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This report describes briefly some .of the main findings that
have'. come®out ‘of -a program of research at The Johns Hopkins University
on Human factors in telecommunications and teleconferencing syste _
It has always been’ ny policy to publish our resedrch findings in the )
open periodical literature so that they are readily and freely available . 1( .
through ordinary library facilities to all interested .persons.. For that I
reason, it would be redundant to give in’ this.report-a complete summary . -
of all.-the-findings that have come out of my research program. One. - T el
important function of this report is, rather, to provide a complete s
‘bibliography of all- the studies we have published so far as a convenience <
For those readers who are. 1nterested 1n this area of research

~

A research program in any established laboratory is a- continuous . o
process that,cannot be’ segmented- into 1ndependent and autonomous units.:' .
iNor can individual research studies always be terminated to correspond o
exactly to, administrative,.or’ “budgetary time units. Although the: pro-"’
gram of research at Johns Hopklns has gradually shifted hases o
throughout its existence, it ‘is, nonetheless, a continuous process. '
The findings summarized in this report are for those projects that have
been completed, and -that have been published in the ¢pen literature on '.‘:Z

This. )
report does not cov research studies in various stages of complet10n; :

or reports in various

+ f.‘l
v e

B . , o - <
~This research program has produted?an‘extremely rich series of . .
_findings that "could not b fully coveréed ‘in a report such as thlS one. / 2 .
Details of findings are a able in the. :published literature. ‘Rather, ‘ !

this report extracts some of the most .interesting findings of the several

E agué;es referred to here, and integrates those findlngs into a series '
'-vofn&éader generalizations. L n

. In discu351ng the f1nd1ngs of the Hopkins research ‘program, I do
‘not mean to suggest that it Is the only: one that has been .concerned
with these problems A great deal of very good, work on person—to—person
‘communication, and on human factors in telecommunlcatlons,_has been
done in dther laboratories. Prominene\among them are the Communications :
~Studies Group at University College. London, Bell Laboratories in the =~ |
.United States, Carleton University in Canada, and. Bell Northern Research
in Canada. While acknowledging ‘the fine work of: those other laboratories,

. this report 15’ frankly what it says, a report of work daPe at Hopkins. .

.ﬂ N t4

’v,.' N c . -
. \ . .

. It . . - »
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Purpose of'thé Ebpkzns Brogram : o o ]
vThe goals ‘of the-Hopkins program are to discover (a) hoqueople
: . naturally communicate with each other when .they are require& solve
*. -  problems, of various’ kinds, (b) how interactive human communication i3
'_j .affected by the machine devices and systems through which people cogzenge,
" +and (c) what significant system and’ human variables affect interactive
%t_f communication: ¢ - /| . , S : ’
. . s . Lo )

All the’ research conducted.- -in- the Hopkins program has been done
by having people communicate with one another in various ways . Since
they originate from basic ]aboratory research, the findings are hope-
fully relevant to several" areas of application.  Foremost among these-

N areas«of.ap lication is the.design and use of ‘telecommunication and
teleconferencing systems. The- findings are, however, only slightly
- less reIevant to ittteractive man-computer systems. And, fifallg, our ;. %
“data have' ‘some bearing on the conduct of face-to-face meetings 'and
conferences.- Th_  purpose. of the Hopkins program, however, has been to
produce basio daka, about human 1nteractive ‘communication.and” not td

’ concern dtself, d ctly w1th;specif1c areas of applicatlon.. 3 .

l 4" .
W~ . e TR

of -

IR?ports'f- ’B%udbes vaerad e . o 'f':' .

v
»

g
- ther nine sebarate experiments have been completed
analyzed and - repbrted'from .this program. - They have resulted in -*
thirteen.publicatlons, a complete list of which appears at the end
of- th1s report..jh:_ S o o
- 3 . iy ’
- - Co ' INI@RACTIVE TELECOMMUNICATION DEFINED
S K In communication research it is important to make a distlnction
'+ . between interactive and unidirectional communication. For years . :
7 ' psychologists and :other’ ‘scientists. haue been concerned with the effec--
- . tiveness of unidirectional modes of communication, such as highway -
;"j81gns, books, lectures, and telev151on broadcasts. In. unidirectronal
e communication, the person to whom a message is addressed is a passive
‘:f-'reclpient of inforpation. Nothing that he does or says affects the .
communicator, the communicationJ;rocess, or the content. of a message.,
: 7V\ In 1nteractive communication, by contrast, thé’participants are
«bOth senders‘and receivers of information. Communicators, the commu-
/ nicatlon process, and the contents of messages can be, and usually ’

lvffteiephone conversations, and man-computer dialogs are examples of
j ~interactive communication. This paper is entirely concerned wi
'ﬁf .interactive communication. I s

¢ f . . K ' @ : 7 _ ’ .

O : .o e : /.

'are, affected by all the participants. Conferences, arguments, Sem nars, .
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Telecommunication means simply communicatlon‘gt a ‘distance. :
- Although our interest is primarily in tglecommunication, I shall have C
a great deal to say about. face-to-face commGnication becaiise it is the

_standard against which the effectiveness of pechanically— or. electronicallyﬁ
mediated communications -are usually eompared. : -

THE RESEARCH SETTING AND LABORATORY’ s o

A In considering modes of communication it is 1nteresting to ask
ffrsthhat human skills are used naturally in person—to-person communi+
cation.’ The list is surprisingly .Short. .Everyone, even the 1nart10ulate
and dumb,. can convey information by body movements:—postures, gestures,.
and facial expressions. Virtually everyone can speak one of the natural
languages—-perhaps not grammatically, but fluently. A majority of people -

- have at’ ledst some elementary level of competence ig’ writing. Finally,

a respectable number of people  know hdw to type -and. even some people '
without typingfexperlence seem to be able -to approach the keyboard and
peck out acceptableames§ages. But these few different kinds of skills
exhaust the list.- . o T S ﬂ’i : .

~

Our experiments have tested four different channels,of communlcatlon .

that are the mechdnical or electrpnic counterparts ‘of the four forms ..
of natural ‘human communication that I have just described. The four.
channels are video {rhe picture part ‘of television without the v01ce),t
voice, handwriting, and typewriting. Three of the’ four ba51c channels
have been tested singly, and all of them have . been tested in various
combinations.‘ The . ‘individual ‘channels or combinatlons of them are

".referréd to collégilvely as modés. . We have tested as many as ten dif- Q?ff
ferent®modes in a slngle experlment (Ochsman & Chapan1s, 1974). lAs a _,. -

standard of comparison we typically\rely on normal unreStrlcted face—
to-face communication, which for several reasons, we have“called a

AN

communicatlon—rlc -mode. . R . . *:i‘*’ .-

; . . - / ﬁ - - ’ L. .. : o MDA e .
The laboratory in which most of our experiments" have bee he

consisted of two adjoining rooms" connected,by a soundproofed dﬁubie RN

door (Figure l) The wall between- the rooms also had 1n.it a/large -
double-glass panel, which could be covered‘w1th ‘an opaque*sc een so

- that the -persons in each of the rooms could not. see.each/ot er. When’

v machine's -are linked in such a way that anythlng typewrltten or wr};ten A

~the panel was not covered the participants could’ see : each ther and:-
:could conversé freely through a‘microphone and loudspeaker; even though

they were separated physically. ‘In some: of our experlmenns, ‘subjects (tf.

~have actually been face—to-face, or: 51de by s1de, 1n the\'ame room.

/ Te .

\
Figure l shows teletypewrlting and telautograpH mathéhes. These

T S -,

. .
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in longhand on a machine in one room—ts s1multaneously“reproducgd on
- e other. Video cameras and monitors enable us to duplicate closed-
- circuit television or to use either the video. or audio channels
separately. : _ a

- -t -~

. ‘

»'- For one of the experiments discussed in this report (Krueger, 1976),
"we used four adjacent laboratory rooms in the~P§ychology Depa%tment
- (Figure 2) for tests im the televoice and teletype communicatipn modes,
S and a room (Figure 3) built especially for conférence research in the .
Department of Social Relatioms. at The Johns Hopkins Univers1ty for con-
ferences of 27 3, or 4 persons. . . L.

About a year ago, we expanded and redesigned our leboratories as.
shown in Figure 4.  The new arrangement permits us- ro test as many as
 four persons in as many different rooms. Communication facilities among
. "the robms allow all persons to communicate with all .others, or allow~
% ' ._only certain ‘communication links to be used.: o .

l/’..‘__...‘PROBLEMS ' T : -

‘,' T / IR Y

_ .In our research we have tested two main kinds of problems: co-
“ -operatiyve and conflictive. - Altogether we have compiled and tested nearly '
20 different problems of both kinds. L . - -

Cboperatzve Problems -
i\

P—

N important cniteria' : s

- -
. > ! » ',vr '
- -

?(l) The set -of problems samples a w1de range of psychological
abilities. TFor example, some problems ‘are entirely
>+ clerical paper-and-pencil tasks, some involve mechanical _
manipulation, others require careful attention to detail, <
SN , and others méke use of Stlll other psychologncal skllls..l
:‘/< R Q?) The- problems are representative of tasks that are, the 1
i o subject of interactive conferences or meetings, or that * )
_ ‘might .be addressed in such meetings. S
- - - e _ ) o : .- 1
‘ 5'3\(3) They are of-recognizable‘and practical importance_in‘every—
: - ® - -+ day lifer-they are not abstract.or artificial problems of
il ) S the type often constructed to measure hypotheticaLJpsy— .
‘ ' : »chological processes. . . :
T ) . , i P
. (4) - They. have def1n1te, recognizable solutlons and the solutions
can be Teached w1th1n approximately an hour. ‘ S
7

c
d

¥

Ay

Our- cooperative problems have been carefully chqfen to meet several \‘
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AR (5) They require*few or- éssé tia&ly no specialized skills or:
e _’ B knowiedge forotheir solut on: . ?;; S S s
- . . © . ,,_‘ 3 ’ .' .. ._\' -

_3'_1-_:34- (6) They.are fbrmulate&~in such/a way that their solutions require

U /; " I -the- efforts of two‘individuals working together as™a team L
-7 77, This.is dote by deliberately structuring -the problems so-

- ~

o :";73 that each member of-a team recéives complementary information

:"cf“ﬁ“‘-r folios. dﬁe member of the-team, the seeker, ‘is given. a,prob— ‘
IR ~ lem -for which he has to find a solution. < His: information - .-

7 folio consists’ of ‘certain parts of the problem. The other .
B .- - member of the ‘team, the source, has a foljo with thé remainder
: P of the information needed to solve the problem. Therefore,zi

'-W‘__“»' ‘;ﬂﬁ while neithér person can solve the problem by himself, the -

two of them have all the 1nformation necessary to do so.

- -, -

. The brief descriptions of Seven of our cooPerative problems below

V-Will convey some idea of their content, diversity, and flavor. oo

T

- 5§$-Q> CZass schedulzng problem. The seeker 1s given a list of four

college ‘courses which have to be arranged into a workable schedule
within specified time coustraints, such as' commuting schedules, ‘The
.source ‘has a 97-page booklet listing the complete time schedule -for
courses at the JOniversity of Maryland.' The courses and constraints
" are- such that there is only ‘a single~correct solution.‘ \

: \

_ Ihfbnnztzon retrzeval‘problem The\seeker s task in this problem
is to\prepare a bibliography of newspaper(articies relevant to a parti—, :
cular topic, for example, the threat to individual privacy that would
be posed by a United States Data Center based on a computerized in-.

- -formation retrleval system.r’The source is given the New York Times
Indez for 1967 from which .the c1tations are obtained to compile the
bibliography._, . j , ‘%- . . .

o, -

.,f-.yuz | Phrt ¢déntzficatzon problem. In this;problem, the seeker is given

a small pilot:light .socket (Figure 5) and is told to imagine that it is
defective.. His task.is to obtain an: identical replacement socket from
the source. The source s’ iniormation folio consists of -an inventory of

"9 65 pilot light- sockets (Figure-&). Although . .all 65 are similar in '
“many ways, each differs from. all the others in one or moTe Tespects, €.g.,
in the kind of base (bayonet VSe screw), size (3/8 in. vs. 1/2 in. vs. - ...
- 3/4 in.), and material (metal vs. bakelite). One and only one socket ‘
in ‘the source's inventory matches the seeker's. The seeker is initially

 unaware of the extent or diverS1ty of the source's inventory and so the
-two. participants must exchange 1nformation 1n order to discover the .

-~
- R . 4 . . -

- T L
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"replapéhent socket ;in his possession.

~ /. Fault-finding problem. The seeker in this problem h
'a mock-up of -~an automobile. ignition system using a commerc
auto analyzer. The-ﬁockrup\pf the ignition system .is cons
genuine .automobile parts.” The source has a booklet with a

e T S

feleVant featdrés;5ithe problem“is comﬁletelwhen the seekgr has the

as to test -
ially available
tructed of '
description

of-.the auto @nalyker ‘afid detailed instructions for using the ‘analyzer

in making a variety.of tests. The problem is completed when the .seecker,

with the aid of information supplied by the 'source, has performed all

the necessary tests and has identified the defects that are built

iﬁto_;he_mockeup.

. Catalog ordering problem.- The seeker’s taéy:in this problem ° -
is to select furniture with which to furnish an-office. He is given '
a sum @f money- and is told to spend as much of it ‘as possible in pur-

" chasing the’ five specified items: a desk, chair, file cab

contains vatrious -selections of these items.- To -insure a'u
certain items in .the“gatalog are marked "out of stock” ot

inet, waste.

" basket, and bookcase. The source is given a mail order catalog which ,~ "

nique solution,.
“discontinued."” -

_ Equipment-agsembly ?roblem;{ In this problen, the-segkg;[s.jqb'-
. is to assemble a common househald article, a trash can carrier. His

_information folio consists of all the disassembled parts of tha 'artiélef;i

just as it is received from the catalog order house from which it was = -

purchased.:_Tq;provi&e eagy access and identificationy the parts are

_hung .in a standard arrangement on 2 pegboard panel. Although the .

X assembled.device is large (approximately 61 X 91 X 122 'cm

in ovérall .

.4 dimensions), it is constructed of light-weight aluminum tubular pieces
‘‘that can be easily hanmdled by.a Single person. A screwdriver, pair of
/pl¥ers, and a mallet are provided. The sgurce's information folio
/consists of a set of drawings and assembly inétructions exactly as pro-

g -

vided, by the company from which  the. item had Been purchased.
) - : ' : - SRR :

.’ )

e “\Geographic orientation problem. In this pfqblem, the seeker's

.

tégk is .to find the office or residence address of a physician closest-
to a hypothetical home address in Washington, D.C. The home address

had been carefully chosén so as to provide an unambiguous,

unique

solition to the prablem. ' The seeker is supplied with an index of sﬁreets,

' a gridded.street map of Washington, and a card on which the home address.

. is typed. The’Home address is also marked on the map.  The. source is
suppdied with one page of physicians' listings from ‘the classified =~ .

- v

advertising_(yellow) pages of the Washington, D.C. telephone directory.

Ca
~ A
o
.

1=
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Conflictive Prob.léms

’

. L % *Our conflictive prgblems are structured to prov1de a setting for
: N argumentative discourse among communicators.' The topical matter for
. .discussion is chosen to-be relevant to the subject population, yet is
‘Sufflciently general in nature that none.of the participants.is likely
to have an Iinherent -advantage by virtue .of specialized experlence.
The problems-are also. designed to be. used, and. they hiave been used,
with groups of. more than two persens. Slnce there are no unique solutlons
to the problems, ‘the subjects are left to debate ‘the merits of ‘alter—. |
. native solutions “in: meeting -certain crrterla, and are required to arrive
i at a consensus -or.agreement. An example of each of two dlfferent kinds ..

%of conflictlve problem follows' o
. . . . N

»

. L qutzonaz Zssues problem The part1c1pants ar asked to rank .
- ‘order the ten most 1mportant 1ssues~fac1ng the United States today-. An '

! i : addltional requlrement As that the participants must Yank order the '
‘. .issues, not 'as they think abOut them privately, but.as they thlnk the

- ~average undergraduate student had ranked them’ in a prior survey. °“The
- purposes of the latter requirement are to prov1de (a) an additional .
~ basis for argnmentatlon, and (b) a basis for estimating the "goodness
N xof the’ solutlnns. - s 3 . - ‘ A

lb Y- - . . . .‘ ”, . . . . .... . L s

: Budget-negotzatzon probZem . We have several varlatlons of a- -
‘budget-negotiation problém. The follow1ng describes one that seems to
generate a considerable amount of interest among our undergraduate R
students: The subJects are told ‘that the University's Director of ('
Athletics must “reduce expenses in a number of different areas of expen- '
diture, for, example, uhiforms and equlpment, athletlc scholarshlps, and;. *
travel. The subJects are cast  in the role of captains- of various teams,¢
for example, football and lacrosse, and they have to agree on the areas ~
in-which budget tuts will be made. The payoffs for the different sub—
jects are.different so that a cut in expenditure for transportation “for
the football team is not’ equlvalent to that for- the lacrosse team. Each
subject knows his own: payoff structure but;not that of the other parti-
cipants. Each subjeet's goal is to minifitze the losses to his side, . o
that is, his team, and: each subject's: payment for participation in the
experiment As reducedxln proportion to the. losses he sustains ,
“from the mutually-agreed upon solutlon to . the problem O

. \
) 1

x : OTHER E:XPERIMENTAL CONDITIONS \ :

; '8

- 'Without- elaboratlng in éetall .our experlments have been done on
three alffereet populations: . - - . .. IR

° . - . . .

..-. . . i ' . . . - . - . 53’




g

o . g s o Lo . ‘ . : S g

a;/‘_ '. . s . . . ° . . N ' . L } .

?_High school boys, hlgh school girls, and college students at Johns

. Hopkins: -In some _cases, subjects have. been selected for. partlcular_/
__intellectual ablllties. S < _ .

- ”

_ Most . of our experlments'have been ‘done with two participants.

~ One, however, has' been done with as many as four subjects. 'All our

‘experiments have tested at least two different problems - In four
- experiments, subJects have been tested on as,many'as four successxve )
"’L - days. o . . . = - -4 .
. '. ‘ T RESUL’IS AR |

-~ ) - . /'. : . «

.

i

e Our results ‘have been so numerods that 1t is 1mpo§31ble to sum—
marlze them all here.  Rather I shall discuss- -Some 'of the more salient.-
findings, particularly : as they Seem to “bear on the problem of tele—

communlcation. _
N . . - . o SO . L‘_ R ) "
.. ~ . ) . e - - ot ’ ~.1 R . ) .
,Cbmmunzcatzon by Voiee s Fast S Y Lo .f:;_ R
One of the - strongest generallzatlons emerglng from -our research _

is that'

. S ’ ‘- A

1, PrObZemiéiii~sjffed szgnzﬁicantly fhster in communzcatton
hav

v~ moded & e a votce cha?yel than in those that do notﬁ\u’ '

- e e , o
‘ ThlS"findlng is a consistent bne that ‘has come'up in every ‘one - of’the
eriments in which this comparlsontwas tested (Chapanls et al., :
. 19#2; Chapamnis & Overbey, 1974; Krueger, "19765 Ochsman & Chapanis, 19743
e,weeks & Chapanls, 1976; and Weeks: et ,al.’, 1974). ‘Data from the flrst '
_experiment in which this. flndlng appeared ate shown in.Figure 7 (See
also Figures 9 .and 10).. Even more interesting are the data in. Flgure 8
'whigh compared 10 different communication modes., _Thére is only one
statistically significant efféct for the data in Flgure 8. The five
. modes on the left are s1gn1ficantly faster than the five on/the rlght.
' 'The ‘one thing that dlstlngulshes the two groups- is that the flve modes
*-Tongthe left all have -a v01ce channel.- Those on the right do not.

: The flndlng that people can talk faster than,they can write or |
.. typewrité, and_so can solve problems: faster when they can talk, is -
. .not in 1tse1f partlculariy Startling. - Howeven, these findings become =~ % .
‘more lnterestlng when they are elaborated in ‘the light of others below.

f &
o -

l‘uifqﬁe-to—F&ce Versus Voice Communchtzon'- o
= v A'second strong generalization is that:
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2. 'Both cooperative and confizctzve probZems are solved - -
- about equally Fast in Woice-only modes of communzcateon
. as in fbce-to-fbce communzcattdh. =

e . .
£

N ¢
.o

P

-

" This findlng came as a surprise to us inltially'but we have found it
in_no less than four Hifferent experlments ‘(Chapanis et al., 1972; 2

' Krueger, 1976; Ochsman & Chapanis, 1974; and .Webks & Chapanis, 1976)..
The . data in\Eigures 7 ‘and 8 show that the v01ce—on1y modes of commu-. .,
nication are 4 little slower than face-to-face communication in. those

.- two.-experiments. " In nelther case, however,. is the difference sta—
" dstically significant. "In one’ very large experiment, the data came
out the reverse, that is, voice only. was faster -than face-to-face
communication (Flgure 9). Once again, however;, - this partlcular dif-
ference is not statastlcally significant. Contrary to what ‘one might
expect,. being able to see the person(s)" with ‘whom one is communlcatlng

“does not appear “to be.of any substantial advantage in solving.fhe klnds '

of probplems we have tested. . ) N N RSN

~ . . s . N S

[

SkzZZed Vérsus~0n§?z22ed fypzsts ) SRR __,;_;;;_efh

Of particular interest to computer conferenclng and to man-computer "

1nteract10ns is that:

-

.f' " -3, Iypzng skzll does not qppear to be a szgnzficant fbctor in:

_the kznd qf communzcatzan wzth whzch we are concerned. -

Thls flndlng appeared in our . flrst experlment (Flgure 7) in Wthh we. -

tested a group of hlgh—school boys who had completed a one—year .course

_; in typing and another group without™any formal typing education. As -

~is apparent from Figure 7 the-difference between the performahce‘of
the two groups was trivial. This finding was so ‘unexpected that we
tested it. in another more elaborate’ experiment with a- completely dif-
ferent set of subjects (Weeks et al., 1974). The essential findings
of that experlmentdare shown. in Flgure 10‘ " The skilled typists solved -
problems about nine minutes-faster than did the unskilled typists in
the-typewrltlng mode. However, the skilled typlsts were vety, nearly

that much fdster than their unskilled counterparts in the communication- -

rich (face~to-face) mode as well. . So, although the skilled typists seem
to have been able to solve these problems ' somewhat faster, there is no

- evidence whatsoever in these’data that typing skill. per se gave the

' skllled typists any dlfferenﬁgal advantage e

. - The apparently counter1ntu1t1ve flndlng that‘typlng skill does
not 51gn1f1cantly aid interactive “communication” via typewriters can be’

explalned by three addltlonal con31derat10ns. “(a) Activity eampllqg
. ~ « ; . . \ .

- L8
. e

(8

W

-_.t
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FACE-TO-FACE "TELEVOICE TELETYPE
. __COMMUNJCAT!ON .M’ODE‘

F‘Zgure_.’?. Mean mmes to arrive at consensus agreen’cnts in three
commmication modes. Each bar is an average for  three groups, ‘each
- of which worked at a different task on each of three successive days.-
i .-Each set of three groups was made up of a 2-person, a 3-person, -and
Qo a 4-—person group.. ( From Krueger, 1976‘) ' :
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Data for this generalization appear in Flgures 12 and 13. " The diaferences'

' Verbal Outphct R .

e; oo by voice onZy

N
data on how subJects actually,spent their *ime (Figures 10 and 11)
show ‘that only about one-third of the total problemrsolving time
is spent in sending, that is, in typing. This means that any po- .
tential advantage' a subJect might have due to typing skill would be
operating only one-third of the time. (b) Typing skill is gpf@ally

" measured by the speed and accuracy with which typists copy. prepared
text. These communication situations, by contrast, re uire-a great —-'_'-

‘deal-of planning and decision-making as subjects decid what ‘to say

-and thex compose their messages at the typewriter. Typing “skill dOes
not haye very much to do with that kind; of planning. and decision-making.
. (¢) Normal human compunication is natura11y full of all %kinds of errors
and human’ communicatgrs are quite adept at reading through-those errors.
"Accurately typed material is not wery important ‘for normal interactive
communication. _ . : .

- .
< \

1 .
Another strong finding from a number of our experiments is that:

igi;des of commmication that have a voice chamnel are much

- wordier than those that do not have a UOtce channeZ o
This generallzation holds no. matter how one measureséyérdiness, or verbal
output. Figure 12 shows the number of words communifated in the four
modes tested ¢gn our first experiment. These data match those in the
same experiment for which Figure .7 gives times to solution. Considering
that problems are solved about twice as fast in: the voice modes as in ‘
the hard-copy (handwriting and typewritlng) modes, the data in Figure 12
become all-the more impressive (See also Figure '14). Figure 13 shows
communication-rates from the same experiment. . These were computed by
dividing the number of words used by each subJect by the actual_amount
of time he spent communicating. : L ; v

fhce-to—Fbce Cbmmunzcatzon Versus Cbmmunzcatzon by Vbzce OnZy
‘A small but consistent f1nd1ng that has turned up repeatedly
in our work is that: - C e .

..

_75.’ Fbce-to—f&ce communzeatzon ig wordzer tkan communzcatzon

- - . r.

between the communlcatlon-rfch (face-to—-face) and voice only datd i
these two figures are not statist1cally significant and one might be
inclined therefore, to attribute them to chance-gariatlons. _However,
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_.Figujre', 12.- Méanfnwn-ljaer*_‘of words used in_the solution of problems in - ‘.

each of four communiecation modes. ; , Fig! .
are from the.same expejrimént.— - (From Chapanis et al.,.1972) = "
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These data and those in Figure 7. - .
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. the finding has turned up 1n*all four experiments in which. there has -

been a comparisom of the verbal output’ in face-to-face and voice only o
. modes. . Figure 14, for example, -shows another and much greater. difference g

. than we found in our earlier work. Being able to gesture and use body -
movements to convey information actually seems to increase the’ number

of words communicators uSe. ] 2

'd

Vbrbaz Output Indbpendént of‘Mbdé of'Cbmmunzcatzon & -

An 1nterest1ng finding that has turned up in g%r experlments bears
- on the stablllty of the verbal: output id the several modesr It is:

- n6, The number of w rds used by a communzcator 8 a functzon
AR ~of the cammunz#étzon channel and that rumber is not in-
‘ quenced by the ‘charmel. available to. his partner. R ;

‘Data Supportlng thlS statement are shown in Flgure 15. The left-most
pair of .bars gives data for a siltuation in which. both’ the seeker and

. source had a voice chanpnel. The second pair-of bars is for a condition’
in which the seeker had~agoice channel, but the source. could communi-"
‘cate ,only by typewriter. - The th1rd pair of bars-is for the reverse

' situdtion: the seeker could communicate only by typewriter, while the

TN

v

source had a voice. channel. The right-most pair of" bars is for the cone ' éiig} e
_ .

-'ditlon 1n Whlch both . persons conid/communlcate ‘only by . type iter. -

.
=7

- ' When both communlcators had a voice channel (left-most pair
of bars),- the source used more words than did theUSeeker'(See the ¢ .
- filled bar). When the source had a voice channel and *".o seeker a :

" typewriter channel (third pair-of bars), the average number of words -

used by the source was almost 1dent1ca1 to- the number- used by sources 3
in’ the voice-voice: condltion. Slmllarly, the numbers of’ words used by .
. seekers 'was almost 1dent1cal when, they communicated by voice, irrespec~ __
tive of whether the source had a voice channel or a typewriter channel
(compare the open 'bars in the’ first and second pairs).. -Similar findings-
”apaég to the data for the typewriter channels.. To sum up, the number

of ™% ords used by a communicator is a function of the channel available

to. hdm and 1s not 1nfluenced by ‘the channel avallable to his partmer.

Interrupt C&pabzlzty o &wrl’ AL
, In one experiment we. tested the - effects “of glVlng communlcators
. the freedom to intérrupt their partners... The findings ‘of that"study
,vsupport the conclus;on that" o o Lo I

rl
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N T'Lme Spent n Vam.ous Acthtzes

N E-szzng communzcators the freedbm to znterrupt has no . .
. effeet on probZem salution time or on the number of, R
‘words used. . Words .dre,- however, packaged” dszérently.,
- When communzcators have the f%'fdbm to -interrupt, they -
.. . use more messages and messages ‘are shorter. When com-
' - mumiéators do not have the freedom to znterrupt they
. use fewer messagess and messages are longer. . .

‘Data supporting these conc1u31ons are givén in Figures 16 and 17 In
" the free interchange condltion,! afcommunicator could interrupt his ’
‘partner at any time and’ take control of a voice channel, or-a type-
writer channel. In- the restricéted interchange condition, a communi-
‘cator had to wait until his partner had finished talking, or typing, -
‘and had released the channel to him. The data in the two figures are
‘almost mirror images of one another. When the two sets of data are

‘multiplied together, “they yield essentially equal numbers of words.
e , N . A ‘ .
-Cbntral over Cbmmunzcatzon Channels o ‘_ . ;_‘_“ -

¢ In one experiment we- gave subJects two. buttons’. When a subJect
,pressed one hutton, he relinquished control of the communication system -
" to .his partner. . When a- subject pushed the other button, he took con-
. -trol ‘away-from his partner, even if the" partner 'was in the process of
7communicating. _The findings of this experxment suggest that._

‘8,,'~Cbmmﬁhzcators are: much -more szely to take contrdZ of'a pr
-,__communzcatzon system (that. zs, to-interrupt) if the -
. system has 'a voiee. charineli;: - Subjectg woluntarily re— o

PR

I of con'munwatm -z )

Data supportlng this finding appear in® Figure 18.3 Note that 1n every

one of the five pairs of bars on the left, subjects- took ‘control of~ the]ﬁ“-*'

,communlcation system much' more aften than they relinquished control.:
All ‘five of those communicatlon systems have a-voice channel. By~ con~ .
- trast, the five pairs: of bars on ‘the rlght are’ about equally h1gh.,~ A

Those  five .pairs of, bars are for communicatlon modes that do not have T

a volce channel. éj '

- e

S " In seven of our experxments (Chapanls et- al., 1972 Chapanis &
Overbey, 1974; Kelly, 1976; Ochsman & Chapanis, 1974; Parrish, 1974;
~ Weeks & Chapanls, 1976 Weeks et al., 1974) we used act1v1ty sampling

s . 7 N . ) B .
. L -

o

- Uinguish control of a-system about asyofieh as ‘they’ 7“““~‘f".g”?:‘=-i”3
‘take control if the system. ‘has onZy hard—copy channels e .
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i

'solving sessions. The findings of those experiments ledd us to con- .

procedures to record what. subjects were actually doing in the problem

¢lude that:

9. In tasks requiring the exchange of factual information

to solve problems, only about half a commmicator's time -~
18 spent in actual commmication, that 18, .in sending

or recetving information. The rest 'of the time is-spent

in doing othér things, for example, making notes, handling .

- parts, or searching for information. When the tasks :
tnvolves the eéxchange: of opinions and argumentation, as

much as 75 percent of a person’s time may be spent com-
‘muricating.  However; at least 25 percent of a communicator's

- time is still spemt-in otRer activities, for example, making -

.- notes and searching. for information. - - T T '

In‘odf firsttexpérimeni,.we recorded behavior ir -each of 15,diffefent ,
‘categoriles. ' The data are shown inFigures®9 and 20. ‘Perhaps the most. -

~ impressive thing about both figures is that in four of the five bars . -
~ the behavior consuming the. largest single amount (or percentage) of time

was-.something other than sending (that is, communicating). Only in the

ﬂ;céséABf”}he_inexpe:iencéd typists did sending take up the.greatest
.amount’ ., or percentage,' of time.-

A _ 'In'thisfexPerimen;,'one”broblgg e
solving task required subjects to assemble’ a’ trash can -toter,. the other’

- to find a particular address om 2 street,map'Of-Washing;bn,'D;C;-from _
‘telephone 'directory information. These are tasks requiring the use

“of pieces of equipment, or{pieces of paper. = E : N

; Our édnflictive;progiems; for example, the.national issue-ranking -
Problem, are quite different.in that there is no supplementary material
required to arrive at agreement " Pieces of paper are typically used,
however, to jot down notes. Mafinly the communicators are required to

" voicé their opinions ‘and 'to argue the merits of their respective positions.

" Under these cirqumstaﬁcés, the proportion of -time spent communicating -

Level of Sophistication qf‘the~g§Tmuﬁicatorsf

increases and it has -gone as high as 75 percent. Even so, 25 percent
"OT -moTre of}wntypicalvcqmmunicatqr's'time is spent in-other activities,
- for example, king notes, searching for information,- or waiting. - Data

. to support thege findings are not giwven here, but may be found in Weeks

. and Chapanis (1976). - . - .

-

'One of our ekperiﬁents.systematically:varied the_level of sophis—

tication of ghé_;ommunicators’(Pafrish; 1974). The findings show that:

10. The greater the level of sophistication of the commmicators,
the more quickly they are able to solve probkems. - o :
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, . rather than as the seeker.

w

.

S

SR VY - Comminicators in telétype modes of comarication are much.

. Impersonality of the Cbmmunicaﬁiqn.Mbdés R

here were made up of various combinations ol h gh school and college
students who served as seekers (SK) and ‘sources S0). College teams

!

arrived at solutions fastest; high school teams slowest. When teams

- were mixed, it'was better. to have a college student as the source

Data supporting this generalizationappear.in\zijure 21, The teams -

e

‘These findings can be explained by the greater facility college
students have in using Ignguage. In our'problems,-the"source was given
the bulk of the library~like, or stored information. It was he who

“gave directions o instructions to the seeker about how to complete
the problem at hand. This ‘accounts for the faster performance of the:
mixed teams in which a college studgnt served as source. |

p Eveﬁ'morg interesting,_perhaps, is‘the~finding that:
. 11 In these commmication taéks,‘cbllege students and high
- School students do about the same kinds/ ¥f things, and
in the same proportions. However, college students do
everything faster. C

Data In support of this conclusion are given in Figure 22. Tﬁe four
bars in Figure 22 are so nearly alike that they .seem to bé traced from
the same pattern! T 3 :

A

" It has been claimgd that teletype or computet‘confe:encihg is
more egalitarian and impersonal thamface-to-face communication. We
have some evidence for that claim from one of our expe:iments.[AThev“‘ .

“findings of that expé?iment‘suggeStfthat: - -

. . . * . A . *

FAR S ore: Likely to share equally in. the exchange of information

.o

S Data for that generalization are given.in‘Figuré 2

L

.- thap are commmicators in face-to~face or voice only modes

- of commmication, - - R .

| o »
3. The mean relative
variability (MRV) is based ‘on a statistical measure called the co-

.~ efficient of variation, MRY =_CV = 100 O . In'essenée,*qhis measure

. , . 5 SO .
is an expression of the amount of variability (o) among the various

+ communicators in the numbers of messageSfcheY{exchanged,,whed that -

'variability has been compensated for the average number of messages
(). Larger numbers indicate greater disparity-fn the numbers of .

A messagesfproducéd,by the several communicators. Smaller numbers in- °
dicate that the several communicators shared more nearly equally'in.

. the production of messages.
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FACE TO FACE TELEVOICE TELETYPE

COMMUNICATION MODE

\1'33, o
e

L. Fzgure 28." - Mean reZat'zfve varuzbzzw'z,es cmong tha mmbers of messages  °, . S
produced by commmicators. in three mode§ Each bar:is the average ... - . . -
"Data are .averaged: for three sizes of conference 4
. group,, each of whwh armved at so Zumons to. three dszerent probZems

'.'-.on each of three successwe days

of §¢ data’points.
(Fz'om Krueger, 1.976‘) o
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, The figure shows that communicators in the teletype mode produced L BT
~ . - much more nedrly equal numbers of messages:than did communicators in~ . = - ENTE
T “f“'either of the voice modes.. Conversely, in the voice modes, some com= = -
T municators tended to: produce a d1sproportionately large number of messages,.

‘while' others. tended- to. be less commnicative than would be expected. o

These data, 1ncidenta11y, are averages for 2-person, B-person, and. .S

4—person conferences.- Since there- was ‘no: significant interaction ‘between .

size of group.and communication mode, the data in Flgure 23 hold for

all three slzes of—group. o _ S .

LGguzsttc Cutegorzes zn the SeveraZ Mbdés of Cbmmunzcatzon '_

The strlking dlfferences 1n verbal output among the several modes:
: : oﬁ;communi:igign (Refer o Figures 12,.13, 14, and 15, for example) have
e 0.0 led-us to examine more closely the-kind. of language "and words .that are =~ .
L used in-the various modes of: communicatlon. Here I. shaLlonly nge two .
?generalizations that seem to emerge from our stud1es., e ey r.;;;f;aj“”'

£=Z:fhave not been abZe ta find any outstandzng différences N
, the’ various kinds . of‘words people use znrtha.several o BRI
; modés qf communzcotzon., o g, : g -

.-\-.\'_»' R . . o s
Figure 24 shows the ayerage numbers of*words 1n each of six lingulstic e
categories “based on a\mbdificatlon of the Fries (1952) class%flcation ' _
“-system. These data and those in Figure 12 are. from- the same “experiment. - c e
. .About the' only thing ome can’ conclude from Figure 24 is that the dif=". . i
ferences among the several ‘modes revealed by total word ‘counts appear ” C e
“to hold for wérds ‘in every llnguistlc category.v Indeéd, when the data . .

S .of Figure 24 are converted to percentdges ; (Figure 25), the.prevailing - ‘
- impression one gets.is-that there are no striking differences -among the
' - various kinds of words in. the several modes ‘of communlcatlon. That
impression is confirmed by approprlate statistlcal tests of the data.- -

The foregoing notw1thstand1ng, additional stud1es lead us to ..
conclude that. SR o ‘_ -

*‘14;. @raZ cammunzcatzan zs htthy redundantqznd most commu~. " ;‘fo{L?'“
' .nicatior can be- carrzed on efféctzvely with a SmaZZ 0T : '

' acarefuZZy seZected set Qf words. o :,/_
Because of the nature of natural language communications, redundancy f';' “" L; _7
" cannot- be’ measured in the ordinary mechanical ways that have been -, 'g:; SR

". developed from. Shannon's theory "of information. - However, :Using some
. -Plausible assumptions, we-have been able to estimate that oral modes o
o - of communicatlon use about 12: to 14 times as many words as are ne- SR
T];:;w' cessary and about 4 times as many’ dszérent words as are’ necessary. o

Tl : . . .-‘ K o,

T
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of ‘that study is that

N

' . an_.d'; '_words '(betv:we.enfiszs_' and .'-925)" _ L s

. _~ec . These. findings do not mean(literally.that each person added to
. a’ conference group,ptodﬁdéd'thg;gyerage numberé.offwbrds;=or'of:messages;l
given above. Thefincreasg;in?groﬁp“verbal'pvbductivity'as conference ™ -
groups increase in. size-may not be directly attributable to the addition’
- of other speakers as to the;additfon*of other listeners. The groupi.'  -
“verbal output is.not shared equally by all persons in a group because:
.~ .the relafive disparity among ' conferees .increases as the size of:-the
~_-conference group increases. This-suggests ‘that ‘as conference groups;.
" increase in size, some people become mo:é'§ilent,’and~oth;éggpecome,pp:ei:

- werbal. < s
x'eé-ébér'Time- -
. Three experiments (Chapanis & Overbey , 1974; Kellf, 1976; and -

-/ Krueger, 1976) havéfﬁested;¢onferenca groups- for, as many: as four' suc-
'5"ceSsiveldays.5}Al§hogghf$dme statistically‘significant:effectS’ﬁaVe,

- *'and about as effectively as.they can %ith no vocabulary restrietions. -

Let me agsert at.once,. however, that this is a specially selected .

TsubSet;bfg§Oijb;ds. "Not any set of 300 will do.

- The Ejfbéi'qf’Cbnférenéé Size

.. One ef our experiments (Kruegef,"1976)‘systeméticaliy studied |

--;&o, three, and four persons in three different communication modes: .
- face-to-face, televoice, and teletype.  Onme of the interesting findings

.15."Vérbal.productivity; as measured by the number of messages
| -the same manner as the. rumber of conferees inecreased. More-
: ‘over, the increase in verbal productivity was directly
R relatgd,tq'thé_number bf'conférées- s S o

'Somg'qf-the'data?suppo:;ing that conciuSion.appearéﬁm.FigufésZé'aﬁd.Z?.
. Figure® 26 shows ;-1“'the,alﬁost;liQéaf_increaSe_in;ﬁumber‘of”woids pro- .-
- -duced by the -group .as.the number .of conferees increased from'2:'to 4." - :
- . These data,. incident#lly, . are averaged for ;all three modes of ¢ommuni- - =
f'ELcatidn.‘4Hqﬁevér,:ﬁheni;hg’data are expressed in words produced per - .. -
,,‘persoﬁ.(Figuré'27);-thefdiffereqces}ambngﬂthefvéribus:Sigés'of3grodp_disrv R
;appear. ':Each addition of another conferee to the group resulted in a ...
relatively. constant increase in the number of messages (between 70 and .90). .

b4

*
[

vand of words, increased regularly and in almost identically

.‘ - : - Lo ’:’41
. Ome heércéniﬁg_tbing“for'purposes'of mén4computer communigation,is'- =
-~ that people can ‘carry out our communication tasks by using no' more '
.. than 300 words.(Ke;ly,_1976);andgcan do the tasks just about as fast z

~-
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Figure 26. Mg 7
) Tl and four-pers st These are data averaged for conferences held - .
o m ;thz_{e_e commmication modes:  face-to-face, televoice, and tele-

. . . type. ' (From Krueger, 1976) - T e T T :

mumbers of words produced By groups of two, three, .
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. “Fzgure 27, The data. in Fzgure 26 have here been expressed as’ 'I:he

" average numbers of words produced per person in conference gr'oups~~ :

- of two_, th.ree and four persons.

( From Krueger_. 1976).
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:_ turned up in these experiments, -the .lost impressive thing about the

findings of_these experiments is how’ few ‘demonstrable -changes’ in'per--
- formance have occurred from day to day. It is not entirely clear . .
why this is the case. One of the few, almost universal generalizations

' to come out of. psychologicaliresearch is” than-perfbrmance changes over
~time s _People learn and become more proficient in almost anything. they
- doi - WHy then are day—to-day changes so few in these experiments’

"One reason may be that four days are too few to show changes
‘that' are there.to be found. As a-practical matter, however, it is
‘difficult to design experimepts of the kind that we have been doing for
periodﬁﬁlonger than fOur days.. .Once one of our problems has been solved
by a conference group;' it cannot: ‘be’ used again. We can test on suc~. .

. cessive days only by assigning a new. task’ each day.. To countérbalance
for differences among’problems, the experimental designs we have used
“have generally been complex Greco-Latin designs:.. Although it. is -
technically possible to design" large experiments using Greco-Latin

_ squares -their. administration becomes more and more complex as their
size increases._ : : : . :

other possible: explanation for the small number of- demonstrable

' effects we have found' from day to day may'be that we are testing highly

. overlearned kinds Of performance. Communication in face-to-face meetings, .=

',=§ or by talking, and perhaps even by.typing, may be sufh umiversal skills

that there may be virtually mothing new to learn. If this is the .case,

"‘the finding would have great- 31gnificance for the introduction of many

telecommunication systems -
. .. e

Still another possible explanation for the lack of demonstrable S

- effects in day to day perfermance may be precisely because the problems'ﬂ

we have. given our subjects have varied from day to day (for the’ reason.
given above). and that. has meant, in essence, that each new problem on
each successive. day has meant a new learning ‘situation. - 'However," the.
experiment by Krueger: deIiberately ‘used three problems that were as’
nearly alike as possible-so that any disturbing effects attributable

to the" novelty of the problem should ‘thereby be minimlzed. Even ‘in this S

- case,.very few significant effects turned up‘on successive days of

°. testing.,,

Clearly, more work needs to be done to clarify why we. get s9 - ,- <ﬂl

few changes Jver time, and whether our findings are ‘as ) valid as they N

'appear tO be. ,‘- s Ve e _':- [ oL v_.:.;,f"..w ' i

Sbme CbncZuding Poznts

'£E-°' - In conclusion, two' additional p01nts are worth mentioningxabout the

several experiments discussed in. thlS report._ , : T,

BRI



-Chapanis,

~ Chapanis;

Statzstzcal and‘practical szgnbf Leance of the findings. Although
statistical matters have not been explicitly discussed in this report,
- it goes without saying that all of the effects summarized here are

- as well

" significant by appropriate statistical tests. More than that, however,
- most, of the effects are sufficiently large to .be of. practical importance

I mean ‘by that .that many of ‘the differences we have found
~are sufficiently large 1n absolute magnitude .to make them. important for
practical purposes. i . .

Interrelattonsths among variables.l Most of ‘the effects discussed
_.in this. paper have.been for so-called main effects, that is, single '
independent variables with data averaged over 2 number of other variables.
However,.all of the experimental des1gns used in my Tesearch program

- complex: -

randomized groups designs’ involving two. or more crossed variables,.

hierarchical designs, Latin-square designs, and replicated Greco—Latin
.'square designs The. experimental designs we have ‘used all yield data

on interactions, or 1nterrelationships among variables.. With’ only thréee
exceptions: (Figures 10, 15 and 18), ‘I have chosen_to ignore interactions

- in this report, not- because none have turnéd up,. but rather because so
few importaint interactions have-turned. up - involving communication modes.
By and large, the effects attributable to communication modes are extremely

- ré’Bust, that is, thedifferences we have found among the various communi- -

cation modes appear to hold up for most problems we have.tested, for
people of. diverse abllities, and for successive days. of test. That may

.very well be one. of. the most signiflcant findings of this program.
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