follew. - The measure of centrality
vas obtaimed by deriving Z'a ratio of the sum of fhe distances of all
positions to all others over the sum of the distances of a given
Position to all others. In this way an index of relative centrality
for any position in any pattrern could be compubed.

The main question asked by Bavelas was: "Is it possible that
anong several communication patterns, .a,ll loglically adequate for
the successful completion of a sp_egj.fiéd task, one gives significantly
better performance:than é.ndther? " The studies involving communication
networks can be roughly classified under one (or more) of the three
headings which i‘epre:éent foci of such studies. For convenience, each
of the following studles referred to will be put in the most appropriate
§ategory, even though it is understood that rother categories may
partially apply. | | o

!Ehe three ca.tegories of reSearch emphasis are: (1) Problem—
Solving (2) Organization (3) Information Flow R

. (1) The category of Problem-Solving refers to thosa 1nvestigators

such ae Leavitt and Smith whe have been primarily concerned with
the direct relationships between kinds of networks and performance
measures of members in such networks.

(2) The category of Orgaﬁization includes researchers whose
studies have centered on the kinds of organization that develop
within networks, as sueh organiszationsl deVeiopments would relate to

problem-golving activities. Guetzkow, Simon, and Dill are among this group.



(3) The category of ,In:formatibn Floy refers to those investigatois
such as Shaw et al, Christie, Iuce and. Macy, ﬁeise and Miller, whose
Tresearches the emphasizéd kind, di»strilmtionv and clarity of information
used by members of preblem~Bolving groups. |

The following materisl concerns investigations in the areas of

communication networks in the order of the categories described above.-

Category 1:¢ Investigations Emphasizing Problem-Solving Performances
Relative to Communication Netwprk Differences

Smifhll studied the relationshipé 'betweeﬁcoxhniunicatiori network
and the adaptability of work-oriented groups, under a condition of
" change in task. Three kinds of networks were used: Gircle, Chain
and Wheel. Four groups were run in each network: The spparatus
a,ncl the physieal experimental cond.itions were the same ag those in
the Teavitt experiment, with the eXception that the task of the |
groups was to determine what colored marble was held in common
among all the members of the group for a partieular trial. Xor
the first ﬁfteen‘ trials, g0lid-colored marbles were used. Afber
fifteen trials, mottled, less easily describable mafbles waTe
directly substitﬁted. for the 'more' di-stinct, golid-colored ones. -
Messures were taken during all thirty trials on: (1) group time
taken for pro‘blem—solving (2) errors made (3) morals (#) recognition

of orgenizations.

11 ' -
_ " Sidney Smith, "Communication Pattern and the Adaptability
of Tesk-Oriented Groups" (Unpublished, M.I.T., 1950)



Results of analyses of the first fifteen'trialsvagreed with
those previously found by Léavittlzz( thé Wheel, Chain and Circle
ranked in that order withvrespect to speed and a#ability of
organization, frequency of'recogpition of aﬁd_agreement on leadership.
They rank in reverse order with respect'to: timg taken to solve problems,
number of messages sent and the other variables being measured.

Results of analyses qf»thé last fifteen trials indicated that:
(a) the differences in time taken to solve problems between Wheel
and the other patferns decreases to g‘non-signifieant level, even
thoﬁgh the Wheel is_slowed down less initially, after the introductioen
of ambiguity into thé_task,(b) Gifcle groups decreased errors greatly
and consistently; Chain groups decreased errors but less markedly‘
thén the Circle; Wheel did not show error decrease 1; thg course of
trials 16 to 30. (c)k ebser§ation of the groups showed that the
. subjeots experienced.some shoelk and temporary dismay when they were
first faced with the new task requirement. -

Smith suggests from such date that differences in ecommunication

patterns affect the adaptability of groups to c hanges made in their

work—environment.

iz | . |
. Harold J. Leavitt, "Some HMffects of Certain Communicetion
Patterns on Group Performance," Journal of Abnormal and Sociel
Psycholozy, XLVIII (1951), 38-50
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Leavitt, in the study "Somé Hffects of Certain Communication
Pattefns on Group Pérforﬁanceﬁ, uSediesséntially fhe same physical
arrangement and pioblem ag‘Smith, with the mbdification of using féur,
different 5-man structmresr(1nﬂludingrthe two used by Smith). TFive
groups.were run in ‘each 6fithe-structuiess Circle,'ehain, Y and Wheel.

The main findings concerning the patterns as units were as
follows: The Wheel, Y, Chain and Cirele rank, in that order, with
respect to each of ﬁhg follewing aspects:',

a. Speed of deVeiapmént’of’orgahization for problem-solving.
'~ The Wheel;, Y and Chain were stable once they were
-establigshed. The Cirele was inconsistent in
organization, e.g. leadership and problem-solving
Precednre fluctuated.
b.v‘I?gqnenéy with vhich thé members name leaders
c. Agreemgﬁt gbncerniﬁg who the leaders are
d. Rating of the group as a whole by the members
During the course of thg fiftegn’ttials all patterns showed 2
reduction in time to complete a trial. .Thare‘weré no clear differences
in the average speed or in the learning rates of the various |
patterns as measured by time per trial., It was found, however,
thats (a) the Gircle pattern used moTe messages than eny other

pattern; (b) the Cirele made more errors,-but also corrected 2

. greater propartion of them than any other pattern. Goncerning

differences in behaviors as related to. position differences, it was
found thate, Ebr a given pattern, the most central positione #end
the most messages, and the lesst central send the fewest. The most

central positiong enjoy their jobs more than the peripheral omes.
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'No position makes significantly more total errors than any other.
The recognition of lesders in the group is related to differences in
centrality of group members, 1.¢i, the most centralAmemBers are
chosen as leaders. |

The variables considered above in the Smith and Leavitt
studies are the dependent variables found in the subsequent network
studles. They fall into four classes:

a. Dfficiency - number of errors, correct completions,
speed of solution, number of messages

b. ﬁeade:ship - positions named, agreement on lsadership
c. Morale - rating of the group, rating of self
d. Grgaﬁization - consistency;‘type
These dependent variables and the two independent varisbles (group
structures and individuel pesitiens.within any group structures)

form the basis of the network studies.

Gatesory II: Iavestigations Emphasizing the Development and Hffects
of Organization _
' 13 B
Guetzkow and Simon , in their study "The Impact of Certain
Communication Nets Upon Organization and Performance in Tagk-
" Oriented Groups", examined the distinctions between two classes of

" behavior in the group:

13 | ' . '
Barold Guetzkow and Herbert Simon, "The Impact of Certain
Communication Nets Upon Orgenization snd Performance in Task-Oriented
Groups”., Management Science, I (1955), 233-250

!
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a. Direct problem—solving behavior such as relaying information,

asking questions

b. Organizational behavior, guch as assignmsnt of roles and
functions to team members ’

The authors set up a studyato test the hypothesis that the effect of
the communication restrictions in the networks is to complicat§ the
organizational,behgvior rather than the direct problem~gsolving behavior.
They used three 5-man groups: Oircle, Wheel and Al;-channel. Their
procedure differs from Lea#itt!s in that thes group members could send
| only coded problem information during trialﬁ, but any kind of megssage
dﬁring the inter-triallperiods. Thergroups were differentiated with
raépect to the following: (a):nnmber ofropen<zhann§15; (v) number of
gymetric positions; (c) minimum number of relays ﬁecessary‘ |

With reapect to time per trial, it was found that the Whael was
higizest in efficlency, the all—channel was i.ntermediate. ‘and the
01rcle least efficlent. The same orde; of communication patterns -
was also true of the degree of difficulty involved in forming a
stable organization. Concerning differences in organizational
/stabllity, it was found.that.th; wheel was most stable, thé ciiclg |
Anext,vand the-alléchanpgl least stable. Also, the greatest degree
of differentiation ﬁas‘in the Wheel, next in the All-eﬁannel and,
least in the Circle. o ‘

In general, the results by Guetzkow and Simon with reference %o
the Wheel and Circle communication netwdrks agrée with those of

Leavitt's (e.g. number of messages, time of fastest trial).
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I 7 |

Guetzkow and Dill further investigated some of their ideas with
Tespect to the organizational effects of different communication
networks. They analyzed the mechanisms by which task-oriented groups
developed interacﬁion structures for task performence. The following
ére the three major théoretical.conSiderations that were developed on
the basis of anslysis of messages: (2) Severe restrictions on communication
opportunitias beyond the minimum required for task pefformance. tend to
induce organizatlional development through a local lesarning . mechanism.
Freedom in communication tends to induce organizational development
through insightful plaming mech;nisngs.' (b) Understanding of the
kind of network ﬁy members is necessary but not suff:_tcient for the
establisbhment of differgntiated, hierarchieal struoturgs. Also needed
are apecific*propoéals for arrangemeﬁt of the organization, and
promulgation of suech proposals by memb.;rs. Communication restrictions
tend to restrict the planning and promulgat;on of such proposals.
{e¢) The kind §f communieation not in uée determines the extent to
which members of the group are available for the Tequired different
role behaviors. Specifical;y, groups operating within a highly
structured net (’i;‘er., ‘?l;he:' Vheel) ‘de:_f_not have the problem of role
differentiation as much as other networks. The Concom (completely
connected) on the éther hana,'isbsdbérfénged that there is complete

interchangeability of parts snd greater hatural opportunity for

s . '
» Harold Guetzlkow and William Dill, "Fectors in the
Organizational Development of Task-Briented Groups", Sociemetry,
XX (1957), 175-204 '
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members to try out the developing roles and $hus, theoretically at
any rete, organized in the "best possible way". Cirele groups,
however, neither have the degree of structure of the Wheel, nor- the
degree of interchangeability of the Concom. Consequently, the
organization for maximum perfoimance ﬁy,thé circle is impeded.

The above stﬁdy used twenty 5-man groups. The experimental
Procedures were the same as those of the original experimentls
except that communication netes were alte:natéd'from task trial to
inter-trial period. Du:iﬁg the task trialé,'the net arrangement
wag the same that was used throughnut béfh the task and inter-trial
periods of the original experiment. During the inter-trial periods
the communication restrictions were removed by opening all barred
channels, making the patbern identical o ome used throughout both -
taslk and intertrial periods by the All-Channel groups.

The above arrangement allowed the empirical‘test of the prediction
that task performance in a Trestricted net will be equal o that in
en unrestricted net if the restrict;ons are removed during the inter-

trial period so that a relay sYstem may be organized.

Category I1I: Studies Emphasizing Kinpd, Distribution and Clarity of
Information :

M. B. Shaw has extended the investigatioh of networks to include
the effects of such variables as: amount and distribution of information,

problem complexity and type of leadership. The following is a selection

15
Guetzkow and Simon, op. cit.
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 of stuldes in which Shaw et al have dealt with these variables:
Shawl extended network investigation to 4—man gﬁeups. He

states that the results of his work on U4-men groups, in general,
support the differences which Leavitt found between the networks
~and sizes used by him, with réspect v.to number of messages sént,
satisfactioﬁ and nomiﬁatiohs as a leader. Also, in this srticle,
~Shaw critlcizes the use of the Centrality index, and suggests the
concept of Independence as an alternative which, in terms of the
S— constructed for 1t, fitted @‘the aata collected betber than
the curves obtained nsing Oentrality as’ the operating concept.
"The " improvement of Independence over Gentrality (when similarly
fitted to the data with complex i‘unctions) is mot given. If
this is the case, then, it is dn]:lkely that the neatnesa ef fit
can conmensate for the greater simplicity of the earlier
centrality measurres" 1 '

A Shaw imrestigated. the h;y'_pothesis that the distri‘but:.on o:f
information as well as céntrality, is an important Varia'ble in

18-
th_e “behavior‘oi’, networks. Shaw vari.ed. the amounts of information

» ‘E,i'; 16
’ .. . Marvin ®. shaw, “Group Structure and the Behavior of
Ind.ivig:ua.ls in Sma.ll Graups" . Journal of Pszchologz XXXVIII (195#),
139-1

17~
' Murra.y (lanzer and Rebert Glazer, "Techniques :for the Study
of Team Structure and Behavior®, American Institute for Research,

Pittsburgh, Pennsylvania., Pa.rt II, p. 16

18 : : ,
Marvin M. Shaw, "Some Bffects of Unequal Distribution of
Information upon Group Performance in Various Communication Nets”,
Journal of Abnormal and Social Psychology, XLIX (1954), 547-553.,
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presented %o positioné within three ,networks’.v Tﬁree B-man
communication patterné were useds cii‘cle, ﬁheel, “and slash.
Arithmetic problems were used. . Bach team member has some of the
information necessary for éolﬁ'ng the problem.. In half of the
teams, gll members had the same amomnt of information. In the
other teams, the informafoion wag unequally distributed in a specifie
wey. Ninety beans were run, fifteen in each of the six combinations
of experimental conditions (th:bee cvclbmmu:‘aieationl networks and two
types of information distribution). | |

Shaw summsrized the results of the study as offering some
evidence for the following: (1) +time required for an individual
in & vposition to complete an activity varies inversely wilth
individual cemtrality. (2) Individual morale, mumber of items
transmitbed by en individusl in a position and the probability
that an individual in a given position will be chosen as a leader
vary directly with individual centrality. (3) The emergencs of
leadership in a net varies ;nvemely with the numbgr“o:f positions
having the highgst individnal centrality index in tha*bi nst, and
directly with the maximum difference in individusl centralities.
(4) Inereasing or decreasing the amount of information initially
availahle to an individ.ua.,l in a given position has an affect similar
to respectively increasing or decreasing the individual centrality
index of that position or the rumber of chammegl® avallable to that

position.
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In this subsequent study, Shaw t:ﬁ.e’d;"_ fe rééoncile a diffe_reﬁce
in the relative pz-on'em;sglymg speed of the wheel and circle in hig’
own and Leavittis stu&y. 9 Leairi’tﬁf fo’ﬁnﬁ that the wheel: réquired
’ ‘leas time to solve its probl.éﬁ"s.'th.an, the cirele. _Shaﬁ found the
Teverse. Shaw believed the differean’ in 're‘sulvts was related to
differences in task complexity. To t.;ga thi§ bgligf, the standard
Leavitt procedures were uSed with two types of ;pro'blemss (a) simple
problems (finding & common symbol) (b) more cOmpl,ex problems |
(arithmetic). Two 3-man networks were used: wheel and cirele.
Twelve grbups were mn in each getﬁork‘, Half of the groups in esch
pattern Weré g:‘wén the siﬁple task and the otherr hai-f were given the
complex task. Trend and higher order 1nte‘ra£clt‘ion, analysis ‘giVQ |
support for Shaw's hypothesis. | ; |

Shaw and Rothschild. investigated the efiects of prolonged
éxperience upon behaviors in geveral netwarkg.zo The subjects
pa.rticipated in twenty4prob1em§, two _each-dajf fbr" ten idayso
Arithmetic problems were used.. ‘Tbhi'ee .Vnets were useds wheel, slash

and Concom (campletely ébnnectad). {Pime‘AScor.es, number of messege

.19
Marvin E. Shaw, NSome Effects of Problem Complexity upon
Problem Solution Mfficieney in Different Communication Nets',

Journal of Experimental Psyehology, XLVIII (1954), 211-217

20 o .
Marvin B: Shaw and Gerald H. Rothschild, "Some Rffects of
Prolonged Experienced in Communication Nets" , Journal of Applied
Psychology, XL (1956), 281-286 ‘ :
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units transmitted and satisfaction ratings showed improvement
over successive days. Selectiéﬁ of positions as leaders was
positively related to centrality. :Day-to-da.y ratings of satisfaction
Were highest for the Concom and 1owest for the wheel.

The studies by Christie, Luce and. Macey21 have been subjected
to much more thorough mgthemtical analysis than the other network
studies. The study cited in thi§"~éection bears a close relationship
to the Heise and Miller ig#estigation (Proble;n-se;liing by Small
Groups using various Communication Néta) 22 In this case, however,
' the nose arises from the ambiguity»of the stimnli handles rather
than belng acoustie noise of the -communicatijon charnels. The
two main independent vgiiables were: (a) zroup structure and
(b) ambiguity of stimuli. The networks nsed were the 5-man eirels,
‘chain, wheel and i)i,nwheel_. An additional feedback variable wasg
introduced by allowing some of the whaelzgroups to receive additional
information eeﬁcerning errors at the. end of each trial. The task
vas for all the mmﬁers of‘ each groupi te d_etermiﬁe the coloxr of the
one marbles used to tho_ge that were much less ga_sily deseribable

(used mottled marbles). Fifteen more trials were run with the latter

ambiguous stimuli. The following Were found:

21
Leea Christie, R. Duncan Imce, and Josiah Meey Jr.,
f0oding Noise in a Task-oriented Group", Journal of Abnormsl and
Social Psychology, XLVIII (1953), 401-&09

22
George A. Heise and George A Miller, "Problem-Scylving
by Small Groups Using Various Communication Nets,® Journal of

Abnormsl and Socisl Psychology, XLVI (1951), 327-335.
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a. The circle pattern which had error feedback, no
. highly central position and all symmetric channels
learned fast and had good error reduction with
respect to error performance.

b. The wheel, with no error feedback snd with a highly
central position ard all symmetric channels showed
no learning and no erTor reduction with respect to
arror perfermance. .

¢. The chain with slight error feedback and with a
highly eentral position and all symmetric channels
showed no learning and error reduction with res:pect
to error perfarmanceo .

d.. The pinwheel with error feedbasck and no highly
-eentral position and no symmetric channels showed
some initial learning and poor error reduction with
‘respect to error performance.
e. The Wheel with error feedback and with a highly
 -central position and with all symmetric channels
' showed slow learning and failr error reduction with
‘,respect to error performanm°
One of the ma.jor conclusions drawn from the abo'Ve study
(a.nd consistent with those of Eeise and Miller, and Shaw) was
that the nature o:f'-thé-group task is crucia:.l in' exsmination of
the effects of different kinds of comnunication nets Thue, for -t
’more conrplex tasks (as Heise and. Miller, snd Ghristie, Luce and
Macey indicate) the order of efﬁciency going from wheel to T to-
chain to eircle may even be reVersed. '
23 ‘
Heise and Miller introduced several new aspects into their
study of'problem-solving.‘groups in different communication networks:

(1) Communication took.ijia.ce over an intercom system. The subJjects

23
Ibid.
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could hear or spaeak to, simult‘eously, as many of the other
participants as the net allowed (2) the communication netwerk

was highly restricted. The _snb.‘jects» éoul& only relay the words én
liste. (3) the networks used included one-way as well.as two-way
channels. Five 3-perséon networks wer§ usni. Three experiments
were conducted: (I) In this experiment the su‘bjects had to reconstruct
a master list of words on the basis of differen’a incomplete lists
given each of them. The rééulté' wei:ev a8 follows? (2) as noige
increased, the number of words spoken, errors }and. the time required
to complete the task increaseé for all r'networks (b) the differenées
between vnetvrorks became greater witfl incx;éaSed nofse.

(II) 1In this experiment, the subjects hed to reconstruct a
twenty-five word sentencé based on different parts gifen to each of
them. The results were .esszﬁtiaily the same as in Wxperiment (I)
with the exception that the open chain wé.e more efficient than the
cirele. " Heise and Miller suggest thét “'.El_ae Becondb type of problem
was less rigidly structured and'pla;t#ed a higher premium on the
coordination of the group activity." The open chain aj)pa;rently
allowed for better co-ordinstion.

(I11) 1In this e;periment the subjects weré given anagram
problems in which they had to form as many words as poseible out of
the letters of a given word. 1In this experiment the subjects would
work independently. Imn contra.st to the :previ.ous experiments, the results
were as follows: (a) Intense noise decreased the number of words spokKen
(b) there was no systemstic diffei’encp between the efficiency of the

various nets.
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Aéid.e from the introduction of the one-wa& channel, these
'expeiiments indicate that it may be the case that there ias no
network that is best in all si’tuations. Heise and Miller themgelves
suggest that the relative efficlency of a communieation net depends
upon the kind of problem the group is trying to éolv@’. In particular,
thei suggesj; that the net differences are most apparent whén the

rroblem used requires guccessful communication for its completion.

IV, Change ‘ _
Since thig study deals directly with change in ongoing

communication systems, it: seems relevant to consider even briefly,

the way it ig 'be'ing'usedlinb this study. dhange is being used in

this research in the follawing u}aya (2) the source of change conditions
is the experimenter (b) the object of the change conditions is the
comminication network of & gr'bu;p of problem-solving subjects (c) the
duration of the change is brief, ]:asting as long as the experimehtai
l con,di’cio-ns é.re operating (6.’) the levael of ’the change is restricted to
the problem~solving activities of the sp.'bj‘ects (e) the breadth of the
change is 1imited to changes in perférmanee with respect to a speci_fie
kind of tesk within sp‘eciﬂc‘kigds of communication networks (£) the
opset is of the kind where change is intreduced sharply, without any
gradual build-up or preparation for it (g) the process of introduction
of the change is one of inposition, WI;ezfe the subjects are not aware 91’
the change beforghand and have no choiée in the reﬂec’tion or acceptance
of the changed conditions (h) the intent and direction of the change is

one of lesarning under what eonditions greater or less productivity will
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develop (i) 1-:119 change. refe:s to imposed discontinuities in network
:programs rather than to modifications bf» operating levels of
existing comnnmicgtion programé or netﬁorka.zn -

Change has been virtuslly neglected in commnication experimentatien,
and has received an inappropriately small amount of attention in natursl
organizational settings. There are some good reasons why this is so,
‘espacially in the ’case of natural orgénizétiqng. To introduce change
in natural organizé.tional settings requires considerable fiexibility
and faith on the part of mansgement . Research on changes can eapily
be VieWed' by management &s a threat fo the ongoing efficiency of thea
organizatiqn, Tha lcinﬁs éf réwards poséible and probable, resﬁlti‘ng
from such researeh on changes are difficult to forsee or guarantee.
Immediate positive applications of fhe results of such change
investigations‘ are likely to occur only 1nfrequent}ye ‘

| From another view;éoixit as weil, experimental change étudiés in
natural orgaﬁizatiqns éfe diffieult to plan and execute. The
variablaes that may be seen as important mﬁy nelther be able to

be clearly and operationally defined or contrélled npr located or
induced in such natural organizations in pure form as might be
possible in a;,laboratoz;y situation. The reasons’for the paucity of
laboratory exp;;rimental research on changes 4n communication do not
appear to be ag imposing or Jjustifying. The mést obvious imped.i‘mém;‘
is the absence of theory gdéqﬂate to éenerate testable propositions

about change. As in most othervareas of social :p_sychological

March and Simon, op.cit., chap. vii
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ex@erimentation,:the'dev§l0pmént efﬂknéwlédge about eommanication
networks in picblempsélving gfbups méy Bevcharactéfized by little
theoretical integration ;mozig studies and little consistency between
investigators among the kihde.of sifuétions employéd and variébles
uged . | o

The following three studies, two in communication ex@erimantation
and one in =2 natnral organizational setting, have dealt with change: |
(1) Smith?s was concerngd with effects of the introduction of
ambiguity into the expefimentalltask» »Threg»ﬁ-man networks WeTe
used: circlé, chaih and wheel, The groups WeTe reqnired to solve
fifteen problems, each one concerned with the agreement of group
members on the one common colored marble appearing'in each of their
boxps. After fifteen triala, ambiguity we.s 1ntrodnce& by substitubing
. mottled marbles -for the previous solid colored ones. The groups then
had to solve fifteen pro‘blems using. .the, modified,task. Smith
indicetes the following: (a) in the first fifteen trials, the
results were consistent with these of Leavittzéz the wheel, chain
and cirele rank in this_arder wiﬁh.:espect to time taken to soive
problems, errors made, ete. (b) in the second ﬁ..ft‘een trials, the
difference in time taken to sélve.probléms between the wheel énd the

other nets ceases to be significant, even though the wheels are

slowed up less at the»sixteenfh trial than the ‘other nets.

25 :
 Smith, op.cit.
26 o
Laavitt; gg;cit.»
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(e¢) Cirele groups decreased their errors cbnsistently (unitl, during
the last five trisls they were no'greatey'than those made during the
trials using solid-colered marbles); the chains showed a similar but
small decrease in errors; the wheels making a great many errors in
the mottled-marble trials. Specific analyses by Smith indicated
evidence for the following conclusion: Differences in communication
patterns may have markad effects on the adapﬁability of groupe to
environmental changes. '

(2) Ilament27 hag investigated certain effects of changes in
communication networks on the performanée of groups. All problem-
solving groups (of five men each) were first subject to the following
condition: subjects freely chose the centra;?pereon and solved =
series of problems in a very centralized network (where all members
had to commnicate directly with the central person). The g:oﬁ%s
having gone through such an identical experiencé, were assignedAto
four different expefimental conditiong: (a) the net remasins
éentralized and the central person (freely chosed in the first
condition) continues to be the central person (b) the net remains
centralized, but the central person is replaced by a formerly
peripheral person and becomes peripheral_(c) .the subjects are mno

longer restricted to such a centralized arrangement, e.g. no longer

27 _
Olaude Flament, "Influence des Changements de Reseaux de
Commmications sur les Performances des Groupes!, Communication a
Societe Francaise de Psycholgie, Paris, 1955, p. 4-6
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have to communicate te the central person, but the central person
st1ll retains a central,poaifion (a) thé subjects are no longer
restricted to such a centralized network,.and where the centralized
Person has become periphersl and aperipheral person has beccme central.
Flament found: (1) Time taken to solve'problems, number of
messages and errors mede, emount of disturbance and diffieulty in.
working and cooperating, and morale were greater when networks
were less éentraliZQda (2) A stable, centralized person emerged and
was recognized less frequently when the network was léss centraliged.
Flament also offe:s other, but less'important generalizations
abont his results: novelty of poéitiqns leads to confusion between
older and newer problem—solving possibilitieé. Such eonfusioen
manifests itself in the smaller degree to which the central personm
emerged and was recognized, more diffiecult adjustment to a task
whichvrequires & division of labor, lower efficiency in terms of
time, errors and messages. | -
In gummary, Flament seems to have suggested the following:
When changes are made in the positions of subjecfs from one
condition to another, and when the network is changed from a more
to a less centralized one, at the same time, disorganiiation is
increased and prbblem~solving efficiency lowered.

28
(3) Morse and Reimer have investigated change in a natural

28 )
Nancy B. Morse and FEverett Reimer, "The Mxperimental -
Change of a Major Organizational Variable, " Journal of Abnormal

and Sociel Psychology, Jamuary, 1956, p. 52.
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organizationsl setting. Thig was a field éxperimént conducted in an
industrial setting in order to test hypotheses eoncerning the
relationship between the means by ﬁhich organizational decisions are
made and ¢ (a) individual satisfaction, and (b) productivity. The
following description is drawn from their report of the study:
Using four parallel divisioﬁs of the clerical operations of an
organization, two programs of changes were introduced. One progrem,
the Autonomy program involving two of the divisions, was designed
to increase fhe role of the rank-and-file employees in the decisioné
~ making processes of the organization. The other two divisions
received a program designed to inerease the role of ubper management
in the decision-making processes (the Hierarchically-controlled
program). The phases of the experiment inclﬁdedx (a) before
measurement, (b) training programs for supervisory personnel
lasting approximately six months, (e) an operstions period of a
year for the two experimental programs, and (d) after measurement.
In addition, certain meésurements were taken during the training and
operational phases of the experiment. Briefly, it was found thats

1. The experimental programs produced changes in deqiSi;;f E
meking allocations in the direction required for the testinéuéfjh§@_
hypotheses. o

2. The individual satisfactions of the members of the work
groups increased significanﬁly in the nAmxonomqus program and
decreased significantly in thgvHierarchica11y~§ontrolled program.

3. TUsing one measure of productivity, both decision-making

systems incressed productivity, with the Hierarchically-controlled
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program resulting in a greater increase. -

The three studies of chaﬁge havé been suvggestive of the
followings the effects of modificatioﬁs of the environment and
structure of organizatioﬁé, cannot be solely or even significantly
predicted from knowladge of the propertiss of the changes alone.
Rather, the elements needed for suecessful prediction‘of change
effects are: (a) Knowledge of the paftieular environment énd
organizational structure, as well as (b) Inowledge of.the properties
of the changegz9 The effects of changes introduced into ongeing work-
"gysteme are seen as developing out of what is being changed from and

what is being changed to in such work-systems..

V. The Concept of Centrality and Its Major Rols in the Study
Coordinated and cooperative sctlon on the part of any,g:oup
facing a common problem to solve rqqﬁires the ﬁse of some kind of
communication. The activities of such préblem-solving groups
gaveli;enuéhﬁwn to be directlf related to the,kinis of communieation
patterns use&°30 The differences between communication patterns
themselves have been studied. "ihsse’may vary among s variety of

dimensions: number of connectians, how much information is transmitted

and who may communicate to whom.

29 ’ :
Gf., p.19 (The way in which cheange is being used)

30
Cf., Results of others, pp. 5-19
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When communicatien patterns of problem—solving groups are
varied, what is primarily being affected is ‘'who may communicate to
whom!. When comparigons are made wiﬁhin a group or between groups
with different 'who may communicate to whom! characteristics, the
notion of ‘'distance’ bethen members can be seen to be directly
involved. Tor examplae, ig a S5-man group ﬁhere each of four of the
five members has first to communicaﬁe to the fifth in order to
commnicate to any of the other members, it can be Been that the
position of the £ifth person is closer to the other four than ig
any other position. Closeness or distance iz defined in terms of
the number of steps néeded for members of & group to communicate
to other members.

Different communicetion patterns involve distinct differences
in distances between members. The concept of Centrallity directly
describes the distance relationships between members in different
communication patterns. Such distance relationships have been
accurately computed and bave served as the basis for comparigons
between problem-polving groups, which bhave different communication
patterns. It is believed that Centrality is the maaoi- determinant
of behavior differences between groupé beeause it reflects the extent
to which ﬁember positions are strategically located relative to
‘ other positions. Distance between positions in a group is of
stratezic importance because it determines the accessibility to
informetion for the positiong. Therefore, if st£ong1y influences the
problem-solving behavior of the group. UFor example, a group member

who is more central (less distance between him and other members)
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will be in a better position, time~-wise and step-wise, to receive
and give information. Consequently, he will probably perceive
himself snd be perceived bj ofhers differently than someones who

is less central‘(more distant from others) and conséquently has
less access fo the receiving and.giving'of information. Differences
in Gentrality, then, can be seen to lead to role differentiations,
including: differences in independence of action, responsibility
and task intersst. Such role differentiations should lesd to
differences in problem-solving behaviors of group members in terms
of speed, accuraey and satisfaétion; ete. Centrality, therefore,
provides the major concept for exploring the effects on. the
problem-golving behaviors éf groups when communication patterns are

ipdependently manipulated.

V. b. Yariables to be Employed

Independent Variablgs"

(1) Group Communication Stfuctures (2) Individuasl Communication
Posltions Within: Structures
Two S5-person commuﬁ&cation'patterns will be uSedSBI (a}'éirelg .
(b) wheel. These patterns are distinguished on the basie of
Centrality measures: quantitative descriptions of the distance

relationships between members in different communications patteras,

31 .
H.J. Leavitt, "Some Effects of Certain Communication Patterns

Group Performance’, Journal of Abnormel and Socisl Psychology. XLVI
(1951) 327-335
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where distance is defined in terms of the minimom number of steps
needed for members of a group to communicate to othervmembers° On the
basis of computed individual Centrality indices of members in the
different communication patterns, group centrality measures were
computed. The following is & disgram of the individual and eroup

centrality measures, for the two kinds of communication patterns to

be useds

Circle Pattern v , | Wheel Pattern
. 5 R ) )4'06 ‘1’06

577 T4 g ' ™ .07

N : ,

\595:/ 4647 Ny
Group 25 ’ : Group 264

In the above illustration, the figures in the small circles
represent the Telative centrality measureSBZ of the members. The
,nnmbgrs at the bottom of each disgrammed pattern represent the sums
of the individual centrality measures from the respective patterns
and are used as the centrality indices of the various conditions.

It can be seen from the above illustration that the more central

position occurs in the wheel pattern. Consequently, the wheel is

1

32
The index of Relative Centrality is the ratio of the sum
of the distances of all positions to all others over the sum of the
distances of a given position to all others. The relative centrality
index of any position may be written as x where dxy
is the distance from z to any other point.
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considerei to have a greater amount of centrality, in terms of
individﬁal member positions. Members of the respective patterns '
can communicate oniy through the use of éhannels designated by the :
arrows in the above illustration. |
Dependent Variables

The following are the dependent variables to be measured:
time taken to solve problems and number of correct trials. Both of
those measures are taken directly from the-data through the use of

electrical recording appsratus.

VI. Three Possible Systems for Predicting Bffects of Changes in
Patterns

There are three logically possible ways of predicting the
behaviors of groups whieh have had different communication patterns
in the course of their functioming: (a) that the past conditions
have little effect on the jresenx conditions, which are most |
important; (b) that the past conditions have significant effects
on the present conditions; (c) changes in and of themselves are the
important factor and not the past nor the present conditions.

To elaborate on the above three ways of predicting change effects:

(a) That the most important determinant operating on the
groups is the present comﬁunieation patterﬁ. The Previouns
commnication patterns conﬁribuxé only in = miner way to the present |
functioning of the groups. Thus, it would be predicted that the
changes in the communicatioﬁ patterns would be important not because

of the influences of the previous patterns, nor because of the present
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to which the communication structure is changed.

(b) The most important determinants of behavior when changes
occur in the communication‘patterns are the previous patterns of
comminication which influence the behaviors of the groups operating
under the new communication patterns. In this case, what is eritieally
effective is not primarily the .changes in and of themselves, nor solely
the nature of the present communication patterns, but rathe the'
interactions of the past eommﬁnication patterns ﬁith the present
patterns of the groups. This approach suggests that the order of
change is the most important consideration, where the order of the
changes contribute much tp the present behavior of the groups. .

(e) The most iméortant determinants operatiﬁg on the groups
when there are imposed shifts in the commnication patterns are
those that develop as the result df the changes, in and of themsdélves.
In this case, the amounts of changes that ocour in the produetivity
. of the group, for exsmple when moving from one kind of communication
' pattern to another would be the same regardless of the order of the
changes and the present communication pattern. All such changes
would have significéntly pogitive effects when introduced after

group behaviors have become routinized and repetitive.
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VII. Predictions Based on the Three Approaches

In the following section, séecific predictions based on the
three approaches will be made. They will be based oﬁ the concept
of Gentrality previously desoribed in detail in Section V.

Approach One: Thé primery imporfanée oi the present communication
patterns | v

1. The behaviors of the groups (re the dependent variables
being measured) should mot be signiﬁcantly different from each
other, when the present,cémmnnication pattern of the groups are the
same, Tegardless of the differences in the past communication ‘
patterns of the respective groupé under comjarison. It follows
then: (l.a) Allicircle groups should perform the samé, i.e.,
regardless of the cirele or wheel'conditions that might have
characterized the communication patterns of the Cirele groups
initially; (1.1) All vheel groups should perform the same ( re the
dependent variable being measured), i.e., regardless of the circle
or wheel commnnicétion patterns that might have characterized the
communication conditions of the.ﬁheel groups initially.

Summary for Approach One: This approaech is based on the
assumption that centrality differences between networks will
lead to specific kinds ofbbehayioral differences, éo#sistently
regardless of differential antecedent conditions. Baged on such an
agsumption, groups in wheel.conditions should perform similarly,
regardless of différences in antecedent: éonditions. Groups in cirele
groups should perform the same regardleas-of differencesuin antecedent

conditions.
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2. All groups characterized by the seme type of present
communication pattern should be diffe;eﬁt from all fhe other groups
characterized by different present communication ratterns, in the
same ways, regardless of the diffe:ences in antecedent communication
patterns. It follows then: All circle groups will be different
from all wheel groups, regardless of the féct’that the circle groups
might have had different antecedent communiestion conditions, and
regardless of the fact that the wheel groups under comparison were
anteceded by different conditions.

Approach Two: The primary importence of antecedent commnication
patterﬂs in interaction witﬁ the present communication patterns.

1. The behaviers of a‘group characterized by a particular
type of communication pattern will be influenced by the nature of
the communicatien pattern(s§ that snteceded it, in the direction of
the behsviors characteristic of thoée éntecedent patterns. Thus,
vwhen a given present pattern has been anteceded by a pattern with
a higher centrality index than itself, it will lead to behaviors
charecteristic of a higher centrality index than itself, i.e.,
shorter time taken 0 solve problems; more correct trials. Also,
when & pattern has been anteceded by a patiern with a centrality
index lower than itself, it will lead to behaviors characteristie
of a lower centrality index than itself, i.e., longer times taken
to gOIVe.problems; more incorrect trials. It follows from the above
apﬁroagh that: (1..2) When a wheel arrangement hag been chenged from

8 cirecle arrangement, the behaviors of the wheel group will be more
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gimilar to those of the circle pattern (take longer to solve problems,
have more incorrsct tiials)‘than will the behaviors of a wheel pattern
which has been anteceded by s wheel pattern. (1. b) A circle pattern
that has Dbeen changed from a wheel patternm will exhibit bebaviers that
are characteristic of patterans with a higher centrality index thanm
will a cirele pattern that was anteceded by & cirele pattern, e.z.,
will have fewer incorrect trials and take shorter time to solve problems.
Summery Statement of Predictiens for Approasch Two: Based orn the
faet that a Wheel pattern has a higher centrality index than a circle,
the following is predicted: Whenever a present type of communication
J‘patterns hes been anteceded by & pattern with a higher centrality
ildex, the prasent paftern will lead to fewer incorrect trials, and
less time taken to solve problems than if it had been anteceded by
communi.cation patterns of either the same or lower centrality
indices. The higher the'centrality index 0f the antecedent pattern,
the more will the present pattern exhiblt behaviors that are
charactéristic of higher»gentrélity indices. The lower the
centrality indices of the antecedent patterns the less will the
present pattern exhibit behaviors that are characteristic of
higher centrality indices. If the antecedent pattern has a
centrality index lower than fhat’of the present patterg, than the
behaviors exhibited by the present pattern will be characteristic of
centrality indices lower than its own (more inecorrect triels and

longer time taken to solve problems).
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Approach Threes The primary lmportance of the Change itself;
where neither the antecedent nor the present communication patterns
contribute significantly to the chénges in»the behaviors that
follow impesed changes in communtcation arrengements. It is the
change of routinized behavior itself that is important. Consequently,
after the behaviors of the cirele or wheel bave become repetitive,
gtabilized and routinized, it would De eXPQcted that changes in any
of the arrangements to any of the arrangements will lead to more
positive ﬁehaviors'on the part of the membérs of the groups. The
increase in positive behaviors, (i.e., as better performance on
the dependent variables) will be the same for all communication-
pattern changes. It follows then! the positive effects for the
following changes will not be significantly different from each
other: circle to wheal, wheel to circle.

It also‘follows. if it is the change itself that is of
importance, i.e., that'change hes mére positive effect'than
increased practice, then we can predict: (a) When a cirele pattern
is ehanged to a wheel'arranggment, group behaviors will be more
positively affected then when a wheel remains a wheel (increased
practice); (b) When a wheel arrangement is changed to a circle
pattern, group behaviors will be more positively affected thanm
when a clrcle remsins a cirele.

Summary Statement of Approach 3: Appreach Three suggests that
changes in and of itsalf will have positive effects on the hehafior
groups in communication networks regardless of the direction of the

change.
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VIII. Summary of Study Aimg

The goal of this study is to examine the kinds of changes in
behaviors that take plaice when the communication patterns of small
problem-golving groups are altered. It is hoped ’chaf by establighing
variations in‘ conditions anteced_,ent‘ to the changes, that bsome
important knowledge will Be gained about the role that the history
of organizations and groups’plays in their operations and
effactivencss. Furthér, a major aim in this projeet ls to test
the adequacy of three different approaches for integrating and
. predieting change phenomena, when such phenomens arise out of
alterations in communication patterns. |

et
Seat.

IX. Significance of Rgsgéreh,_

Ae was stated in the section or Aims, this thesie is to be an
attempt to similate some impbrtant conditions of natural large
scale organizations. Changes in communicetion and decisiona-making
apparatus are imposed on the megmbers of the orgenization. Changaes
are o.ften.involved in the Jjob activities of the members of the
orgenization which result from changes in the communication system
of the organization. Changes in ecommunication system involve
_chaﬁges in lines of authority ard loei of decision~making, and
consequently, chénges in productivity and morals. It seems
important, therefore,'to be able to provide an account of the effects

of such chéngea on the performances of problem~solving groups.
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Since all organizations are continuously undergoing change,
gradual or sharp, it would seem important to be able to understand,
Predict and censclously control for the effects of such changes.

To accomplish the‘lattar, Tequires some system of prediction and
ordering of change effeets. In this thesis, three logieally
possible systems are explored, each having different kinds of
predictions and explanation systems for predictedvehange effects.
Where evidence will be provided for the degree of adequacy of such
systems for explaining, controlling and pfé&icting chanée effects,
there will be provided the beglnning of a theoretical integration of
some important orgenizational variables such as problem-solving
ability through the examination of antecgdént problem-goelving |

conditions in the organization.v



39
Procedur

Two hmmired éubjects, pﬁid volunteers, drawn from undergraduvate
‘ classes at Boston University, were randoﬁly assigned to forty groups
of five men each. Four experimental treatments were used involving
all the combinations of “Wheel with Circle communication arrangement.
(A ¥heel condition is one in which one member of the group, the
central person, can send and receive from evefﬁone elge, butige one
else can receive from or send to anyone other than the cemtral
Person. A Circle condition is one in whichieach member can send to
~and receive from the member to his immediate left and the member to
bis immediste right). |

The four treatments used were: (see page 40 for diasgram of the
experimental arrangement of communication change conditions)
(1) Circle-Circle ( a no-change condition where the groups tried to
solve a total of sixty problems in the Cirecle) (2) CGircle-Wheel
( where the groups tried to solve thirty problems in the G}ircle,
and then had to try fo solve thirty problemes in the Wheel)
(3) Wheel-Circle (where_the groups tried to solve thirty problems
in the Wheel and then had to try to soive thirty problems in the
Circle) (4) Wheel-Wheel ( & no-change condition where the groups
had‘to try to solve sixty problems in the Wheel network). The
order of the running ofkexperimental conditions was randomly determined.

Ten groups were run in each df.thg‘four sxpaerimental treatments.

The subjects in each of the groups were randomly assigned to positionmns
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in the commnication network. The subjects were paid four dollars
for their participation and were used only once. Hach group spent
froin three tb four hours in the experimen£al room. The subjects
were allowed to smoke during the experiment and were made generally
vcomforta.ble. No subjects were nsed. who were coler-blind or who
had any admitted previous kmowledge o:t‘ the experiment. ”

:Before the groups 'began to try to solw problems the following
was told to thema "Gentlemen, this experiment is concerned with the :
ability of groups to work togethgr in solving pre'blems. . '.Ehis 15
1mportant research., The Ofﬁee of Naval ReSearch has given us
close to $35,000. to conduct this research over a two Year period.
In order for the resul:b‘s of this reseasrch to » masningful, your
full cooperation and sincere effort are required. Flease follow
the directions and do the best you can. If you do not, all this
. resesrch, money, effort, and time Wlill be wasted., Any questions
you have regarding this study will be answered at the end of the
experiment.¥ |

After the above, a complete list of instructions ‘wa‘s read
out loud by the experimenter. Hach subject was instructed to silently
reoad a copy of the instructions whick he had in his booth, while the
experimenter was reading them out lowd. The- following are the
instructions that were used:

We've agked for your help today in an experiment on the a.bility‘
of groups to solve problems. '.Ehis question is a basic one for any ’
groups organized for solving problems; for example, a regearch team,

a mensgement committee, a gun crew, and so on.
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Fow, before we get started, there 1s one general rule that
needs to be followed, if the results of this experiment are to be
worthwhile. Once we get under way, please do not talk to any
members of your gréup. Any conversation will meke the results
of this experiment worthless.

‘Beforé starting the experiment, we want to get youm used to
the kind of problem you will be solving. So, we are going to
have each of you do, alone at first, what you will be doing later,
as a group.

Each one of you has five an x 54 cards. On each card will
be five out of the following six possible symbols:

There is one symi)ol and only one symbol which appesrs on all

five cards. Your job is to find out what the commen symbol is.

When you find the Qorrect common symbol, Gently pull down One

of the switches on jour right, which has over it that symbel

which you have deeided is the common ons.

Do you have any questions?

0.KE. When I say lgo!, turn over the cards, find the common symbel,

and when you have it, Gently pull down the @ne correct switch.
R RO AR Aok ARk R R Ao A

Now we have come to the main problem. The task is the seme.
This time, howevér. instéad of having five cards aplece, each of
you will have only one card. Your job is te find out, witk the

help of others on your team, what the common symbol is,
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You stlll may not talk to one another. Hach of you can be
identified by a different color. You are allowed to commumicate,
by writing only, on the narrow, message cards on your right (which
are your own distinct color) and by passing them to other members,
through the appropriate channels (open slots) in the apparatus.
But, as you can see, certain channels (slots) may be blocksd up.
This means that you might not be allowed to send messages to
every one, but only to those to whom youw have open channels.

Look in your booth,now, and see what channels aTe open. Yor
every open channel (slot) through which you may pass messages to
someone, there is an open channel through he may pass messages
to you. This mosns that you may receive messages from anyone
to vrhom you are allowed to send mességes. The iarger pleces of
colored paper above and beside the channels (slots) indicate
channels through which you may send messages. The smgller
pisces of éolored. paper abové and. below fhe channels (slots)
indicate the channels through which you may receive megsages.
You may send messages only through the channels marked "sending.!
You may receive messages only through the channelg markad
"raceiving". The color- of the paper beside and sbove the

sending channels is the color identifying the person to whom you
are sending a message. The color of the paper above and below the
receiving chennels is the color identifying the person from whom

you are recelving a message.



You will find 4" x 5" cards with symbols om them, hanging
on the left wall of your booth. On your right {below the switech
box) there is a stack of your' own col'ored. cards, t0 be used by
you for sand_ing niessages to othér members of your group. You have
enough cards to send as many messages as you want, to the men to
whom you have open channels. ¥ach of youm, of course, will have a
different symbol card, siné'e there is onj.y ONE common symbol.
Your job as a teém is to find the common symbol. You must not pass
& megsage sling gp_‘g_h_g_ same card which you receive from someone.
You may eopy’arvxiy mg'ssage ybﬁ get and pass the cory along. The
messages you send must be on your own colored cards. You may
write any kind of a message you want, You have Bcrap-paper which
you may use for any purpose you want.

Your ;)qb is not done until everyomne in your group has the
answer. Then and only then, is the problem solved. Vhen you
have thé answer, you may pass it along (on your own colored
card). When anyone beliaves he has the answer, he should Gently -
pull down the appropriate switech, and then go on working. There
is a switch for each of the six possible symbols that might appear
on your symbol cards. When I see & light on ny panel from each
of the members of ydu.r group, I'll know the problem is golved.

T will then say "stop!.

You are allowed to change your mind about an answer as often

as you want. But YOU MAY HAVAM ONLY ONE SWITCE DOWN AT A TIME.

‘S0, if you chamge, your mind about an answer, makes sure that the



ks

answer has been on for at least ten seconds, then, switech off the
answer and switeh on the new onas.

Your team will be competing with other five-man teams to
see how long it takes to get the right answers. The important
thing is to get the answers in as short a time as possible.

The shorter the time, the better will be your teamis scoras.
You will have a number of problems to solve. Nach problem is
called a trial. Each symbel card will represent one trial and
will have the Trial Number on it. |

Start when I give the signal, and stop when I give the stop
signal. Start each trial by taking one symbol card off the
hanging rock on the left wall of your booth, and trying by means
of written messages, to find out what the common symbol is for
that particular trial. »

You and each tfial by doing the fbllowing (after I have
said "stop" ) : (a) place the symbol card used for the trial in
the envelope attached %o the left wall of your booth (b) £111 out
the questionnaire, answering every question completely (e) wrap
the questionnaife,-arﬁund the message cards‘you‘the received
(&) put a rubber h;na around the questionnaire you have Jjust filled
out and the message cards you have receivgd for that trial (e) drop
the wrapped-up questionﬁaire and message cards in the container
under your booth (£f) When I tell you, turn switches back to off
position, and be ready for another tr;al.

Raige your hand when you have done all of the above things.
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After the Instructions had been read and the subjects had
received answers (which were repetitions of .the instructions)
f{e questions that were raised, a practice problem was used., Thig
:prgctice problem was intended %0 ailow the subjects ‘to familiarize
themselves with the task"being used. Fach subject was given five
symbol cards, with differemt combinations of the six possible
symbols that were used in the real trials. For each of the
subjects there was only ome symbol common to all the five cards tha
he had. Vhen the subject recoznized the common symbol, he pulled
down the appropriate switch oan the éwiteh panel attached to the
right wall of his booth. When all five subjects bhad correctiy
registered answers, the practice problem was ended, the instructions
waTre completed.’and the real problems begun. |

Fvery group was reminded once, for each of the first five
trials only, -of the following: " The importa.nf goal of your
participation today is to golve the problems pressated to you,
correctly, as —q_uickly as possible. Your job is not dons mntil
everyone in your gréup has answered. If you feel you have the
answer pull the appropriste switch and contimme working until
everyone in your group has answered, at which time I will say
stop and the trial will be ended.”

Change wag introduced after thitty trials, since previous
research revealed that after tl;irty trials, within both Wheel and
Cirecle conditions there were no significant diffarences in time

taken to solve problems. (See appendix for results of previous



wy

Tresearch, on the basis of which the thirtieth trial was selected
as the point for the introduction of'cﬁango,)

~ The rhysical change of communication channels was acecomplished
in the following manner. The apparatus itself allows for every
person $0 gend and receive messages from avery one else., The
original restrictions in communication channels were establisghed
by placing a plece of cardboard over all the sending and receiving
chamnels in each booth such that only certain chamnnels were
available, (cut out), for use, e.2., those that the experimenter
wanted the subject to use. The channels available were clearly
marked regarding to whom and from whom the subjects could send
and receive messages. The changes in communication channels were
accomplished by removing the first eard amnd replacing it with a
second card with different communication channels available.

After thirty trials, each group whose network was chenged was
read the following announcement before beginning to try to solve
problems in their new arrangement: ¥ Until now, you bhave been
using certain communication channels openvte you for sending and
recelving messages. ILook in your beothéknbw and gee what channels
are open.. Some of the channels availablg to you for sending and
recelving messages ﬁay be different from those used by you until novw.
When you have familiarized yourself with the oéen channels in your
booths, raise your hands, and we will go on to solve more problems."

For a larger study (of which this thesis is a part) guestionmAires
were administered after each trial. The data collected in these
questionnaires are not included in the analyses used in this thesis.

( See P. , appendix for copies of questionnaires.)



The Fxperimental Task

(2) ¥What it is: Since the major goal of fhe study is to
exanine the effects of antecsdent conditions of different
communication patterns on the behaviors of active, problem—
vsolving gfoups, then the nature of the %ask is of considerable

importance. )

To each subJect will be given a card, labeled by color and
trial number, on which will appear. a set of five (out of six
posaible) symbols. HEach subject's card will be different from
2ll the others in that the symbol’lacking, the sixth omne, will
be a different symbol in each case. Thus, in any set of five cards
there will be only one symbol in common. The problem will be
for each mgmber‘ to find the common symbol. To accomplish this,
each member will be allowed to .comﬂmnicate by meaﬁs of written
messages only, with those other members of the .group %0 whom he
will have asn open channel. A subject who discovers the answer
wiil be allowed to pass the answer aloag.

(b) Wby it is used: . The reasons er' gelection of the
 above-described task are two-fold: (1) There is sufficient evidence
available to demonstrate the influence of the type of task used

33
~ on the behaviors of groups with such tasks to solve. (Smith ,

33
Sidney Smith, "Communication Pattern and the Adaptability
of Task~Oriented Groups" (Unpublished, M.I.T., 1950)
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Guetzkow and Dill , and Shaw ). The importance of kmowing some
of the differential effgcté of-variﬁus ﬁasks cannot be overestimated
when the behaviors of problem-golving groups are e#aﬁined. One
major difficulty in the area of " Small Group Communication”
experimentation is that there 1s not enough knowledge about the
charscteristics and properties of different types of problems that
require solution. pThns it becomes almost imposeiblé to relate
cleariy the kind of problem to the kind'of ecommunication pattern
used to the kinds of behaviois that devgloy. What is known instesd,
is that for a given type of task, for a given kind of communication
pattern certain kinds of group and individusl behaviors will emerge.
In short, what is being suggested is that since we are mot able to
classify properties of tasks and their ordered effects when specific
communication patterns are'inyolved,‘we must resort to the use of ‘
a task whiéh hes been shown to be-related to gpecific kinds of behaviors,
givenbspecifié kinds of gommnnication patterns. 'This necessarily is
done without our knowinz what the properties of the task might be
that actually do’centribute to differences. in behéviors of problem~

solving groups using different communication patterns.

3k _ .
H. Guetzkow and W.R. Dill, "Factors in the Organizational’
Development of Task-Oriented Groups® (Carnegie Institute of Technology,

Penn.) - '
35 R , o : ’
, ~ M.B.Shaw, "Some Hffects of Unequal Distribution of
Information Upon Group Performance in Various Communication Nets',
Journal of Abnormal snd Socisl Psychology, XLIX (1954), 537-553.
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Secondly, since the predictions ebout the behavioras of
problem—solving groups using different communication patterns are
based elther on direct extensions of the Centrality concept, then
it would seem expedient to usa as & task one which has been found to
be consistently relé.ted to the types of communication patterns under
consideration. XEssentially, what is beiﬁg éuggested is that since
the project, to a great extent, centers around certain extemsions
of the Centrality notion, and since specific results are available
with respect to the effects of using this kind of task, then in
order to examine such extensions expe_rimentally, the seme kind of
task would need to be used.

The task deseribed in the sbove section satisfied the previously
discussed two eriteris for problem seléction: (1) It has been shown
to qperate in a given setting characterized by specific kinds of
commnication patterns. (2) It has also been used in the major

study by Leavitt dealing with the concept of Centrality.

~ Apparatus
(See page 51 for picture of experimentarlv apparatus)

The subjects in each grou_p‘will be seated around a cirecular table
so that each will be separa‘bved. from the next by a vertiecal partitien
from the center to six inches beyond the table's edge. The apparatus

has slots permitting subjects to push written messages to the men

36 ,
Harold J. Leavitt, "Some Hffects of Certain Communication
Nets in Task-Oriented Groups®, Op. cit.
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Experimental Apparatus

Experimental Booth

Experimental Recording Apparatus
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- with whom they are allowed to communicate. A five~layered pentagonsl
box is located at the center of the table. The box will be placed

go that the partitions will Just touch each of the five points of

the pentagon. Hach of the five resulting wedge-shajed work spaces
have been designsted by a differéntfcolor. Tﬁe subJects are provided
with blank message cards { the dimensions being 1 3/41 x 12 1/2" )
whose coloers will match those of their resspective work spaces. In
order for any message to be sent from one booth to another it will
"have to be on a card whose color is that of the booth from which the
megsage will be sent. On the left wall of each partition, large symbol
cards ( 4" x 5" ) representing the trials, will be hung in loose-Leaf
faghion. The cards will be placed in order, with backs to the
stbjects. At the sfarting signal, the subjects will pull down the
first card éﬁd begin the problem—-solving. Also, each work space

will De provided with a board on which will be mounted six switches.
Above each switch will appear one of the symbols. When the subject
will have registered an answer, he will throw the proper switch which
will turn on an appropriate light on =& maéter board of thirty lights
in the experimenter's room and shut off a reaction timer wired to his
booth. When five lights (whether or not they will have represented

the correct symbol) representing the five different subjects will
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have been 1it, the triel will be ended 'b_y.the é@erimmﬁero 'The

eJipeI;ime”nﬁer will be able to tell ’bya. glance at the light panel

whethers (a) .f:l.ve‘ diff'erentwsufbjects have thrown their switches, i.e.,

what enswer was decided on; (b) whether s8ll five have decided on the

Same answer; (Ic) by lgter analysis, whether the answef decided on

wé.s right or wrong. The same detailed ihstructions will have baen

given to all subjects in all of the groups. The subjects will be

made aware of the changes in eo&nmu.ni'catibn pattei'ns, ’a.t' the times

such changes will be mad.e.' |
Measures of time taken fof each person @d for the groups as

a whole were recorded y(t".o the nesTrest second.v)' together with all the

responses of the subjects on é, specially prepared data sheet.

(See page

and a desceription of the independ.ent and dependent variables.) o

The snswers to the problems were randomly assigned as well as thg

symbols missing from each of the member’'s cards for the trials.

(See pages |

common symbols and the symbols missing from each member for any

given trial.)
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Questions to be Answered by the Experiment and
Method for Answering Them

(A) fThe followingfquestioﬁ ig the major ome t0 be answered in this
sxperiment: Do groupé in the same communication arxangemants exhibit
differences in time taken to solve problems and number of eorrecﬁly
solved problems, when such groups differ with respect to initial
communicatiph arrangement s? Tbis quest1§n can be answered by
comparing (separately for time takén and number of correctly solved
pré_bl_ems)s (a) 02 with G4 (Db) WL with Wh.
1f differences in antecedent communicstion conditions do not
serve. to distinguish between g?oups that wérk,within the same present
communication network, ther it would be exjected that
(a) C2 would not be significently different from C4 with respect to
time taken to solva ﬁroﬁlems and number of problems correctly
golved. -
(b) W1 wauld not be significantly different :ron{ W4 with respect to
time taken to solée‘problems and nnmbér of problems éorrectly solved.
If however, the kinds of differences in éntecedent commanication
conditions do serve to digtinguish between gr&nps that work within
th; same present commnication metwork, them the following would be
expectéd: 1 |
(a) Ob-would take significantly shortér $ime £oAsolve problems and
have & significaﬁtly greater nuﬁber of correct trials than @2.
(b) Wb would take significantly shorter time to solve problems and

have a'significantly'grgater number of correct trials than Wl.
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If, however, it is not the kind of difference between antecedent
and present communication econditions that serve to distinguish between
groups in the same present communication arrangement, but simply
differences 'beﬁmen past and present patterns, then the following
would be expected: o
(9,) W1 would take sighnificantly shorter time to solve problems and

have a signifieantly éreater number of correct trials than Wi,
(p) o4 would take significantly less time to solve problems and
have a significantly greater number of correct trials than C2.

For any of the three approaches mentioned above tob e supported
in this study, all of the predictions within each approach-will have

had to be supported.
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What They Are ‘ How They Are Hstablished

- How and Why They Are Used

Two kinds of communication Patterns, Established by varying and

Used to study differences in

girele and Wheel, distinguished by limiting the 'who-may-communicate group behaviors (dependent

different centrality indices.
golving Zroups.,

~-to-whom'! nature of the problem- variables) when the two kinds
of communication patterns oo

undergo changes

Dependent Variables

Vhat They Are

How They Are Measured

Performance Measures " 1.) Time taken to solve
‘ problems .
2.) Number of problems
correctly solved

Measured directly during
"~ engoing problem-solving

activities through the use
of electrical recording
spparatus. '

9%

gT*2 °Tqel



57

Table 2.19

Six Symbols Used

SYMBOL MISSING FROM

+H 000+ %Y+ I0OO% O<ODX0+<CD*k+Ix+0490

8

m
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moAA¢A*0+A#0AG*O&OA£0*+@0UUou++
i [#poat0oDonano+nasnoamotatoaans
8 COROX O+ XOO+0000+00+00LOROQOXC
m Ao+UOAuo*+0$Au+0¥+Ao+0A0*0D+bx

TRIAL
NUIBER

Aumaeinecwer YA RTRANARAIYNTLIAINEGR
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Six Symbols Used

SYMBOL MISSING FROM

COMMON SYMBOL

OUQO+¥OR+0IOA0 +%¥00 0+ %0+ D+400

m A*Gon+%ou*o+o+¥01+000n++*®o#ou
m ¥+0¥A0uQ0¢+Ao*ADA*AUDO¥no+OoA*.
m +o*ﬁﬁa+04a*ouOOAoAUOA+O%AoA+UO
g nOo+xDOA00n0*AUO+o*AoAAOD**O+A,
m OA+AoOA+*uV*+uo+*D+*+*uooaun*+

TRIAL
NUMBER

o 7013 67.102 SN~ wo Q
AR AR RRR R TITTISIASEITRARR ﬁf i~ S
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Re gﬁlts

Thig chapter is divided into two partg; Part I is confined to
the analyses required to test thg origina,l ‘predictions “specified
in the Methodology chapter. Results of such analyses indicated the
need for further examination of the data. Part II 1nc1uae§ such
further apalysis. The resultbs in this part neither confirm nor
~disconfirm the original hypotheses. 7 They do, however, provide
evidence for the need to consider modifications of the original

approaches when planning for later research.

Part I

In this part‘, the guestions to be ,ansvreredband methocis used
for answering them ara: , |
(a) Will groups in the W0 condition perform differpntly from
groups in the CC cand.ition for times talken to golve problems?
(v) Will groups in the €W condition perform differently from groups
in the WY coxﬁitioﬁ for times taken to solve problems?
(e) Will groups in the WO condition perférm differently from groups
in the 0C condition for mumbers of correct trials?
(&) Will groups in the CW condition perform differently from groups
in the WW condition for mumber of eorrect trials?
All four questions are answered through the Analysis of Variance

method for trials 31-60 (all trials after changes) .
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A graph corresponding to each of the tested sets of
conditions follows the Analyses of Variance.

Following the presentation of the results in tabuler and
graphic forms, they will be examined to determine the extent to

which each of the three prediction systems bad:been supported.



(a) The results of the Analysis of Variance of the times
taken to solve problems betwesen the Cireles that were changed from

W heels (WC) and the Circlss that wers Circles (CC) throughout are

Table 3.3

1

included in the following table.

Analysis of Variance of Time Scores of Two Conditions (WG and CC)

with Ten Groups in ¥ach Condition with Thirty Trials for Eaech Group

Source of
Variation

- Total
Total Between Groups

Between Methods
(WG and CC)

Between Groups
Treated Alike

Total Within Groups
Betwean Trials

Interactions
Trials x Methods

Interactiont

Sum of
Squares af

2hh,904.29 599

35,489.89 19

1,314.24 1

34,175.65 18

209,414,450 580

7, 147,19 29
43,145.06 29

92,122.15 522

Mean
Sguare

1,314.24

1,898.65

2,556.80
1,487.76

176.48

E

692

lh .%8

8.480

.01

.01

Pooled Groups x Trials

The above results indicate thats (a) there was not a significant

time difference between conditions WO and CC; (b) there were sigmifieant

1. The F test on the raw time data indicated that the variances of WC
and CC were significantly different. (11.485).
data was transformed, logarithmically, and ylelded an F of 4.833.
The latter F was also significant, although much smaller than before
transformation. To compensate for this heterogeneity of variances,
the degrees of freedom used for the actual testing of the F ratios
in the above table were halved.

-

Consequently, the



Table 3.k J
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differences in time scores over trisls; (c) the differences over
trials were different for the kind of condition.

(b) The results of the Analysis of Variance of the times takan
to solve problems between the Wheels that were changed from Clircles
(CW) and the Wheels that. WeTe Wheéls throughout (WW) are included in

b
the following table.

Analysis of Variance of Time Scores of Two Conditions (CW and WW)

with Ten Groups in Fach Condition with Thirty Trials for Each Group

Source of Sum of Mean
Yariation Sguares. af Sguare >
Total © 198,046.64 599
!Eota.l Between Groups 84, 806 144 19
Betweén Mathod.s cw 7 462.14-3 1 7.562.43 1.737 .
and Aw-r‘ o T e . AR
Betwean: Gooups 77,344,01 18 L,296.89
Treated Alike SR o R

Total Within Growps 113,240 20 580

Betwge:g Tr‘lals 365 681471& ©ow 29 1,2611.89 10,765 - -+ 201
Interactiox;s-': S

Trials x Methode 15,222.27 29 524,91 4. hg7 .01
Interagtions: 61,336.19 522 117.50

Pooled Groups x Trials

.. -The above resalts indicate that: (a) there was not a siznificant

time différence between condif;ions WW and GW : (b) there were

2. The F test on the raw time data indicated that the variances of
OW and WW were significantly different (9.0087). Consequently, the
data was transformed, logarithmically, and yielded an F of 3. hez7.
The latter ¥ was also significant, although much smaller than
before transformation. To compensate for this heterogensity of
- yariances, the degrees of freedom used for the actuml testing of the
F ratios in the above table were halved.



Table 3.5 | Bh

differences in time scores oVer_triéls; (c) the differences over
trials were different for the kind of condition.

(c) The results of ths Analysis of Variance of Number of Correct
Trials in Blocks of five trials between thé Circles that wers changed
from Wheels and the Circles that ware Girc;es_throughoux are included
in the foliowing tableol‘

Analxsis of Variance of Number of Correct Trials of Two Conditions

(Wheel~Cirele and circlg:circlgz ith Ten Groups in Fach Condition
yith Thirty Trials Collapsed into Six Blocks of Five Trials Hach :
for Bach Groug

Source of Variation Sun of Squares df Mean Square ¥
Total 118.37 119
Total Between Groups 48.03 . 19
Between Methods (WC o

.and GC). - 8,54 1 8.54 3.89
Batwesn Groups ‘

Treated Alike 39.49 "~ 18 2.19
Total Within Groups 70.34 100
Between Trial Blocks 10.17 5 2.03 3.12 .05
Interaction: _

Trial Bloeks x Mathods 1,66 5 .33 .50
Interactions 8

Pooled Groups x Trial 58.51 _ 90 .65

Blocks ST

'-'The;above results indicate that: (a) there was not a significant

differehce~betw§en ¥WC and CC in number of correct trials in bloeks of five

1. The F test on the variances of WG and CC conditions for number of
ecorrect trials in blocks of five revealed that the variances were
homogeneocus.

F 5.3948/3.9334  1.3715.



Table 3.6 "
',.265

(b) There were significant differeﬁces in number of corfect trials

over trial (e) the differences over trisdls were not dependent on conditions.
(d) The resulﬁs of the Anmlysis of Variance of Number of Correct

Trials in Blocks of five trials between tﬁe Circles that were changed

to Wheels and the Wheels that were Wheels throughout are included in

the following‘table.l :

Analysis of Variance of Number of Correct Trisls of Two Conditions
(Cirele-Wheel and Wheel-Wheel) with Ten Groups in Wach Condition with
Thirty Trials Collapged into Six Bloeks of Five Trials Fach for Each Group

Source of Variation ‘_Sum of Squares df Mean Square F
Total by s 79 ’ . ) 119
Total Between Groups ~ 11.29 19
Batween Methods -2‘ - ‘ ,
- WW-and OW .01 1 010 .015
Betwean Groups S ,
Treatad Alike 11.28 . 18 = .626

Total - Within Groups 33.50 . 1loo
Betwé;h_Trial Blocks 5.84 - 5 1,168 4,14 Signif. .05
Interaction: |

Trial Blocks x Methods 2,24 5 448 1.588 .
Interactiont : . :

Pooled Groups x Trial 25.42 - 90 .282

5 L Blocks

Ltiiéhééa£QVe results iﬁdicate that: (a) theres was not a significant
differeneeabetween CW and WW ih number of correct trials in blocks of five
(b) there were significantﬂdifferences in number of correct trials over
~ trials in blocks of five (e) the differences over trials were not

dependent on conditions.

1. The F test on the variances of conditions CW and WW for number of correct
trials in blocks of flve revealed that the variances were heterogenebus
(F .477/.281 1.697 significant at the .05). Because of this, the desrees
of freedom used for testing the terms in the above Analysis of Variance
Tast ware halved. .
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Ingpection of the results indicates that one of the three
epproaches has been eompletely supportéd. The fdllewing table includes?
(a) a description of the approach; (b) the expected results according
to the approach; end (e) the'referenée to the part of the analysis

that supports the expectation.

Approach Expected Results Beference
Differences in antecedent (1) ¥W will not be signifi- The Betwsen
communication conditions do cantly different from CW in Methods Term
not serve to distinguish time taken to solve Problems. - page 65
between gronps that work : : S
within the same kind of (2) WW will not be signifi- The Between
commmication natwork cantly ‘different from CW.in Methnds Term
number of correct trials. : page 67

(3) 06 will not be signifi- - -The Between
cantly different from WC in  Methods: Term
time taken to solve problems. page 64

(4) G will mot be signifi-  Tho Between
cantly different from WC in  Methods Term .
nnmber of correct trials. : page 66

Evidence for the support of the above hypotheses ‘wae abtained by
fihding in the Anglyses of Variance no. significant time difference |
between WG and GC (p.64) and no significant time differsnce batween GW
and WW (p. 65) in their Between. Méthods terms, respectively.. .. Eviaeneg
was also obtained by finding mo ovéfall'éignificant difference beiwéen
WC and GC (p.66) and between CW and‘WW>(p.67) with regard to number of
corract trials, in théir respective Analysis of Variance tests.

Inspection of the other terms of the Analyses of Varisnce and
the graphs of time and correct trials raises additional guestions

whose answers are needed to complete the findings of this study.
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Part 11

The Between Trials and Trials x Methods Interaction Terms
in the Analyses of Variance of time taken to solve problems, for
WC and CC as well as for CW and WW are significant (pages 64 and 65
respectively). The graph of the times taken to solve problems for
WC and CC (p. 67) reveals that WG, with the exception of two trials
has lower times than CC. It also indicates smaller varistions in
times amongrths last 15 or 20 trials than among the total 30 trials.
ihe g¥apﬁ of the time baken.to solve prsblems for CW and WW (p.68)
indicates smaller variationsvin time‘sco:es among the lgstv15 or 20
trials than ‘among the total 30 trials. With the exception of two
trials in which the times are nearly identical CW has longer times
than WW.

The Between Trial Blocks Terms in the Analyses of Variance of
number of eerrect trials for we and CG as well as for CW and WW are
signiﬁcant (pages 63 and. 64 respecti.Vely) The graph of the xmmber
of correct trials of WC end CC (p 69) indicates that much larger
differences between WC and GC oecur in the last 15 trlals than in the
trials heforg. The graph of the number of correct triala of CW and
W ( p. 70) indicate that the number of correct trials is greater
end more level in the last 15 trials than in the first 15 for CW.
This graph also indicates that there is a trend of decreasing number
of correct trials (three of the four blocks of trials are lower over

trial bleecks).
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In view of the above results and iniications, it seems justifiable
to raise the gquestion of whether or not sub-analyses of the
experimental conditions over trials would provide evidence for
hodifying the .research conclusions that would be baged solely on
the results of analyses in Pai't I. |

The analyses included in Part II are intended to provide evidence
for answering the above question.

In this part, the questions to be asked and methods for answeting
them are: |
(a) Where if at all, does stabiiization of timeé taken to solve
problems take place for the WC condition? This is to be answered by
Analysis of Variance and Tukey's Gap test.

(b) Do the groups in WC perform differently from those in CC after
stabilization has taken place? A "¢ test for trials 46-60 was used
to answer this questlionm. |

(¢) Where if at all, does stabilization of times taken to solve
problems take place for the CW condition? This question was answered
by Analysis of Variance and Tukey's Gajp test.

(d) Do the groups in CW perform diffgr@t‘.tp‘rf::ux@'-thesécinqu;aﬁter
stabilization has taken place? A 4" test for trials 46-60 was used
to answer this question.

(e) Do the groups in the CC condition perform differently on trials
31-45 than they do on trials 46-60 for number of correct trialsf?

AW 4" test was used to answer this question.



(£) Do the groups in the WC condition ferferm differently on trials
31-45 then they do on trials 46-60 for number of correct trials. 4
"$# test was used to answer this.
(g) A "t" test was usBd to answer the questien of whether the
performances of groups in the WC condition are different in trials
31-40 than they are in trials 41-60, for number of correct itrials.
(h) Do groups in the W condition perform differently on number of
correct trials in trials 31-45 than in trials 46-60? This guestion
was answered by a " t " test.
(i) Do groups in the WW condition perform differently in number of
correct trials in trials 31-45 than in trials 46-607 This question
vas answered by a "t¥ test.
(J) Do the groups in WC perform differently on numbsr of correct
trials than those in GC for trials 46-60?’ This was answered by a
g test.
(k) Do the groups in cohdition CW perform differently on number of
correct trials than those in condition WW for trials 46-60. This
was answered by a "t" test. .

Following the ﬁrésaﬁtation of the results of the above analysgs,

they will be summarized in tabie form.



: 1l
(a) The following Analysis of Variance of times taken to solve

problems for the WG econdition was done in order to obtain the appropri-
2 .
ate error term needed in Tukey's Gap Test.

Apalysis of Variance of Time Scores of the WC Comdition
with Ten Groups with Thirty Trialg for Nach Group (Prials 31-60)

Source of Variation Sum of Sguares af Mean Square B
© Total 198,332.67 299
Betweean Groups 26,823.20 9 2,980.36
Between Trials 111,670.47 : 29 3,850.71 16.796 .01
Interaction: :
Groups x Trials 59,839.00 261 229.27

Tukey's Gap Tgst allows the differencas between trial means tﬁat
are significant to be located by comparing any trial mean with any other
according to the least significant difference that wauld be required in
order to consider such a difference ag.significant. ,:; e

Tukey's Gap Test Applied to Trial Means
Trial Mean tims Trial Msan time 1SD Least Significant Difference

(1LSD)

31 246.2 4 - 188.3

32 233.9 by 188.1 -

33  224.5 48 196.4 &

34 228.4 ko 183.9 Lsp t 2 §

35 218.3 50 178.9 05 m

36 211.6 51 182.3

37 215.7 52 177.5 t -

38 210.9 53 182.5 .05 with 18 df = 2.1010
39 200, 4 5k 179.2 '
" ko 191.1 55 176.7 %

41 191.1 56 178.1 2 1.4142

bz 199,7 57 175.9 -

L3 191.4 58 177.4 s 229.27 2.7646
Lk 182,8 59 ’ 1814 m 30

4% 184.4 178.0 LSD__._8.2143

l.v The times used in this Analyais of Variance are the logarithmieally
transformed raw data multiplied by a constant of 1000 to remove the decimals.

Tukey, J ¥W. Comparing Individusal Means in the Analysis of Variance,
Biomgtrics, 5, 1949, pages 99-114.
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With the exesption of trial difference 48~49, there is no
significant difference between any trial and the one following it%,
after trial difference 4i-45. Also after trial 45, with the
exception of trials 47 and 48 there is no significant differenee
between any one trial and any other. I

(b) ‘As the results of Tukey's Gap Test indicate, a 1evelling
off of times teken to solve problems seems to have taken place after
trial 45 Ibr this reason the following “t“ test was done in order
to find oux if the differences in times taken to solve problems
between.WC and CC are significant for trials 46-60.

_ "t" test on Times Takén to. SOlVe Problems Bgﬁgggg o
" WC and CC Conditions with 10 Groups in Mach Trial with 1.

- Prials in Each Condition (Trials 46-60
Condition WG

Trial Mean_of 10 Groups Condition Mesn _ Variance

B6. . 183.3

%4 -188.1

48 196 .4

49 183.9

50 178.9 , ‘
51 182.3 o

52 177.5 ' 181.3 28.4807
53 . - 177.5 ' : _— ‘
sl 179.2

55 176.7

56 178,1

57 175.9

58 177.4

59 181.4

178.0
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Condition CC

Trial Mean of 10 Groups Condition Mean Variance
Lé 189.0

47 199.1

48 *191.7

49 195.3

50 186.8

51 188.2

52 189.0 - 189.7 , 14.4957
53 191.6 : :

54 187.2

55 185.7

56 192.9

57 187.4

58 185.8

59 . 189.4 *
60 186.4

F S°Wo 24.4807 1.9647 Not Significant. An F of 2.48 is
5200 14.4957 o
needed to reject at the .05 level with 14,14 af.
g 7.0175 with 28 af is significant at less than the .01 level.
The above reault-indiqates.that there was a significant
difference between WC and CC conditionsvwith;réspect to meen number

of correct trials for trials 46-60.

o 1
{e) The follewing Analysis of Variance of times taken to

solve problems fer the oW conditian was done in erder to obtain

‘r‘:;!.& o I Flivren

the appropriate error term needed in Tukey's Gap Test°

1. The times usged in this'Analysis of Variance are the logarithmically
transformed raw data multiplied by a constant of 1000 to remove the ’
decimals.
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Analysis of Variance of Time Scores of the CW Conditions
with Ten Groups with Thirty Trials for Fach Group {Trials 31—602

Source of Variation Sum; of Squares df Mean Sguare F

Total 147,894.67 299
Batween Groups . 64,578.07 9 7,175.34
Between Trisls 4y 242,87 29 1,525.62 10,191 .01
Interaction:
Groups x Trials 39,073.73 261 149.71

Tokey's Gap Taest Applied to Trial Means

Trial Maean Trisl Time Trial Mean Trial Time LSD Least Signifieant
Difference

31 . 230.0 BE 176.9 '
32... . 2121 k7 180.0 . . Sk -
33 196.3 48 175.5 ISD ¢ 2 §
34 184 .4 b9 =  :175.9. . - 05 m
35.. .. 189.8 : 50 ... 172.8 .. e e
36 . '185.0 51 . 174.2 .. % T
37 182.6 52 176.0 .05 with 18 af 2.1010
38 18659 53 17%.8
39 176.0 54 173.8 2  l.hk2
40 173.4 55 171.6 :
41 181.2 56 175.1 s 149.71 2.2339
42 176 95 57 . 18? 03 ’ n 30
43 178.1 58 183.3

4 178.7 59 177.2 LSD 6.6374
hs 177.3 60 170.3

With the exception of trial differences 56-57 and 59-60,
there is-no.signifiean£ difference,ﬁetween any one trisl and the
one following it. Also, exclndiné trial 60, there is no signifieagt
, difference‘between any one trisl and any other, with the exception
of trisls 57 and 58, after trial ks,

(4) As the results of Tukey's Gap Test indicate, a levelling
off of times-taken to solve problems seems to have taken place after
trial 45. For this reason, the following " test was one in order
to find out if the differenceé in times  taken to solve problems between

CW and W¥ are significant for trials Lhe-60.
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Ht" Test on Times Taken to Solve Problems Betweern CW
and WW Conditions with 10 Groups in Faech Trial with
15 Trisls in Bach Condition (Trials 46-60)

Condition CW '

Trial  Moan of 10 0 Groupe  Copdition Ween Veriamce
46 176.9

o ~ 180.0
48 175.5
b9 175.9
50 172.8
L35 174.2
52 176.0
53 ... 177.8 . 176.513 19.27
54 173.8 , : :
55 171.6
56 175.1
57 187.3
58 183.3
59 177.2
& 1.;7003 IR
B ~ Condition WW
Lé 172.6
by 177.1
hg 180.9
ko 168.1
50 168.5
51 177.3 o
52 171.6 172.967 16.99
53 176.1 '
54 174.3
55 172.4
56 177.3
57 166.5
58 170.2
59 172.2
60 169.4

F 52CW 19.27/16.99 1.1341 Not Significant. An F of 2.48 is
2 |

needea to reject at the .05 level, with 14,14 df.

gh 3,189 with 28 df is Significaznt at less than the .01 level.
The above result.indicates that there was a significant -

difference between conditions CY and WW with respect to mean number

of correct trials for trials 46~60.
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(e) The following "t" test was done in order to find out if
the groups in condition G0 had mesn numbers of correct trials in
trials 31-45 and 46-60 that were significantly differemt from each

other.

WtH Tegt on Number of Correct Trials for 10 Groups
in Condition CC Between Trials 31-45 and Trials 46260

Group Trialg 31-45 Trigls 46-60 d : d - (d = d) 2

1 15 13 2 2.5 06.25
2 13 14 1 0.5 00.25
3 12 14 2 1,5 02.25
L é 8 2 1.5 02,25
5 12 9 3 3.5 12.25
6 12 12 0 1.5 00.25
7 10 15 5 k.5 20.25
8 9 10 1 0.5 00.25
9 13 13 0 Q ® 5 OO 025

10 14 13 _ 1 1.5 02.25

X 11.6 X 12.1 d 0.5 0 46.50

§% 3145 6.9333

8% b6-60  5.4333

F 6.9333/5.4333 1.2760 Not Significant

LAY 6956 Not Significant (with 9 daf a "t" of 2.262 is

needed to reject at the .05.
The above result indicatee that for condition CC there was
po significent difference between trials 31-45 and triale 46-60

with respeet to mean number of correct tiisls.
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(£) The following "tV test was done in order to find out if
the groups in condition WO hadvmean numbefs of correct trials in
trials 31-45 and 46-60 that were significantly different from each

other .

"t Test on Number of Correct Trials for 10 Groups
in Condition WC Between Trials 31-U45 and Trials 46-60.

Group Trisls 31-45 Trials 46-60 d d-4d (4 - d) 2
1 14 15 1 0.3 0.09
2 12 , 15 3 1.7 2.89
3 14 C 15 1 0.3 0.09
Iy 13 12 1 2.3 5.29
5 14 14 0 1.3 1.69
6 11 .15 b 2.7 7.29
7 15 15 0 1.3 1.69
8 11 10 1 2.3 5.29
9 13 15 2 0.7 0.49
10 11 15 by 2.7 7.29
X 12.8 X 1l4.1 ' da 1.3 0 32.10

§%31-45  2.1777
s?u6-60  2.9888 |
F  2.9888/2.1777 -1;3724 Not Significant
By 2.1774 which is Not Significant at-fhe .05 put 1s Significent
at the .06 level. (A "t" of 2.262 is needed in order toreject at
the 05 level. ’ ' B

In view of the above, and in view of the fécﬁ that inspeetion of
the graph on page indicated that the largest block difference
~ocenrred between block 2 and block 3'(3etﬁeen trials 36-40 and trials
41-45); and in view of the fact thAt differences between trials blocks
3,4,5 and 6 seemed to be conéidérably smaller than the diffeience
between trial blocks 1 and 2, it seemed important to find out if the

mean number of correct trials for trials 31-40 was significantly greater

then the mean number of correct trials for trial 41-60, for the condition WC.
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(g) "9 Test on Munn Fumber of Correct Trisls for 10 Groups
in QGondition WG Between Trials 31-40 and Triasls 41-60

Group Trials 31-40 Trials 41-60 ad d-4a (@~ 4) “
Mean x 10) (Mean x 10)
1 9 10 1 0.4s 0.203
2 7 10 3 1.5 2.5403
3 9 10 1 0.43 0.203
L 8 8.5 o5 0.95 0.903
5 9 9.5 : <5 0.95 0.903
6 7 9.5 2.5 1.05 1.103
4 6 10 b 2,55 6.503
‘8 g 7.5 1.5 2.95 8.703
"9 3 10 L~ 2.55 6.503
10 10 9.5 .5 1.95 3.803

X 8.0 X 9.45 d 1.45 7o 31.230

8231-40 2.00

szhlaso .69

F 2.00/.69 2.90 Tot Significant

¥ 2,46 Significant at the .05 level

The above raesult indicateg that the groups in the WO condition-
had a significantly greater mean number of correct trials in trials

41-60 than they did in trials 31-40.
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(h) The following "t" test was dome in order to find out if
the Groups in condition CW had mesn numbers of correct trials inm
triale 31-45 and trisls 46-60 that were significantly different

from each other.

L test on Number of Corrsct Trials for 10 Groups
in Condition CW Between Trisls 31-45 end Trials 46-60

Group Trials 31-45 Trials 46-60 4 a -d (4 - ) <
1 12 1t 15 3 2.1 Lhy
2 14 1k 0 0.9 0.81
3 15 ‘ 15 0 0.9 0.81
L 14 : 15" 1 0.1 0.01
5 15 13 0 0.9 0.81
6 14 15 1 0.1 0.01
7 15 - .15 6 0.9 20.81
8 15 15 0 0.9 0.81
9 12 . 14 2 1.1 1.21
10 11 13 2 1.1 1.21
X 13.7 X 14.6 d 0.9 0 10.90

s%31-45 2.2333
s“u6-60  .ueB8 |
¥ 2.2333/.4888 - 4.5689 Significant

g 2.5832 Significant at the .05 level

The above result indicates that the groups in the CW
condition had a significantly greater mesn number of correct trisls

in trials 46-60 than they had in trials 31-45.
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(1) The following "t" test was done in order to find out if
the groups in condition WW had mean number of correct trials in
trials 31-45 and trials 46-60 that were significantly different
from each other. |

Ht# Test on Number of Correct Trials for 10 Groups in
Condition WW Between Trials 31-45 and Trials 46-60

Group Trials 31-45 Trials 46-60 d d=.a (4 = d) “
1 15 15 0 0.4 0.16
2 14 15 1 1.4 1,96
3 15 1k 1 0.6 0.36
4 14 15 1 1.4 1.96
5 13 14 1 1.4 1.96
6 15 15 ] 1.4 0.16
7 13 11 2 1.6 2.56
8 15 14 1 0,6 0.36
9 14 13 1 0.6 0.36

10 15 13 2 1.6 2:56

X 14.3 X 13.9 4 0.4 0 12.4

§231-45 L6777
§246-60  1.6555
P 1.6555/.6777  2.4428 Not Significant
wew 1.0775 Not Significant
The above result indicates that the groups in the WW condition
did noﬁ show & significant difference in mean number of corredt

trials between trials 31-45 and triels 46-60.
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(J) 'The following "t" test was done in order to find out

if there was a significant différence in mean number of correct

trials for trials 46-60 between conditions WG and CC.

Bt" Test on Number of Correct Trials Between Conditions
WC snd GO with 10 Groups in Fach Condition for Trials 46-60

Condition WC

Group  Sum Over Trialsg ~ Condition Mean Yariance
1 15 v :
2 15
3 15
-5 14 ' i4.1 2.9888
6 15 _
7 15
8 10
9 15
10 15

Condition CC. R

13
14
14
: 8 ,
. .9 . 12,1 . 1.7666 - .. .
12 : .
15
10
13
13

QW O~F AW FWPE] .

=

F 2.9888/1.7666 1.6918 Not Significant

W8 4,1017  Significent at less than the .OL level.

The above result indicates that for trials 46-60, the groups
in the WC eondition had a significantly greater mean number of

correct trials than the groups in condition CC.
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(k) The following "t" test was done in order to find out if
there was a significant difference in mgan number of eorrect itrials

for trials 46-60 between conditions CW and WW.

M4 Test on Number of Correct Trials Betwsen Conditions
WW_and CW with 10 Groups in ¥ach Condition for Trials 46~60

Condition CW

Group Sum Over Trials . Condition Mean VYaeriance

15
14

wie s

- :
|
nh

Gondition W

15
15
14
15 L ST
14 13.9 1.6555
15
11
ik
13
13

PP ROV RN

F 1.6555/.4888 3.3868. Significant

ngn - 1,5901 Not Significant. (with 18 df., a "t" of 2.101 is
- needed to reject at the .05 level).

The above result indicates that there was not a significant
difference in mean number of eorrsct trials between conditions CW

and WW for trials 46-60.



Question Asked

Part 1T

Table 3.27

Summary Table

Results

Resnit

Reference

Are the differances in times taken to

icant for trials 46-60%
Are the differences in times taken to
#olve problems between CW and WW

significant for trials 46-60%

Do the groups in condition CC have mean No Significant
difference

CC Significantly
solve problems betwsen WC and CC signif-longer than WC

”t“ test
rage 77

CW Significantly
longer than WW

HEH test
page 80

numbers of éorrect trials in trials
31-45 and 46-60 that are significantly

different from each other?

Do the groups in condition WO have mean Not Significant
at the 105, but

gy teat
page Bl

numbers of correet trials in trials

31=45 and L6-60 that are aignificantly -gignificant at
differant from each other? S

Do the groups in condition WO have mean Significant:
L41-60 31-40

.06.46-60 31-45

WEH fast
Page 82

numbers of correct trials in trials
31-40 and 41-60 that are significantly

different from each other?

g fest
page 83

Do. the groups in condition WW have mean. Nb Significant
difference

fumbers of correct trials in trials
31-45 and trials 46~60 that are signif1=‘
cantly different from each other?

Do the groups in condition CW have mean Signlficant:
numbers of correct trials in trials 31— 46~60 31-45

gl tegt
page 85

45 and trials 46-60 that are significantly

different from each otherf?

‘”t” testb

page 84

Is there a significant difference in
mean number of correct trials for trialsWC ©C
46-60 between conditions WC and CC?

Is thers & significant difference in
mean number of correct trials fer
trials 46-60 between conditions CW and

wwg

Significent?

TEh tept
page 86

No Significant
difference

Y test
rage 87
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Discussion of Results

(1) Comparison of Results of Parts I and II;

Reformulation of Original Approaches

The Tesilts obtained in Part II, although not providing
evidemie Yor confirmation or disconfirmation of the original
hypotheses, do provide evidence for the need to reconsider the
formilations of thess hypotheses. If the results of Part I
Wera not interpreted with the qualifications obtained from the
results of Part II, knowledge about what oceurred in this
research wonld have been incomplete.

g. The approach which was supperted by the results in Part I
suggested that it is the structure of the eommunicatien network u
that 1eads to differencaes in times taken to solve problems, and
nnmber of correct trials, and that, regardless of differences in
antecedent conditions, groups in the same kind of preSent network
would not exhibit significant differences with respect to these —
two variables. Support for this approach cmmg from the Between
Methods terms in the Analyses of Variance tests on times taken to
solve problems, and number of correct trials. Sueh results, however,
reflect the complete state of affairs only when all the trials after
the change aregrouped together in the analySea. It turns eux hewever,
that the groups in the conditions that undement change (cw and W)
performed differently in the beginning trials than they did in the

ond trials. As the result of grouping all the trials together,
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'trialbdifferences between gioups in conditions that underwesnt

change and those that did not were obseured. The results of

analyses that took into accoﬂﬁtsuch trial differences, indicate support,
with one exception, for an approach different from the one supported
in Part I with-bhe originnl hypothesese

The approach that was supported by the results in Part II

for the last 15 trials was the one that suggested that tha N
hehaviors of the groups in the same kind of eommunication pattern
would be significantly different from each other if they had haen o
anteceded by different communication patterns.. The directions of
sush differences were auggested as- the follavingv -

(a) groups in a particular kind of communication netgork‘will perform
better when they have had experience in a netwcrk with a higher - .
centrality index than greups which have had experience with anlv 0
the same kind of network. " | . ’
(b) groups 1n a particular kind of commnnication netwerk will
perform less effectively whgn they have had ezperience in a netw;fk
of a lower centrality 1ndex than groups whieh have been 1n the same
Kind of netwerk throughout, | o

- | 5pecifica11y, the abOVQ approach ppedicted thats (a) Oircles '
tha.t were changed from Wheels would do better than Circles that o
'were Circles thoughout with respect to'both times taken to solv;
problams and number of correct trials (b) Wheel that Wwere changea
fronm Gircles would do worSp thathheels that were Wheels throughoux,

with respect to times t aken to solve problems and number of correet

‘trials.
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Witk the exception of the result that Wthls that wers changed
from Circles did not‘exhibit a8 aignificant difference in number of
correct trials from Wheels that were Wheels throughout, the predicéiona
specified above were supported.

The support of the above approach based on the results of Part II
and applying to the performances of the groups after trial 45,
points to the need for a reformulation which would include modifications
on the approach supported by the resﬁlts'in.Part I and that supported
by the results of Part II. Such a reformulation can be stated as
follows: ?he effects of changes that are made in the comﬁunicatioh
n;twaiks‘of/éroblemasolving groups aie'manifest and significant -
only after measurable work periods following the changes' With N
the 1atter qpalification of measurable work periods following o
changes and with the excaption of the one inconsistency 1n the
resulte of Part II, the performances of groups in the same kind of
communiaation networks can be differentiatied on the basis of their
antecedent commnication conditions.

The féllowing section includeéia proposed explanation éf the

aboie inconsistency and a design to be used for testing it.
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(2) Bxplanation of an Inconsistent Finding in the Results

of Part II and a Design for Testing It.

Wheels that were changed from Circles did not exhibit a
significant difference in number of correct trials from Wheels
that were Wheels throughout. This finding was inconsistent with
the expectation based on the appreoch that was considered to have
been supported by the Results obtained in Part II of the Results
Chapter. This approach suggested that the beshaviors of groups in
the samer kind of communication pattern would be significently
differsnt from sach other with respect to times taken to solve
problems and number of correct trials, if they had been anteceded
by differept communication patterns. Aﬁalyaes of the Wheel~01rcle
versus Circle-Circle conditions for both time and number of correct
trials and Gircle-Wheel versus Wh591—Wheel for time supported

25 Ly

the appraach. Hewever, not only was the Wheel=ﬁheel condition not

;If T

signifiéantly different from the Circle-Wheel in nnmber of correct
tri;ié, bnt also, the graph of the Wheel~Wheel condition for B
number of correct trials in blocks of five trials (page 9 of tha o
Results chapter) 1ndieated that there was a trend of decreasing o
number of correct trials.

It is possible to p30vide a plausible explanation of the above
and to design an experiment that would provide evidence for confirmation

or disconfirmation of 1t.
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The decrease in number ofc_o‘rrwt trials in the Wheel-Wheel
condition mey be viewdd as an effect of carelessness brought about
by the absence of change within the Whe'ei~Wheel condition. The
absence of change and the extended rout inized behavior required in
the Wheel-Wheel arrangemsnt over ‘guch a great meny trials may have
been reponsible for such a d..ecrea_.se" in quality of performence. If
the latter is adequate as an explanation; lthen it would De expected
that if change were to be introduced in a Wheel-Wheel arrangement
wlthout changing the structurs of the network, the number of corract
trials would not decrease. It would alsobas expecte& that groups in
a Wheel-Wheel condition with such a change would have a significantly
greater number of correct trials than would groups in a Circle~Wheel
condition. If the latter predictions were tote supported, further
evidence will have been provikded for cpnsideringvthe past expsriences
of groﬁps as affecting their present behaviors.

Threekinds of changes might affect number of correct trials:
(a) changes in persons oceupying the central positions (b) changes
in tl;xe pbsitions of peripheral members to other peripheral éoéitip_ns
(¢) changes which would include both (a) and (b). | |
_ Since there ig no a priori reason to predict that any one of the
a'bove kinds of changes would be more affectiVe than the others, an
experiment &esigned to test the explanation suggested abOVe wouid have
to include all three kinds of changes. ‘

The following is a suggested. experimental designs

- o



Figure L.6
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Trogtment 7 ' Kind of Change
1 i Circle — Vihenl
| ' 1
L
1
2 Theel Wheel
, 2 i : 3
{
[
3 | “hesl Wheel
Y 5
|
4 , - theel . liheel -
; 6 Y 7
W 2 whesl arrenceusnt that has been chenged from e Gircle
1
] 8 Wheel srrangemsnt whoss central member has been changed
5 ‘
W a Wheel arranzement whose perivheral nembers have axchangad
5
positione
v & Wheel mrrangemant whose central members hee been chenged
7 " '

and whoss thres remsining rerivheral nmembsrs heve sxchenged

positinne.

Tho nrocedures, task snd experimental avnaratus will bs the game

for the above sxneriment =g were us~d 1h this studY;
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(3) Limitations of Conclusions for Application to

Other Network Studies

‘There are certain limitations to the conclusions that might be
drawn from this researeh, for application %6 other experimental
network studies. These l'imita,tions arise primarily from the specifie
conditions of the experimentationz (é.) Hach group used in this research
had five members. It is not knomhow differences in group size would
af:fect the 'behaviors of prohlem-solving groups in change conditionso
Other ixwestigators, in nan~change experiments, have used groups of
&ifferent sizes. (1) Helse and Miller36 négﬂ three man groups
(2) bnaWB? has used four-man groups, No cémmunication network stud;y
has used groups with fewer than three memhers OT more taan five.

It is an open question as to whethgr, wiﬁhin a given kincl o:t‘ design, |
dii:terences in size wonld lead. to differences in performances of
members. No research has been done to test the effects of size
dif:ﬁ’erences. Since this is the casé, gen;ralization of these Tesults

to s1milar kinds of networks 'but with differen'b slze groups would

be unc ertain.

36
. Op. cit.
37

%c Cito
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(b) the kind of task used in experiments has been shown to affect
the behaviors of the problem—solving groups: (1) Heise and Miller
indicate that it may be the case'hhat there is no network that is
best in all situationms. They conclude from their research that the
relative efficiency of a gommunicatien net depends upon the kihd of
problem the group is trylng to solve. The latter conclusion hag
been pginted to b¥ other investigators of cozgunication nets: (2)
Smith3 (3) Guetzkow and 1311139 and (4) Shew .

The question that may be raised, when changes are introduced
in a problemrsolving situation, is whether or not such changes would
_haVe had different geffects if the problems on which thp gronps weTe
Working were dlfferent .
(e) fThe way in whieh the communication network was established may
turn out to be an important organizational'variable. 0f all the
exyeriments ontaommunicatien networks, tbere is none that tried to
induce network arrangemente rather than impose them. It mayxery

well be that in problenhsolving crganizatien of the same communicaﬁinn

structure, differences in behaviors of the members will ba exhibibed
which are a function of the way in whlch the organization was

originally established.

38
Op.
39

40
Op. ¢
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(d) The way in whieh the changes were introduced msy be related to
the effects of such changes. The changes in this research were made
without the consent of the members, and wifhout thelr knowledge
beforehand. It is worthwhile to considef what might bave occurred Afl
(1) the decisions to changewere made by the members themselves (2) the
subjeets were to know about the changes beforehand (3) the subjects
had experience in networks whose structureé were establighe d by them.
(¢)The instructions to the subjects specified that they were to
coop-Tate with each other so as to be able 0 get the answers as
quiokly as possible. From such instructions it ean be seen that

both speed and cooperation were streasede The results of thia
research might have been different if the subjects were to have bepn
told that they had to get the right anSWers but that the time

they uSed in doing so was unimportant. Also, differences might

have been obtained. if the su'b;jects had. 'been advised to gat the ‘
anmmwstas individuals as quickly as possibla, in which case, competition’
and not coaperation would haVe been streﬂsad.

(f) 'I'he factor of motivation and involvement in the task is immrtant
to consider. ¥hile it was clear that thp subjects were motivated
enough by the promise of money to work on the problems thraughout

the experiment, ;t was not clear as to how much involved they were.
The subjeéfs knew that they were being paid fér their pérticipatidn

in the reseafch and not for the qnaiity of thelr performanceé.
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It might have been the case that if the reward:. were to have been
contingent upon the quality of performance (shorter times taken to
solve problems and number of proble)_ns correctly solved) the subjects
would have behaved differently.

(g) There was no explicit feedback of _result.s of time and correctness
after each trial to the subjects. The oﬂy network study that has
Some‘ evidence on ,thAe effects of feedback on performance was that

done by Christie, Imce and Macyenl‘ Besldes o.ther'kinds of networks
(where no feedback was involved), two kinds 6f Wheel conditions were
studieds (1) A Wheel with no feedback (2) A Wheel with feedbacik.

- The Wheel with feed.'back about correcytnesé of the trials after each
trial, showed slow learnihé and fair error reduction, as epposed to
the Wheel with no feedback which shOWed no learning zand no error
reduction. The latter 'ré_sult does reveal that under the specific
experimentgl conditions ﬁ_Sed by Ohﬂs{;ie, Ince and Macy, feedbaek
had definite effects on the performances of subjects in the Wheel
conditions. It may »b'e; thq case in situatioﬁs of changes in networks,
that knowledge of resulits would lead to different problem~-solving “
behaviors than was the case under the condition of mo explicit
feedback. | '

(k) The kind of comm‘ication that was éllewsd in this experiment
wes non-verbal. Subjects were allowed 10 communicate only through

means of written messages. The only study dealing with verbal
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communication was that done by Heise and Miller. - Communication
took place over an intercom system. The communication networks
used included one-way as well as two-way éhannels° The size of
the groups used was three. The results of the study indicate the
importance of the task in interaction with the type of network.
The results were in agreément with those foumd by Slaemr.“3
In change situafions such as thoge nged in this experiment, it might
be the case that opportunity for verbal interaetion would have
different effeets on performance as the result of influences on

the psychological reactions of the members both to the network

in which they worked and the changes made in it.

(&) Limitations of Conclusions for Application to

Kither Kinds of Groups

The limitations pointed fo in the preceding section iefer
primarily;to conclusions that might be generalized to other
experimental studies of communication networks. There is another
set of limitations that need to be considered as well. Such questions
refer to the extent to which conelusions from this research are

generalizable to other kinds of groups or team. The following section




is intended to anSWervsuch questions by considering the special
characteristics of this research and comparing them to natural work
~ETOoupSs. |

() In this research, as well as in other studies invoiving communication
networks, restrictions on the avgilability of certain channels of
communication to members are crucial, since it is from these restrictions
that the structures of the networks are established. In natural work
groups, the division of labor with its specifications of chains of

command and lines of authority also rastiiot the channels of communication
available to members. The major difference between the kind of
restrictions in communication netwerk investigations and that of

natural work groups is that fhe'former restrictions are physical

end the members can not communicate to members to whom they do not

have open channasls, whereasvithe:restrictione on communication in

natural work groups are not physically detormineé but are the

results of organizational rules of what should not be done.

(b) Belatea to restrictions on communication channels, is the faet

that members of problem-oolving groups 1n commmnication networks' N

are also limited in the eztenx to which kmowledge about the positions

of others in the net was available to them initially. The uncertainty

a

and ambignity of role-relationships that might be expected to ariee

RN 3

from such a lack of initial information, however, decreases as members

hecome more certain of the positiona of those to whom they can

communicate and as they ebtain more knowledge about the total work

arrangement through second hand aonrcesa - It geems that the more |
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structured a network\is the more likely ié it that members tend to
develop s completely accurate estimate of the total organization.
Natural work groups, to a great extent, tend to approximate the
above kinds of conditions. Hven ih work groups, wheres face-to-face
contact is possidle, énd whéré’no direct physical boundaries are
Placed on the poéitions of the members, analogous phenomena take
place. When a work group is newly fo:med, members generally have

a certain amount of information, but not en&ugh, to be positive
ebout the roles of the other members and themselves. Certain formal
work requirements may be specified bub many other and more-difficult-
to=locate guidelines and ciues have to be acquired. Also, in
natural work groups, the more structured the work arrangements, the
more likely will such furtherbinformation be acquired earlier.

(¢c) The experimental conditions of this research and other network
studies have made the participation of every member necessery to

the successful solutions of the problems, in order for the problems
to be solved accurately and with complete certainty and information.
Bven in such situatioﬁs, howevér, it was possible for subjects to
register corrgct answers without the information from or aboﬁt gome
of the other members. Such procedures were contrary to imstructions
and could only have been accompanied by less than complete information
end certainty. The likelihood of such responses being correct is
smaller, the less & member relies on the information of others. In
natural work groups it is much less the case that each member‘bas

information that others do not have. It is also less likely that
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the certainty and accuracy of the group prodmets wouldbe as much
affected by the absence of a given member. Of course, the degree
to which the absence of the contribution of a given member would
negatively affeet & group product would depend at least on the
position of the yarficular member in the work structure and on how
meuh of his c.ont‘rihut_ion would normally have been preseant in this
Product. In splte of the latter difference between problem—-solving
groups in natural and experimental network settings, it is néverthelees
one of degree-

(4) The source of structursl changes made inthe arrangements of natural
work groups is external. Promotions; demotions, changes in orgenizationsl
units such as the integration or division of departments nesrly always
come from iecisions mads by those who are not mctual working members

of the units affected by £ha changes. Similarly, in this research on
changes in networks, cha.ngeﬁmade in commnicaetion patterns came

from outside the groups. The experimenter mzde the decisions and
introduced the changeaa ” | |

(e) G-enerally, when the sources ot change lie outside the work—areas
affected. by the changes, the method of introduction of such changes

is one oi impositiong In ﬁhe laboratory situati.on, the mem'bers -of

the groupa had no choice in the acceptance or rejection of f.he changes.
They could, however, work well ox poorly within the new pro‘blam-solving
arrangements. Similarly, in- natural work groups, changes that are

made génerally 1;ake the form of having an exferna.l source and of
imposition. Members of such groups, generally, have little voice in

the acceptance or rejection of the formal changes-
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Just as in the case of the laboratory network groups, howsever, the
reactions of members to such changes can take the form of resistances
~ which would be manifested in less productivity than would have beea
expacted under the new arranéements~ The introduction of technological
changes in industrial erganizations which lead to lower efficigncy_
than would have been expected purely on a techmolegicel basis, would
be a good example of ﬁhe sbove phenomenon. ¥ven in the cases where
mansgement seeks tomin the approval- of the members for changes by
using the various Human Relatlons techniques designed to create
feelings of invelvement and control over decisions, the above
statements still hold. This is so,siﬁce the latter kind of management
flexibility extends only to how the changes are going to be accepted,
and not to whether or not the change& are going to be made.

(£) In this network research #e well as in others, there was little
epportunity for informal organizaions to develop. In part, this may
be attributable to the short lengths of time that groups in network
studies spend azs members of work groups. Other ﬁajor Teasons Secem

to be that members of such groups bave little opportunity to interact
verbally, and to associate with each other outsidé the immediate
working situation and the#'retﬁrn to their jobs. Personality differences,
so important to the development of any informal organization, have
little opportunity to emerge and have effects in this way, due to the
short life of the group, the lack of opportunity to interact verbally
and to the absence of associatione off the Jjob during the life of

the group. In such settings, personality charscteristics emerge and

have effects mostly in the area of Jjob suitability: the extent to .
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which the demands of the position that a member has are congruent
| with his personality. Natural organizations differ considerably from
'network problem~solving groups in the above respect. The conditions
specified above as tending to limit the development of informal
orgenizations ‘do not characferize naturel work groups to the
ap;precia}ﬁle extent that they do in the case of laboratory network
problem—-solving groups.,

(g) There are similaritiés, but also considerable differences between
natural work groups and the problem-sblving groups used in this
research, in terms of motivational and reward systems. .In this
research, the primary motivation was the money that the subjects
received for their ;participation in the study. Such a reward was
not dependent on their performance in the group. The subjects kuew
that they would get peid regardlss of the guality of their
performance. The work that they did represented to them only a

very small and. probably feryunimportant part of their lives. In
natural work groups, alf.hough money is s8lso a primary reward, the
quality of the performances of the members is crucial to their

being rewarded. The work that m@bers dovin natural organizations :
generally occupy a much more central place in their lives. Greater
involvement with their jobs is to be e-xpected.‘ more than in the case

of work groups in the laboratory communication network investigations.
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(5) The Need for a Frogram of Research

The previous sections (3 end 4) specified the major limitations
of generalizations that might be made from this‘reSearch to other
experimental studies and to natural work groups. These limitations
were in the form of ﬁariables that have not been explored either
adequately or at all. There is no inbtrinsie reason why studies of
changes in communication networks can nof be designed to explore
such variables. If usch were to be done, then generalizations to
other studies and to other kinds of grbuysvwould be much more
valuable and justifiable.

A program of rQSearch is needed in order to increase the
applicability of the generalizations. Sueh a program of researeh
would have to inclu&e the systematic study of the following variables:
(a) Size of group (b) Kind of task (c) The method of establighing
networks (d) The method of introduction of changes (e) The emphasis
on quality as well as quaﬁtity (£) Level of motivation and involvemesnt
(g) Feedback of results (h) Verbal communication (i) Knowledge of
positions of other members (j) The necessity of each member's
contribution (k) Source of changes (1) Opportunity for informal
organizations to develop (m) Opportunity for personalify characteristice

to affect performances.



(6) Centrality amd the Bffects of Changes

(a) The results of the research indicate the usefulness of the
concept of centrality for understanding and predicting the effects
of changes in communication networks on the behaviors of problem-
solving groups. It has made possible the operational distinctioms
between communication structures, and consequently, has allowed changes
in such structures to be‘clearly intreoduced and controlled.

(b) Vhen changes in structure are introduced, & measursble
work peried is required before the effects of such changes become
manifest and significant. This holds t,ru‘ regardless of whéther the
changes are froxﬁ higher structured arrangements to lower ones or
viece-versa. Such work periods immedistely following the changes are
viewed as transition perieds, during which groups learn how to
operate within the new arrangements.

(¢) Past commnication experiences are believed to influence
the operations which groups decide to use within the new arrangements.
The 'be];avi.ors of grou;és in a given network are viewed as the preducts
of the interaction of the present and past‘coﬁmu.nication structares.
When a communication pattern has been anteceded by one with z bigher
centrality index, the performances of the groups in it are better
than would have been the case if the antecedent pattern had the
gsame centrality index. When a communication pattern has been anteceded
by one with a lower centrality index, the performances of the groups

in it are worse than if the antecedent had the same centrality index.
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The Results in a Context of a Rational Approach to Planned Change

The Study of problemésolving groups has received 2 continuously
increasing amount of attention from beha#io:al scientists.A Mach of
the resppnsibility for such increased attention seems to have come
from the growing interestiof experimental organizational analysts
in small-scale laboratory simulations of cbnditioﬁs that were.
previously considered to be treaﬁéble primarily in non-experimental
and natural organizational settingé. The increasing body of literature
on communication arranéementS'in probleh-solvingvgroups i1lustrates
such a trend. From the point of view of‘formally considering the
structural properties of orgenizations as they relate to the
effectiveness of their working parts, the study of communication
structures is seen as a means of partially opening the black box of
knowledge about the inner ﬁo:kings of larger organizations. To a
great extent, one might Jjustifiadbly suggest that the major focus
or organizatiénal analysis is or should be communication.

The work arrangemenf of positions in an orgsnization may be
viewed a& a pattérn of communicating parts whose collaboration leads
to some product (s). Communication conditions smong members can be
viewed as either defining or reflecting chains of commands, lines of
aufhority and responsibility,‘and contributions to the product that
represents the work of the organization. Obvidusiy there is an extremely
large number of possiblevﬁrrangements of positions. Such possidble

arrangements can be ordered in terms of the extent to which suthority,
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responslbility and contributions are distributed or concentrated
among the parts. The more highly structured & work arrangement is,
the more will authority, responsibility and mejor contributions to
production be concentrated in fewer parts. Structure is considered
to be directly related to the quality and quantity of production of
physieal goods and the psychological goods of the People occupying
the parts in it!: their feelings of satisfaction with their job,
éompany, supervigion and co-workers. |

Demends for more equitable distributions of contributions
and decision-making responsibilities of members of organizaﬁions
have been incresasing conéiderably in the 1ast fdrty years. . The
increased education of workers, world events (wars)_haVe given
impulse to the development of a more democratic ideology in business
organizations. The growiﬁg impoftancg of a social technology that
stresses shared leadership, together with many other factors has
glven prominence to organizational problems that center around
the individuals occupying the parts of a work structure. The majorxr
question out of whichk such problemS“éme:ge is: How can an orgaenization
progress tgchnologiéally and at the time provide for greater
gelf-realization of its members through ite work structure? The
latter question of how to chaﬁge‘is meaningless unless it is congidered
in a context of " there should be a change." The FPhilosophy of
modern organizations would suggest that what exists, exists as -

temporary measures or stepping-stones for things to come.
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A fubure-orientation has bec§h3 normativé fo: managers and leaders
in large orgenizations. Change seems to be the order of tha day.
Tradition and the past seem to be more and more unimportant as
determinants of the contemporary organizational sceme. What seems
to be happening is that change is becoming traditionalized, so
that contemporary erganizationhl guide-lines for action become
Arooted in & principle that thirgs shounld be differenf frdm the past.
If such a prineiple of difference from the past and such é tradition
as change is for the good, are accepted and followed, then the
problems of present-day organizational managers and students become
sharply delimited and certain organizationel issues become primary.
Giﬁen change as the central theme, questions arise agitos
(1) What the relative weightings of the various goals shouldibe’in
planning for and institubting a change; e.g. profit, service to
the community and benefits té the members of the organization?
(2) How shbuld change be infroduced, e.2. external impdsition versus
internal decision-making by members; gradual versus sudden;
broad versus limited, and so on? |
(3) Vhat kind ofrchangeito introduce; e‘g. what structural changes
in organization would lead to whaf kind of effects on the
performances of members?
(4) VWhen should changes be-intro&uced, e-g. when conditions are
most stable or when they are least stable?
(5) What preparation for the effects of changes onbthose affected
by them can be made; e-gZ- wﬁat are the human relations effects

of such technological and struw tural changes?
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The results of this research focus on aspscts of question (3):
When structural changes are made in the communication patterns of
problem-solving groups, what effects are there on the performances
of members?

In spite of the growing emphasis on change and the increased
attention of small groups researchers to problems related to larger
organizations, therg has been very little effort invested in discovering
the conditions that need to be considered when changes are to be
rlammed. It remains, then, to consider how the results of this
research relate to.tﬁe present state 6f knowledge about ebmmnnicatian
and change in organizations, and how they‘might_contribute to
the discovery of such conditions.

Communication and change can be considered theoretically in
terms ofhzwo different approaches to organizations: (1) the Rational
Approach  (2) the Natural System Approach&s. The kinds of
communication and change problems differ in the two approaches.

The Natural system approach would consider communiczation in terms

of its functional aspects for the internal social system that develops
out of the external system.aé Comﬁunication.would be treated as a
dependent variable. It would be considered in terms of the adjustive

and equilibrating tendencies of organizatioﬁs in response to

disturbances in their éystems. .Communication, in this context, would

bty

Max Weber, "The Nssentiels of Bureaucratic Organization:
An Ideal- Construction', Reader in Bureaucracy ed. by Robert K.

Merton, Ailsa P. Gray, Barbara Hbckby, and Henan C. Levlin;(Illinois:
Free Press, 1952).
45 | |
Philip Selznick, "A Theory of Organization Commitments", Ibid.

George C. Homans, . eit.



Serve such purposes as: (a) maintaining social control, setting and
Preserving standards of behavior, modifying either positively or
negatively some of the behaviors expected solely on the basis of the
formal organization, (b) providing acceptable and supportive outlets
for feelings whose expression is not instituxionaliﬁed formally,
(¢) providing informatioﬁ to members abomt things that are going on
in parts of the organization with which they have 1little ox no
offlcial contact, and which affect their membership in it:
introduction of.techhological changes, layoffs, new‘incentive systems
and so on.

In a general gense, the kinds of commumication probl;ms
emphasized in the Natural system approach would be those that '
refleet inadequacies of the formal organization for maintainiﬁg spclial
homeostasis. Iﬁ this same context, change wounld be considered ;h L
terms of indicating dysfunctioning in the formal system. Change
would be treated primarily in terms of unanticipated conseqnencéé
of formal elements in organizations. Incréased absenteeism and labor
turnover following the introduction of new equipment in an orgemnization,
" together with lower productivity than would be expected on an
engineering basis, illustrate the kind of issue that would be likely
to draw the attention of the Natural system approach.

The Rational approach concerns itself primarily with commnication
problems as they relate to the’structural nature of organizations.
Yormal propsrties of the institutions are viewed in their relationships

to planned expectations about communication issues such as:
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(a) probléms of delegation of authority (b) span of command (e)
upward and downwerd commanication cheanmels for getting a Jjob done
(4) elarity of communications about contractual relationships sueh
as role expectations. The latter include such elements as who-does—
what-to-whom in the organization. The general focus in this
approach is on the formal communication requirements of an organization
for achieving pre~planned goals. Communication is used as an
independent variable. As opprosed to the Natural system treatment of
changes a8 being unanticipated consequences gnd symptoms of
disequilibrium, the Rational approach would view changes in either
of two ways? (a) as buman deviations Trom the ideal type, not
reflecting disequilibrium, (b) in terms of planned adaptation to the
demands of the external environment. In this approach, (a) would
serve as the explanatoiy device for imperfections in the application
of the pure model and (b) would serve as an explanation for the way
bureaucratic organizations compensate for disequilibrium between
themselves and the problem-solving requirements of their environments.
The Rational approach to problems of communication and change
provide the more meaningful context for the results of this study.
In order that change might be planned for most efficlently, with a
maximuim of control and predictability ofveffects, and with s minimum
of unanticipated consequences, greater knowledge i1s required about
the conditions or variables that need to be considered in planning.
The results of this research indicate tng:the following kinds of
conditions need to be taken into account: (a).the structural

arrangement of positions which delimit the distribution of lines of



131

authority, responsibility and contributions to the group product,

(b) the suitability of a given*structﬁral arrangement of communication
positions for meeting the demsnds of the problems facing it, (e) a
developmental model (which needs further elaboration and testing)

‘that mekes the following assumptions: (1) past experiences of people
lead to selective modifications of later experiences and, responses

to past experiences will terd to transfer over to later situations,
(2) transfer will be greatér, the more similar the later problem-
solving experiences are to past ones and the more the past responses
have become stabilized.

In this research information about allvﬁh:ee conditions was
utilized. The structural arrangement of poslitions was qlearly
understood and controlled for through the use of pétterns which were
established by controlling cqmmunication ehannelé available to members.
Knowledge about the suitability of the patterns used (Wheel and Circle)
o7 the tasks required vas obtained through the results of Leavitt's
study ? and through a prenminary study carried out with the
Primary purpose of increasing thé certainty about the suitadility
of the patterns of communication uged in the experiment. ZFinally,
change was introduced after stabilization of times taken to solve
problems hgd taken plaée. The post change experiences of members of
the problem—-solving groups were identical to the pre-change situations,
with the intended exception of changes in the pattern arrangement of

communication- channels.

Wy -
Eerold J. Leevitt, Op.éit.
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Taking into account the above information, it is possible, when
Planning changes of organizations, to make some predictions with
more certainty than before about the planned effects of such changes

on performance.
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Anslysis of Variance of Times Taken to
Solve Probleme for the Circle Condition

in the Summer Study

The following Anslysis of Varisnce of Times Taken to Solve
Problems for the Circle condition was done in order to obtain the
appropriate error term needed for Tukey's Gap Test.

Analysis of Variance of Time Scores for the Circle Condition
with 10 Groups with 40 Trials in Fach Group

Source of Variation Sum of Squares df Mean Square F
Total 5,638,433.51 399

Between Trials 3,653,660.31 39 93,683.60 .0l
Batween Groups 538,973.66 9 59,885.96
Interaction: 1,445,799 .54 351  4,119.09

Trials x Groups

The error term to be used in the Gap Test was obtained as
follows:$ )

4,119,09/40  10.1488 S
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Tukey's Gap Test Applied to Trial Means for the Cirelas Condition

The following test was done in order to locate differences
between trial means that are significant when compared to the
smallest difference between means that would be needed before such

e difference would be considered significant.

Tukey's Gap Test Applied to Cirele Trial Means

Trial Mesn Time Trial Mean Time ISD Least Significant
Difference
1 626.6 21 112.4
2 338.3 22 127.1 i
3 274.2 23 110.7 Isb t 2 s
L 213.5 24 104.6 . .05 m
5 226.2 25 109.5 , ,
6 182.3 26 98,1 t 2.1010
7 2ho .4t 27 97.8 .05
8 171.6 28 93.2
9 182.0 29 93.9 i
10 165.9 30 90.8 2 1.4142
11 172.5 31 108.5
12 151.1 32 83.2 S 10.1488
13 133.7- 33 93.8 m '
4 . 129.3 34 -108.8- - - G e
15 120.3 35 81.9 LSD 30.1545
16 162.1 36 88.7
i7 127.1 37 86.6
18 151.8 38 82.8
19 115.5 39 75.4

20 -111.8 Lo 764

The above result indicates that, with the exception of trisls
31 and 34, there is no significant difference between any trial and
any other one after trial 30. Also, after trial 30, there is no,

gignificant difference between any one trial and the one following it.
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Analysis of Variancg of Time Scores for the Wheel Condition
in the Summer Study
The following Analysis of Variance Test was done in order
to obtain the sppropriate error term for times taken %o solve
problems for the Wheel condition needed to apply Tukey's Gap Test.

Anelysis of Variance of Time Scores for the Wheel
Condition with 10 Grougs with EO Trials in Egch Group

Source of Variation Sum of Squares aft Mean Sguare by

Total 5,318,208.96 399

Betwgen Trials #,102,825576 39 105,200.66 .01
Between Groups 114,628.41 9  12,736.49
Interaction:

Trials x Groups 1,100,754.79 351 3,136.05

The error term to be used in the Gap Test was ohtained as
follows?$

3,136.05/40 8.8320 s



117

Tukey's Gap Test Applied to Trial Means for the Wheel Condition

The following test was done in order to lacate differences

between trial means that are significant when compared to the

smallest difference between means that would be needed before

difference could be considered significant.

Tukey's Gap Test Applied $o Wheel Trial

Means

Trial Mean Time Trial Mean Time LSD Least Significant
. . Differences
1 629.4 21 69.6
2 307.3 22 0.8 %
3 294.6 2 76.3 LSD = t 2 )
" 190.8 24 57.9 .05 m
5 138.1 25 63.0
6 115.6 26 sh.2 t
-7 107.5 27 58.6 .05 with 18 4f.
8 104.7 28 59,7
9 91.4 29 78,0 %
10 .83.2 30 79.3 2 1.41420
11 90.6 31 72.7
12 116.8 32 59.0 s 8.83200
13 265.4 33 " 59.6 n
4 - 63.4 34 540 - - Co
15 63,7 35 52,6 LSD = 26.2419
16 84,4 36 55.3 :
17 63.1 37 63.0
18 68.3 38 55.8
19 66,8 39 ho.8
4o 56.6

20 68.7

The above results indicate that, after trial 30, there is no

significancé between any one trial and the one following it. Alsd

after trial 30, there is no sigznificant difference between any one

trial and any otharx.

2.1010
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The study of organizations in their natural state and problem-
solving groups in the laboratory has recelved increased attention in
Tecent years. Communication in particular has been the research
concern of many investigators. Problems of changes in communication
processes have been virtuﬁlly ignored in experimental studles as well
as in field investigations. The.existence of disgparate notions
unsupporﬁed by‘empirical eviaencé about the effects of such changes
provides somewhat confusing and conflicting references for making
predictions. |

There is, however, a growing body of evidence coming from
laboratory experimentation about the relationship between communichtion
networks and the performances of problem-solving groups in them. As
well as providing such evidence, certain of these studies also make
possible the establishment of operationally distinguishable communication
structures and the introduction of rigorously controlled changes in them.

This is a laboratory study of the effects of changes in the
patterns of comminication of smAll problem-solving groups. These
changes are in terms of who~caﬁrcommunicate—to—wﬁom‘ The overall
quebtion to De answered is: What effects do changes make in the
communication patterns of problem-solving groups have on performance?

Two~ffive;person communication patterns were used: (a) a Circle,
in which every member could commnicate to the persons on the immediate
right and left, but to no one else. All members ares equal with respect

1
to the centrality indices of their positions; (b) a Wheel, in which

1 v

Harold J. Leavitt, "Some Effects of Certain Communication
Patterns on Group Performance!, Journal of Abnormal and Social Psycholegy,
XLVIII (1951), 38-50. CQentrality is defined as the sum of the distances
from all members to all members over the sum of the distances from a

given position to all others.
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each of the four members counld c.o“mmu.nicate to the fifth, but to no
6ne else. The fifth person could communicate to everyone. The
centra.lity indices of the four members are egual but lower than that
of the £fifth or central person.

Four experimental conditions were used: (a) a change from &
Circle to a Wheel (GW);‘ (b) a change from a Wheel to a Circle pattern
S (we); (e) & Wheel pattern throughout (WW); (d) a Circle pattera

throughout (CC). Wheels have higher centrality indices than Circles.
(A group centrality index is the sum of the centrality indices of
the members.) |

The task used was ome that reguired members to find the common

symbol from among six possible ones, through written communication only.

Disgram of Fxperimental Arrgge'mgnt of Communication Conditions

Trials 31-60
Ten groups in each of four

¢(Circle) ¥(Wheel)  conditions: CC,CW,WC,WW.
c .
Triale Five subjects in each group?
1=30 : ' o Cirele W Wheel
_ .

By comparing the performances of CW with WW and WC with GC,
it was pomesible to déﬁerminé which of the following approachés wes
adequate for predicting the effects of changes on times taken to solve

problems (%) and number of problems correctly solved (n).
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Approaéh I...Groups in a Given kind of network will gxhibit
differences when their antecedent conditions have been different.
The directions of such différences depend on the centrality indices
of the antecedent conditions: (¢) oW ()W (n) oW (n) WW
(¢) wo  (t) cc (n) Wo (m) CC

ApproachIl...Changes in patterns of communfcation will lead te

better perforﬁances regardless>of the centrality indices of the
antecedent conditioms: (t) We  (t) ¢C (n) wc (n) cc
() o (&) ww  (a) oW (n) WW
Approach III.It is the structures g;;ﬁgglprgsent communication that
Serve to.disbinguish-betweenitherporforminces of problem-solving
groups, rather than antepedent eonditions or the changes bthemselves.
This approach would be considered supported if the following results
were to be obtained: (t) WC (t) ¢cC (¢) ow (%) ww
(n) W¢ (a) cC (n) oW (n) ww
i(t) We (¢) oc (¢) ow (&) wW
(n) Wc (m) cc (n) ow. (n) Www
Approach.III was supported. “Ebr both kinds of communication
patteras (C and W) the'structures of the present patterns and neither
the different anfecedent conditions nor the changse themselves served
to distinguish between the~pe:formances of groups in such patterns.
CGircles took longer times to solve problems and had fewer correct

trials than Wheels.,
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Additional (t) and (n) analyses were done for trials 46-60

(1ast fifteen trials) between WG and CC, and between CW and WW.
The results wers: () WC  (¢) ©C; (o) We (n) G
(8) oF (&) W () o () W

Speculation bPased on the results of the additionsl analyses
‘suggests that a modified form of Approach I might be useful in further
research on change: When changes in patferns of communication are
introduced, & measurable work period is required before the effects
of such changes emerge significantly. Such effects appear to be
different for the (t) and (n) measures of performances. Considering
(t) as the measure of'performance. gach a modification would suggest
(for further tésting)"that for a given kind of network, d ifferences
in antecedent conditions would serve to distinguish between the
performances of groups in the following way? When & communication
pattérn has been anteceded by.one with a higzher centrality indax,
performances of groups in it would be better than if the antecedent
" condition had had the same centralify index. When a communication
pattern has been anteceded by one with a lower centrality index,
the performances of groups in it would be worse than if the

antecedent pattern had had the same centrality index.

2 ‘

Significant Trial x Network Interaction terms in the anslyses
of variance for (t) and (n) suggested the need for additionsl
analysis. ’

)
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