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INTERACTIVE HUMAN COMMUNICATION 1

Studies of how people communicate in solving problems assist

progress toward the development of a conversational computer,

with which the user could communicate as if 1t were a person

odern computers touch the life
M of every citizen in varied and

often unexpected ways. Not
only do computers prepare our utility
bills, credit-card bills and bank state-
ments but also they control our traffic,
assist us in making travel and theater
reservations, keep tabs on the weather
for us and help to diagnose our bodily
ills. For all that, most of us still have lit-
tle direct contact with computers, Most
computers still require an intermediary
between the ultimate user and the com-
puter, someone who is familiar with the
way the computer works and with the
special language that is needed to ad-
dress it.

A goal toward which many people
have been working is the design and
construction of conversational comput-
ers: computers that can interact with
people in such familiar and humanlike
ways that they require little or no spe-
cial instruction., If such conversational
computers are ever to come into exis-
tence, however, their designers and pro-
grammers will need to know more about
how people interact in communicating
with each other. With this rationale in
mind my colleagues and I at Johns Hop-
kins University have been working to de-
scribe human communication in precise
terms and to define its rules.

We have been concermed with three
main questions. How do people natural-
ly communicate with each other when
they exchange factual information in the
solution of problems? How is interactive
human communication affected by the
devices through which people converse?

What other significant variables aflect

interactive communication?

Let me digress briefly to distinguish
between unidirectional and interactive
communication. For years psychologists
have been concerned with the effective-
ness of unidirectional modes of commu-
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nication such as highway signs, books,
lectures and television programs. In uni-
directional communication the person to
whom the message is addressed is a pas-
sive recipient of information. Nothing
that he says or does affects the commu-
nicator, the communication process or
the content of the message.

Interactive communication involves at
least two participants. The content of
any particular message is determined in
part by the content of the prior messages
from all participants and so cannot be
predicted from the content of the mes-
sage from any one of them. Conferences,
arguments, seminars and telephone con-
versations are examples of interactive
communication. This is the kind of com-
munication that has been the focus of
our investigation.

Our experiments are designed to
model interactions between man and
computer rather than to simulate any ex-
isting or planned interactive computer
systems. We set up two-person teams
and ask them to solve credible problems
for which computer assistance has been
or could be useful. The exchanges that
result represent a limited class of conver-
sations, to be sure, but it is an important
class, and we have to start somewhere.

One of our primary interests is the

channels and the modes through
which people converse. Although the
channels of communication that link
man and computer are being broadened,
most interactions of this kind involve a
typewriter or a similar device. Our ex-
periments examine four different chan-
nels: voice, handwriting, typewriting
and video, the last being the picture
part of television without the voice.
Three of these four basic channels have
been tested singly, and all of them have
been tested in various communicative
combinations that we call modes. We
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have tested as many as 10 different
modes in a single experiment. As a stan-
dard of comparison we typically rely on
normal, unrestricted, face-to-face com-
munication, which we call a communi-
cation-rich mode.

When we have set up a team, we des-
ignate one member as the source (of in-
formation) and the other as the seeker.
One can think of the source as an ideal
computer, that is, a computer communi-
cating in such a human way that a per-
son who did not know he was dealing
with a computer might readily believe
he was communicating with another per-
son. The seeker can be regarded as the
user of the computer. To continue the
analogy, our different channels and
modes of communication model various
input and output channels between the
computer and its human user.

The setting for a typical experiment
consists of two adjcining rooms connect-
ed by a soundproof double duor {see il-
lustration on opposite page]. The wall
between the rooms also has in it a large
double-glass panel, which can be cov-
ered with an opaque screen so that the
source and the seeker cannot see each
other. When the panel is not covered,
the participants can see each other and
can converse freely through a micro-
phone and loudspeaker, but they are still
separated physically. Some of our ex-
periments also have test conditions in

LABORATORY SETTING for a typical ex-
periment is depicted on the opposite page.
The seeker has been given a trash-can car-
rier to assemble but has not been told its
name or function. The source has the infor-
mation for assembly. The experiment is de-
signed to elicit communication in the hope
of assisting in the design of a computer that
would be analogous to the source in com-
municating much as a person communicates.
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ORIENTATION PROBLEM imposes on the seeker the task of finding the address of the
physician closest to seeker’s hypothetical home. Seeker is given a street map of Washing-
ton, D.C., with the address marked as shown by black dot. He also receives a street index
(middle) keyed to the map. The source receives one page from the listing of physicians in
the yellow pages of the Washington telephone directory (bottom). Subjects occupy
separate rooms and must solve the problem by one or more modes of communication.

which the two people can neither see
each other nor communicate by voice;
instead they use writing machines linked
in such a way that anything typed or
written in longhand on one machine is
reproduced on the other.

Our problem-solving tasks differ sig-
nificantly from the kind usually found
in the problem-solving literature of psy-
chology because they were designed to
meet certain special criteria. They sam-
ple such psychological functions as ver-
bal skill and psychomotor skill. They are
representative of tasks for which inter-
active computer systems are or could
sometimes be employed. Instead of be-
ing abstract or artificial puzzles of the

38

kind often devised to measure hypo-
thetical psychological processes, they
are of recognizable and practical im-
portance in everyday life. They have
definite, recognizable solutions, which
can usually be reached within approxi-
mately an hour. Finally, their solution
requires no special skills or specialized
knowledge.

The tasks are formulated in such a
way that solving them requires the seek-
er and the source to work together as a
team. The seeker is given a problem for
which he has to find the solution. His in-
formation folio consists of certain parts
of the problem. The source has a folio
with the remainder of the information

needed to solve the problem. Neither
person can solve the problem by himself,
but together they have all the informa-
tion needed for doing so. Remember,
however, that our problems are designed
to elicit communication between the two
members of a team. They do not neces-
sarily represent the way tasks would be
assigned to man and computer in any
real system. ]

All together we have constructed 10
problems that meet our needs. The fol-:
lowing brief descriptions of three of
them will convey their flavor.

In the “equipment-assembly prob-|
lem” the task of the seeker is to assemble’
a common household article: a trash-can
carrier. His information folio consists of
all the disassembled parts of that article’
exactly as it comes from the mail-order;
house from which it was bought. He is
not told either the name or the function¥
of the device. The source’s folio consists}
of the set of diagrams and instructions
for assembly that came with the parts.

In the “information-retrieval prob-]
lem” the seeker has to find the citation®
of every newspaper article relevant to/
an assigned topic that appeared in The
New York Times during a given year.}
Usually he is told not to count editorials,}
reports of public speeches or letters to!
the editor. The source’s information folio}
consists of The New York Times Index
for the same year.

In the “geographic-orientation prob-
lem” the seeker’s task is to find the offices
or residence address of the physician &
closest to a hypothetical home address. §
He is supplied with an index of streets, a
gridded street map of Washington, D.C., §
and a card on which the home address is
typed. His hypothetical home address |
is also marked on the map. The source |
is supplied with one page of the list:
of physicians in the yellow pages of the
Washington telephone directory.

Our subjects have varied from experi-
ment to experiment. We have relied
heavily on that mainstay of psychologi-
cal experiments, the college student. In
one experiment, however, we enlisted
high school boys, in another girls from
a parochial high school and in a third
a mixture of college and high school
students.

'\V)’ e began with a series of tests in-

volving four types of communica-
tion with less sophisticated equipment
and procedures than have characterized
our later experiments, In the communi-
cation-rich mode the subjects sat side by
side at a table with no barrier between
them. In the voice mode they were
in separate rooms and communicated
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through a cloth panel that could be

@ heard through but not seen through. In
4 the handwriting mode they wrote mes-
 sagesina notebook they passed through
4 a slot in the wall between the two rooms.
7 In the typewriter mode we had both ex-

The results show large differences
among the several modes of communica-
tion [see dllustration on next page]. The
inexperienced typists, for example, took
almost two and a half times as long to
solve problems as subjects in the commu-
nication-rich mode did. Differences of

the same order have turned up repeated-
ly in other experiments.

An unexpected finding was the no-
tably small difference in performance
between the experienced and the inex-
perienced typists. This finding seemed
so implausible that we later checked it

| perienced and inexperienced typists.

goaheaddoyouknowhowto put this togher

iIl tryits a trash toter 111 type you the directions ok

EG? Taxle thru 38th holes from outside

38th holes/ ??yes

put 1 handlebar on back of each outer frame 1line up bolt holes
what does outer frame look like ? its 1like a (W)

put bottom frame to outer frames on front + rear of outer frames

ok use 1412 Dbolts
are your parts 1labled by lettrs 7?7
nookthe thing 1looks 1like a cart with room for 2 trash cans the part

that looks like this(XX)goes on the bottom +the 2(W)parts go on the sids

put male ends ? into female ends

what does that mean? 1 dont no

it looks 1like 3(u)s

what? 2(u)s go into each other +then theyare put on other u +put
on W put top frame to front of outer fr.+to handlbar 2 1/4
bolts put center support fr. inside topfr. use 2 1/4 bo. thru
center of top fr. put 2 1/12° bolts thrub center of side fr,,
bottomfr. 2 bottom of center support fr.

with hammer
ok?????

3 spoks on outside put on hubcap

okput on wheels
DO ALL THESE STEPS FOR BOTH SIDES

put oh handgrips

messages as “38th holes™ in the third line, where the source intend-
ed to say 3/8th-inch holes, the two members of the team solved the
problem in less than an hour. Both were inexperienced at typing.

o£1 TYPED EXCHANGE between a seeker and a source engaged in
i solving the equipment.assembly problem is reproduced in part,
with messages by the seeker underlined. In spite of such confusing

isH|

ﬂ SO: Okay. And but it's, all it is, is a frame,

: SK: All it is, is a frame. And what's supposed to fit inside the frame?
’ Do you fit, do you put, you know, a pan like in a wheel barrel or/

80: No, there's no pan.
peri- {SO: Okay, now.
elied SK: Or is it [Message continues below.]
logi-; SK: 1like a wagon or what?
it. Int SO: Now let, now let me read this for a second..It's like a wheel bar-
listed, rel like I said, there's a handle, there's two wheels,.and all it
ﬁ?ﬂ is is like it's a frame wheel barrel like. But there is no, y'know,
%“% water will go through it in other words.
shoo SK: Do wheels go in the front?
SO: I'm gonna, I'm gonna [Message continues below.]
ts in- S0: read this,
mica- SK: Or do the [Message continues below.]
'ment SK: wheels go in the back?
rized SO: I'm gonna read the direction now. I'm gonna, give you, the, you
guﬁ’ know..Let me read it..oh, trash toter. Oh, is that what it is?
e
.veez
were VOICE EXCHANGES between a seeker and a source working on script in which SO is the source and SK the seeker. A bracket link-
ated the equipment-assembly problem are reproduced in a partial tran- ing SO and SK indicates that both were talking simultaneously.
39




COMMUNICATION-
RICH

VOICE

HANDWRITING

TYPEWRITING
(EXPERIENCED
TYPISTS)

TYPEWRITING
(INEXPERIENCED
TYPISTS)

MEAN TIME (MINUTES)

SOLVING TIME of problems is averaged for several modes of communication. In the
communication-rich mode, for example, where the two members of a team were in the
same room and could communicate freely, the average time for a solution was 29 minutes.

in another experiment with different
subjects and more elaborate procedures
to help us figure out what was going on.
We now think the explanation has at
least two different components.

First, by means of detailed measure-
ments of what the subjects were actual-
ly doing when they solved problems we
found that the average subject spends
somewhat less than a third of his time in
communication. In interactive problem
solving subjects do a great many other
things, such as make notes, think about
what to say, handle objects and search
for information in their respective folios.
As a result the advantages one might ex-

t to come from superior typing skill
are diluted by the relatively small frac-
tion of time in which the skill can be
exercised.

Second, the kind of typing called for
in interactive communication is unusual.
Typing skill is normally measured by
having subjects copy text material, In
communication by typewriter, however,
the communicator has to decide what to
say, compose his thoughts into a message
(often fragmented and incomplete) and
then type out the message. The transmis-
sions are characterized by hesitations,
mistakes, changes of thought and irregu-
lar tempos that may at various times be
indirect expressions of doubt, amuse-
ment or anger. In short, typing skill is
usually measured as a strictly mechani-
cal or psychomotor activity, whereas
communication by teletypewriter is a
much more intellectual process. It is
small wonder that the two techniques
seem to have so little in common.

From the voluminous literature on
kinesics, gestures and “body language”
I had been led to predict a large differ-
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ence between face-to-face communica-
tion and communication by voice alone.
The voice channel by itself seems im-
poverished in comparison with the va-
riety and richness of the information-
bearing clues available in face-to-face
communication. The data did not con-
form at all to my expectations. The av-
erage amount of time taken to solve
problems by voice alone was only slight-
ly more than it was in face-to-face com-
munication.

If this were an isolated result, one
might well question its validity. It has
appeared, however, in other experiments
that we have done with different sub-
jects and different problems. One of
these experiments, carried out by a for-
mer student of mine, Robert B. Ochs-
man, tested 10 different modes of com-
munication. Arranging them according
to richness, one finds that here too
the mean problem-solving time is only
slightly longer in the voice mode than in
the communication-rich mode [see illus-
tration on opposite page].

Although solution times tend to in-
crease as the channels of communica-
tion become more irnpoverished, the
most striking feature of our data on the
10 modes is that they tend to fall into
two fairly distinct groups. The faster five
all have a voice link, whereas the slower
ones do not. Statistical tests confirm that
this one comparison is the only statis-
tically significant one among the 10 com-
munication modes.

However interesting the data on prob-
lem-solving time are by themselves, they
become even more interesting when
they are related to the linguistic output
of the communicators. The problems of
measuring and quantifying that output

have in turn been almost as INteIesti

as the results, Most psycholinguistic res

search has been done on what I call ima |
maculate prose. Such prose consists of
grammatically correct sentences with
nouns, verbs and other parts of speech
in their proper place. Words are spelled
correctly and rules of punctuation 2 3
observed. All computer programs base
on what is called natural language
quire immaculate prose because th
sentences that are fed into the compute
are parsed in one way or another so thaf
the meaning of the ensemble can be in
ferred from conventional rules of syntaxg

The trouble is that people do not nat

urally speak in sentences. Most of
realize this in an intuitive way, but 1
pect that few of us appreciate just ho
untidy normal human conversations rez '
ly are. In our experiments recordings ary
made of conversations in all communic
tion modes having a voice channel, an
the recordings are then transcribed inf
typewritten protocols. Subjects genera
their own protocols when they conve:
in the handwriting and typing modes.

Looking at the transcripts of conve
sations by voice or writing, one reaciy
sees the untidiness I have mentioned. A
example is the record produced by tw
inexperienced typists who were solvi
the equipment-assembly problem [se8
top illustration on preceding page]. The
first impression is one of complete um
ruliness. Not one grammatically co eck
sentence appears in the entire protocok
Words are continually misspelled
run together. Abbreviations, both !
ventional and unconventional, are co
mon, and violation of the rules of pun
tuation is commoner than their observs
ance.

The record even includes serious er
rors of fact. For example, at one poi
the source gives the seeker an instru
tion about “38th holes.”
queries the source on this point, and
source replies that his original statemen
was correct. Actually what the assemb
instructions stated and the source mean
to say was that the seeker should put
axle through the 3/8th-inch holes.

Perhaps the most remarkable thing i
that in spite of all this apparent u i
ness, the information got through.
two team members who generated
protocol completed their task su
fully in less than the average time
quired by teams for the equipment-
sembly problem. Equally remarkable i

of the same kinds of error and ungram
matical feature. Evidently unruliness
tends to creep in when the emphasis i




on precision of typing.

Transcripts of voice conversations
have their own special idiosyncrasies
that are no less perplexing and difficult
to deal with [see bottom illustration on
page 39]. 1t is clear that if truly inter-
active computer systems are ever to be
created, they will somehow have to
cope with the mispronunciations, errors
and violations of format that are the rule
rather than the exception in normal
human communication. Discovcring the
rules and characteristics of normal com-
munication is a problem that has been
ignored by linguists for too long.

i\f.[ easuring and counting such charac-

teristics of the protocols as words,
sentences and messages had seemed
simple in prospect but proved difficult in
execution. In the end, however, we were
able to formulate sets of rules that en-
abled us to count the linguistic units.
Next came the task of trying to decide
what measures of linguistic performance
to apply to our linguistic units.

On the basis of hunches, hypotheses
and what we could find in the psycho-
logical literature we came up with 136
linguistic measures, A number of them
turned out to be trivial, and many others
were so highly intercorrelated that they
were redundant. In the end we were left
with only nine meaningful measures of
linguistic performance that describe our
data. To a certain extent the discarded
measures are as interesting as the useful
ones because they reveal where it would
be fruitless to expend time and effort in
the future. To list them here, however,
would consume too much space.

The productive measures are: (1 and
2) The number of messages generated
by each subject and, closely correlated,
the number of sentences. (3 and 4) The
number of words per message and,
closely correlated, the number of words
per sentence. (5) The percentage of sen-
tences that were questions. (6) The total
number of words employed by a subject.
(7) The total number of different words
employed by a subject. (8) The ratio of
different words to total words, called the
type-token ratio. (9) The communication
rate, which is the number of words com-
municated per minute of time actually
spent communicating,

In one sense our findings are disap-
pointing, since there appears to be so
little to show for so much effort. In an-
other sense, however, they are gratify-
ing. The linguistic performance of peo-
ple who communicate naturally can be
described by a rather small number of
quantitative measures.

- et ool L
illustration on next page], the most strik-
ing thing about them is that the two fast
modes of communication (the two that
have a voice channel) are also extremely
wordy. Subjects using the two voice
modes, as compared with handwriting
and typing, delivered about eight times
as many messages, eight times as many
sentences, five times as many words and
twice as many different words; they also
communicated words at a rate nearly 10
times as fast. In sum, the voice modes
are fast ways of communicating, but
they are extremely wordy, no matter
how wordiness is measured.

The higher type-token ratio for the
handwriting and typing modes confirms
that they tend to be more parsinfonious
and less redundant than the voice
modes. (Measuring redundancy in these
experiments is extremely difficult be-
cause the data do not lend themselves to
the conventional measures of redundan-
cy relied on by information theorists. By
making certain plausible assumptions,
however, we concluded that in the voice

HIUUEs subjects employ about 15 times
as many words and four times as many
unique words as are really required to
solve problems.)

Interruptions in normal conversations
are so common and apparently so im-
portant that we have tested their effects
in a separate experiment. In brief, we
found that if subjects do not have free-
dom to interrupt, they use fewer mes-
sages and more words per message.
They also maintain a relatively constant
number of messages in both speaking
and typing.

Allowing subjects freedom to inter-
rupt does not shorten the time needed to
solve problems, nor does it result in any
reduction in the number of words need-
ed to reach solutions. What does happen
is that when subjects have the freedom
to interrupt, they package their words
differently. They use more messages and
fewer words per message, and they
maintain a relatively constant message
length whether they speak or communi-
cate by typewriter. A final point of in-
terest is that a subject is much more

COMMUNICATION-
RICH

VOICE AND VIDEO

VOICE AND
HANDWRITING

VOICE AND
TYPEWRITING

VOICE ONLY

HANDWRITING
AND VIDEO

TYPEWRITING
AND VIDEO

HANDWRITING AND
TYPEWRITING

HANDWRITING
ONLY

TYPEWRITING
ONLY

15 20 25 30 35

MEAN TIME (MINUTES)

MODE OF COMMUNICATION influenced the time required to solve problems. Here the
average time taken by teams to solve problems is charted for 10 different modes of com-
munication. The data fall into two fairly distinct groups. The faster five all involve the use
of the voice in communication, whereas the voice is excluded in the five slower modes.
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TYPEWRITING
COMMUNICATION- EXPERIENCED INEXPERIENCED
RICH VOICE HANDWRITING TYPISTS TYPISTS
SOLUTION TIME IN MINUTES 29 3 533 66.2 69
NUMBER OF MESSAGES 230.4 163.8 15.9 272 315
NUMBER OF SENTENCES 3726 275.9 249 45.8 441
TOTAL NUMBER OF WORDS 1,563.8 1,374.8 2248 322.9 257.4
TOTAL NUMBER OF
DIREERENT SORSS 397.5 305.9 1185 150.5 133.4
TYPE-TOKEN RATIO 3 3 & 5 6
NUMBER OF WORDS
JBER OF WO 190.3 171.2 173 18.1 102

EXPERIMENTAL RESULTS are enumerated for the solution of
problems by various modes of communication. “Type-token ratio”

likely to take control of a voice channel
than of a channel or any combination of
channels lacking the voice.

Ih considering the generality of our find-
ings one might ask whether we have
found certain general principles of hu-
man communication or have merely
found out about the ways in which par-
ticular pieces of equipment are em-
ployed. We think we have found gen-
eral principles. In our experiments we
tested some of the various channels of
communication in distinctly different
ways. For example, in one experiment
the voice channel was tested by having
subjects converse through a cloth panel
that was visually opaque but acoustical-
ly transparent. In another they con-
versed through a microphone and loud-
speaker. In a third experiment each sub-
ject wore a microphone positioned a
fraction of an inch in front of his lips.
Similar variations were devised for
handwriting tests, The most gratifying
thing to me is that the results and the
comparisons are almost identical under
all variations of a given mode, In short,
I believe we have been discovering gen-
eral principles of communication (by
voice, typing or handwriting) that are
largely independent of the particular de-
vices employed in mediating the com-
munications. Another kind of evidence
bearing on the generality of our findings
is that the results obtained with our dif-
ferent modes of communication hold for
all the different problems we have tested
and for both job roles assigned to the
communicators: source and seeker.
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As so often happens in research, the
questions our findings have raised are
more numerous than the answers they
have supplied. Every reader will have
his own list of questions. Four in particu-
lar intrigue me.

First, how do communication patterns
vary among different nationalities? An-
thropologists and sociologists tell us (and
our own experience seems to confirm)
that communication patterns differ
markedly among different cultural
groups. Would we have obtained results
of the same kind if we had studied peo-
ple who speak a language other than
English? What kind of concessions will
telecommunication systems in general
and computers in particular have to
make for national and cultural differ-
ences?

Second, how do communication pat-
terns vary according to the purpose of
the communication? All our experiments
so far have involved factual problems.
The problems all had single answers, and
the information needed to solve them
was directed toward that one goal.
Interactive communication, even with
computers, may serve many different
functions. A communicator may browse
through masses of data for items that he
needs or that merely excite his interest
and curiosity, He may want to have
briefings and status reports that will help
him to anticipate weather conditions for
the next few hours or days, review the
state of the economy or update his in-
formation about the condition of pa-
tients in a hospital. Communications can
also provide information necessary for

is ratio of different words to total words. Problem solving by voice
takes the least time but is wordier than the other modes are.

reaching decisions among conflicting al-
ternatives and can serve in argumenta-
tion, bargaining and persuasion. Virtual-
ly nothing is known about how commu-
nication patterns vary according to these
diverse purposes.

Third, what happens to communica-
tion patterns as the number of com-
municators increases? Our. experiments
were all done with teams of two people,
but communications often involve a
group of people and perhaps a comput-
er. The full implications of this kind of
communication are not known.

Finally, what are the rules that govern
normal human communication? Perhaps
the most interesting question of all con-
cerns the grammatical, syntactical and
semantic rules that apply to such com-
munication. In spite of the apparent un-
ruliness of natural communication, it
obviously follows some rules, because
problems do get solved, often with sur-
prising speed. How are meanings con-
veyed in natural conversations? How
can we even go about investigating this
problem?

This brief introduction to our program
of research has conveyed only a few of
the many interesting findings we have
made. Still, it may be enough to excite
the interest of others to try to under-
stand what happens when people com-
municate. If enough people work on
these problems, who knows? Perhaps at
some future time you and I shall be able
to find out about the latest developments
in science not by reading articles such as
the ones in this magazine but by convers.
ing in ordinary English with a computer,
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