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ABSTPACT

This paper describes a study that icvestigated the
communication retwork efficiency and network efficiency stability of
four urban high schools, using a 'sociometric questionnaire and a
computer-developed communication matrix. Working hypothesis for the
study was that schools with fewer staff members would, have more-
efficient and more s*able commurnication networks. Sociometric data
vere obtaired from gquestiornnaires completed by professional staff
members at four Seattle-area high schools, and a matrix was formed to
represent eachk school's communication network. These matrices vere
ther mathematically msanipulated to calculate measures of
communicatior efficiency and communitation network stability for each
‘school. Analysis of the data showed that neither communication
network eff1c1ency nor netwvork stability was 51gn1f1cantly related to
school size. (Atthor/JG) .
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‘ FOUR URDBAN SECOUDARY SCEOOLS

~

s - by

Richard 1. Taylor

The following article describes a research study funded by a Charles F.

4

Kettering, Ltd., I, C. E. grant. Communication network efficiency and

efficiency stabiIi:§ of fcur urban secondary schools were exanined, using

a nociometic questionnaire and a computer developed comzunciation matrix.

Tie hypothesis that schools with fewer staff members wéuld have more effi-

clent and more stable networks was not substantiated.
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Richard Taylor ie Principal of Rainier Beach High School, Seattle, Washington.
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‘ : COMUNICATION NETWORK EEF ICIENCY - o

’ . AND EFFICIENCY STAGILITY IN =~ . 7

FOUR URBAN SECOMNDARY &C=J0LS | -
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v
N .
- .

The study .reported here invelved: (1) the ahalysis of

communicaticn network characteristics of four Seattle high schools,
. » )
and (2) comparisons of some of these characteristics among the four
- schools. Two questions were considered; Vhat happens to

- ccmmunication network efficiency’ if high communicator individuals

. ¥

are removed from the network; and /what com'arisbns‘can be made
A EY P A de

A

between schools of varying size?

. s \
) .
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In an earaéer study, Taylor (1971), usihg a compu

qererated :ommunicafion'mafrix; studied the ne*work efficiency o
- --—a-tongitudinat basis of one of the schools. A Charles 5.~Ket?§rin§,;-—f N
. - L 7 ~ .. , .

.td., grant w:z obtained to confinue research using other schools a .-

thesized that network.efficiency

N Tin the Seattle area, 1+ wa2s hypo

.

. would vary irom organization tg ation and that a kgy factor : . -

Specifically, it was

-~ Y e - )" .
rore efficient and more stable netwdrks. . - A

.
- . . -

R Y
Network and natwork efficiency def

s
LIERN

. ’ ’; . . e : l. . : )
. A’communication network consists of the pattern of diadic

: R communicatidn relatichsnip that éxis?s,wirﬁipzan organization.
Thus, if CarcNtalks do Bép‘aad Bob talks ‘to ngiand Ted talks to

Alice, a network describing this relationship would look like

1
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- this: .C --B - T - A. This phrticular net is called a chain. )
. . ' . - . . '\

if, in addition, Alice talked with Carol the network would look o

like' this: ?'—;? ." This net is called a circle.

A—T

M

- »

1f everyond talked to Carol but did not talk to eny other person

the net would look like this: %ﬁt/T . This is a "wheel” net.
» i | | - .
. A <
- - - - ’ “? ©
If everyone talked with every other one the net would rlook like
. This is an "all channel” net. ’ ,i .

¥

T—0

this: 2
| X1

'

; * “

thwork eff1c1cn_x

One nctwOrk is sa1d to be more efficient ;nan afother if

-

- t«uns 1uLcrdeldr) 1links occur Hgtheen conmunlcants. Thus ' the
T .o

. <

- wheel and all Lnannel nets dnscxxbed above are mor° eff1c1cnt

a

*than the circle or the- chaln. Ca&oi can talk dlrecLl) to the

other three in the wh°e1 or a11 cﬁ%nnel but she can communlcate

Vetwork eff1c1encv stability *” Lt

4

i

One other var1ab1e was considered in thlS study -- namely

net“ork eff1C1ency stab111ty A network may be sa more
stable than another-lf when damage GCeurs to a part of the net >

the eff1c1cncy of the ne; is reduced 1ess than the o*her.' Using

. i N
- ouf'examples. 1f Carol 1s renoved from the wheel network, the T

° * .

efficiency drops to. zero wh reas if she is removed from the all,

- cRhannel.net the efficiency is unaltered.

-
- <
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Matrix representd t on of soc1o auhic'data

Sociograph 'repnescntation of communication networks:

" works “ell if the number of comnunlcants are relatively small.
However, as tﬂe number of communicants ingreases the data be-
comes more and more-difficult to plot. ‘The computer and the
use of matrices instcad of or iﬁ'addition to sociograms has
provided an answer. to this problem. The use of matrices also

' p;evfdcs for the manipulation of the data using matrix algebra

"and as such made the study of eff1c1eg£y stability poss&ble,

The steps 1u\01ved in thls process as‘they app11ed to th1s stuJy

te

are descrlbcd below., ' - )
L R - "

~

Tomh

[ The del)SlS of the sotlometrlc dath used in this study

S L .

\i Wj; sua;cstod by Festlnber (19 9), Luce}and Perry (1949), and

\ Fest ln”CI; Schacter and Black (1950). McCleary {1957) app11ed

A
\ Festinger's

\ .
‘munication nets. in a high school staff. Lin (1968) in ‘studying

analysis with some modification to analyze. the com-

. the communlcatlon characteristlcs of three elementary schools
\

dcveloped a conputer program building on Festinger's ear11er

methods.
The mcthod used 1in thls study was as follows:

1; Soc1ometr1c data were obtained from ‘the professlonal

of a questionnaire to each school staff. Namés of persons were

elicited from respondents indicating 'the nature of the communica-

|
|
|
i
staff of four Seattle senior high schogqls through admlnlstratlon ' ,J
" tion contacts between themselves and other professional staff /,' 1




nembers. R . . )

2. AN x N matrix was formed for each school from these

data by converting names. to numbers and p1ac1ng the number of

each respondent in a column in the left margin-of a matrix and ,

the numberrof the nominated persons in a row across the top of

the matrix. The questionnaire required that a respondent react

to five kinds of contact frequency: several times daily, daily,

-

two or threc time5~a week, several times monthly and several

times a year. For purposes of this. study the matrices were de-

veloped'dying the da11y and Several tlmes daily dolumns only el

4

this decision was somewhat arb1trary however it was surmised that

-

d111y contdct and several t1mcs da11y contact ¢id, in fact, es-

tablish.a more than casual communication relat1onsh1p Put ani

nwﬁthermway, the first two categorlea_arc the only two available .

13

. . . . . . .
~which would indicate that inferiation (a message, Tumor) could

-

’ho,dlffu,cd within a day' s<%%ﬁv' A plus\mark (+) was plafed- in

i
—

the row and column coxrespone:ng to the respon&

$S0ns he nominated; that is, if person 5 omlnated.persons 1, 3,

spt and the per-

and 4 a plus mark (+) appeared in columns 1, 3, an in the 0
: - i =

row numbered 5. Cells corresponding to persons not nominated K
. - . . > ‘E “
. 1

were left blank The resplting matrix was subject to the rules f

. ‘ .
. -of ma x nultlpircatlon. * x

15
/- 3.,\The matrix thus formed was used %o make a symnqtrxcal “

-

submatrix ogmmutual choices (persons> nomlnated person. 12 a§d

. '
1 I . o
s . . 1 . -

S

person .12 n 1nated’/9rson S) )
Ve

; 4. The symmetrical matrix was sqﬁjﬁ&dr eubed and ralsed

to higher powers until®a 50% aturat1on

e
o ‘-— i [N . ' § L \
. e e e e e e — 3, U
. . " .
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- These data provided a measure of communication eff1C1encyu%

-

5. In order to determinc the ;tability-o{ the network
efficiency a fifth step was included. The matfzi btained in (3)
\above Qas examined for high communicators. f;c first five highegt’

* communicators were removed one at a time and step‘number (4) was -

repéated'after each was removed. The symmetrized mdtriceg.thus
il . e . , .
formed'proVidéd a saturation index which jhdicated_gtdrop,in_,
saturati?n as a re%ult of the'removalyof pers;ns from the_matqixq
-r,?hc qméuut of drop per “person removedlpfbvided>an fn§}cation ofm

-
»

Hetwork stability. A further step but not a part of this research

_ dnvolved converting the symmetrized matrix data to sociographic
6 L

data of departmental subgroups. Theas-iiza were shared with the
3 C ' e
e ~

— . ,{ . !
\ .

o 'Rising a matrix to higher powers ;in communication
terms -indicates that "n" communication steps exist between any S
two individuals where '"n" equals the power cf the matrix. . -
“Thus a squarcd matrix indicates two step connections btetwecen
individuitls. That is if 'a' contacts 'b' and 'b' contacts
'¢,' 'a' may be said to have contact with '¢" in- two steps.
Or 'a' may bc said to be related to 'c' through one interme-
diary. (X matrix of power n.may be considered to indicate the !
n-1 internediaries between any two 'individuals.) Thus a matrix
raised to- the ¥ifth power indicates-.a five step relationship
between any two people or that two people aré connected through
four intcrmediaries. . ’ - :

-~

A saturation index indicates the efﬁicigﬁty'of.lhe~com3
munication structure. (One hundred,percent‘saturation_could .
be reachcd by raising the matrix to,higher/agﬁ higher powers if.
no isolates cxist in the organization.) . Am brganization which

~ reaches saturatien with fewer power iteratiomns.may he said to
be a'more efficient communication system than ofe with more
Dpower iterations. Or, more appropriate fpr this study, an
organization requiring fewer power iterations.at one time than
at another, may be said to be more efficient at that tife.. :
‘Charters (1969) suggested that it is not necessary te raisg the
“matrix.to 100% saturation in order to pb#ain‘é saturation index. .
He indicated ‘that an arbitrary cut off q& a lower saturation - ,
percentage would be cqually useful and less costly. A 50% cut- -,
off level was selected fog’;71§ s;udx. 7 . D
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- however as the datalfrom subscquent research’'is avallable.

i ' 6 ‘ ‘ S .

v )
participating ischools to be ‘used as communication feedback. . . .
: . T - . Sk, -

f .
' 6. The data fron the four schools were .comparcd with

respect ‘to conmunication network efficiency and network efficiency

-
. . s

stabilicy. .

«

Limitations of the-study
. S ‘

-

The study is limited in several aspects:

1. The study ;S primarily descriptive and as such per--

_haps a case study approach deallng w1th more varlables than *~ ,

<

~

e —~

;;jkaff size would have been approprlate. . / o

'

\ * 2. It was-not possible to apply either parametric or

\

nonparametric tests of dlfference to the data because the num-

ber of schools sampled was smallZ This 11m1tat13n may chang

L4 .

e 3. Thc measure of communication efficiency stabitity-- -~ -

L]
L . . . .
involves a purely mechanical process which may have more va-

1 v for analyzing inanimate networks i,e. electrical or . .

¢, &
hydraulic pets rather than human communleatlon nets.. It may
®

\

TN |

“ be, f@ﬁilustance,‘that as a g1Ven'h10h communicator 1is removed .
/

from an oroanlzat1on, adlustments to that \\35 may take place.
2

whlch would adjust to,—or possibly improve the overall stabitTty

) ’ s
., i ~
— \ - N .
- - -

J

i

1’

i

i

i

|

i

of the nets - j
. : /////ﬂ;//*///, L .J

~

Results of the Study .
é; .o : . ., »
o T .

/é results of the study are reported here in two
£

¥

cqmmun1cat1on efficiency and .comfunigatiop = -

seneral -categories:

stabillty.
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.Conmualcatlon ‘efficiency ‘ i 1 }
. All four schoois- requlred at least three mult1p11eatf§’/ o

“of thc S)mmetrlzed matrlces to, reach 50% saturatlon and one _

¥ . school required‘fdur. The results ‘after three~matrtx~malt1p11—
5 ' .3 ,
catjoné are shown below: : ) " -7 IR .
.o ' ‘ Lo o S
. . . Percent of Number of ,
’ ' : School Saturation Réspondents -
T, : ’ A 67 - 58 -
. o P . B , 41 ' 74 o
‘ P . C 63 .15 1
- £ VT . D P 67 ~ 77 _ )
& ¢ At 19 apparent from the table that school size for the

.

‘ -qdhOol sampled d1d not prov1de an’indicator of network efficiency.
‘ Bo Sehool A (the smallest 5ch001) and School D (the laraest o

,ww,alsghooj) had a.67% sdturatron after three mu1t1p11cat10ns of the‘

v 1}

“matrices. Schools B and ¢ wh11e very 51m11ar (N=74 and N= 75) in

N
T

RN

staff <1 ¢ had w1de1y vmrylng saturatlon ‘indices (41° ‘and 63%)

.- ’
* - -
: .

‘thcr;}hrec multiplications: ‘ . .

1

. i
. . . . .ol i

° - ° . * ) . .- ‘
(0mmun1cnt1on ex51C1ency stab111ty ~ ‘IJ
i

:

, ' R ’
0

o : 1he mcan drop in saturatlon per communlcator removed was ‘.-i

-

computed. for cach»school That 15,.a> a hlgh comnunlCaLor was.

-
~ st

: renov;d from euch matrlx xhe mean drop in matrlx satuﬁatlon per

individual. removed was, 5 termined. These means prGV1ded an indv-

. ‘i;’
- ] -
catbr of network stab 11ty o | _ , o
‘ \ - . . . ) - ) . . .

- N "
R . . . ]
« ' ‘ L. ¢ i .
. L . 3 . s ’

-7 . School Av- 4.47% dlop per 1nd1V1dua1 remove '
. ." SchoolB » 2.4% " . - ' .
... Schood €;- 3.0% "V e u

. " ’ I TR

. School D - '3.0% - M o
awEs s DR S .

-~
»




.. . Dijcussion .. Sl .

. It 'was hypothesized that omaller schools,would.have more
eff1c1ent dnd nore—gtgble conmunlcatlon netwerks: The data ob-
tained fron thls study did, not bear this out. In actual1ty L \Q
School D (the largest 1n\the sample) had as eff1c1ent a: network ’
system as School A (the smallest school). NetWork stability - .
1nd1cators 11kcw1se bore no relationship 'to scﬁool 51ze. fhe‘.
smalleet school (A) had the largest drop in cff1c1ency The, -
school with the least drop (School B) had a very low satqratlon

perccntagc at the three step level however the percent drop per

tindividual | removed ,was the lowest of the four schools. ‘ ) \

: Th)s writer belleves'that at least two 51gn1f1cant con- - -

-

cludions can be asserted as a result of—the study (1) cpm-‘

mumdi cat ions nctwork data can be obtalned at little cost, and

(2) - (at Icaxt for this study) school. 51ze alone is not predlc-

&

tive of nctwork efficiency or network eff1c1ency stability. '

‘ '

- 1hc percentage of 1nd1v1dua15 respondlng to the ques-

tionnaire 1n the schools studied was either 100% or close to it.

Adn1n1strators reported little dlfflculty in collect1no conpleted

*

qﬁcstionnarres. The ¢ost per computer run varied, however, ﬁ
. nrlptout of the communlcatlon matrix for the largest sehool was
1ess'than‘ten dollars. Key punchlng of thg data ran as hlgh as

\

tWenty dollars for ‘the Iargest sehool 'These

osts could be-
further reduoed 1f mark sense questlo /were developed.

Even sor it seems that data 1nd1cat1ng communlcatraa nets, in-

¢ o
d1v1dual 1solates, 1solqte groups and llalson persons are,e3sily -
R e . T Y
. e . A . w7 B e
N

'y N v . .
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.T " . ' 'obtained and thh rtlatlvely pittle cost )

i
. -
IS

. -7 It'is apparent from the schools-studied that ichool,Size

- ., - P ’.' - ) . 3
~ was not a significant, factor in determining nétwork efficiency
: Tor etficiency“stablllty. This should‘nqt-be taken.to mean, how-

: qver,othatﬂschool 512e is- unlmportant -It is probable that

school -size along W1th several other vdrlables fnteract in d1f—
ferent1a1 ways dependlng on the characterlstlcs of the several

1

variables. The largest school, for instance, has a hpmogeneous

.

. " . .white student population, hasbenjoyed a stable leadership and . - \‘!

| .

- ‘teachlng staff.and has attempted several currlcular and organl-

- N

L4

‘ f nt1ona1 changes’ on a school:=wide ba51s. . ) ) .

e

T ‘ Fhe smallest school has an 1nter -racial student popula- ‘

tion (has. had'racial unrest), a stable teacher populatlon, a
< [}
' preat dnal of Admtnlstrat1ve turnover, and a dlfferent hlstory

of school-wide “curricular or organlzatldnal change.

A3

] .Several questions se‘l’approprbate.a a result of the '
study: [ . . . o
] ! - 4 ' _g . <
' 1. To whdt extent do the .results/of this study describe . -
‘a more gencral population' of .scheols?
S : . .
. 2. 1Is efficiency stability a fundtion.of communication 1
. / ‘ - { ] .
/ efficiency? Co " . .
- ., » a %‘- M ,
v ‘
. .. - 3, What happens to conmunlcatlon network,eff1c1ency whdg_
) smaller and smaller.or lar er and 1arger schoois a e sfudled? ‘“H {
» ;' ‘6 .o
One final obServation: It seems to.this writer: that TEe- .

T ' s
*search u51ng computerlzed soc1ometr1c data nay have (as they éay)

=P

’ L a'lot.going for it. The .cost 1s not proh1b1t1Ve and the data

t

[l

aré?ea511y COllectlb e. There is ‘a need for much.more»research
to be done. . i ‘ e
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