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ADSTRACT

This report describes the findings of a project to develop a network confer-

encing capability. Six versions of a program named FORUM have been written
and tested in a variety of applications. In addition, limited experience with
the development of a voice capability is rcported.

The documants appended to this report rovide greater detail on the
architecture and operation of the network conferencing program (FORUM~5) and
of the file structure supporting a more advanced prototype (FORUM-8).
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SUMMARY

From Maxch 1972 to December 1974, the Institute for the Future has
developed and released six successive versicus of a policy-formulation and
conferencing system for use on the ARFA computer network. All programs were
written in assembly language for a PDF-10 computer operating under TENEX.
The two most advanced versions, knuewn as FORUM-5 and FORUM-6, are described
in detail in the present document. In addition, the design of voice channels
to be used in connection with computer conferences is discussed.

The most significant findings from this effort are in the arca of the
development of file structures to support the complex interaction capabil-
ities described in the report and in understanding the human factus- of
group interaction--as necessary for policy-formulation activity--through a

machine.
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I. INTRODUCTIUN TO CuUMPUTER CONFERENCING .

Descripticns of advanced societies by science~fiction writers and tech-
nical experts alike have familiarized us with the concept of communication
systems which are not bound by the constraints of time ard space. B cc Ton
feature of these systems is a method for instant idea exchange betwecn , :0-
ple separated by large distances. Not only can one individual communicate
with another, but groups can be brought into conferences by transporting the
images or thoughts of the individual participants rather than their -hysi-
cal bLodies.

Recent forecasts of industry trends agree with this concept and project
important social effects. Electronic meetings would permit radical changes
in work patterns ana would alter the office environment significantly. 1In a

1971 study of broadbcnd information services to the home, Paul Baran noted:

"...going to a place of work where physical goods are transformed

is decreasing in importance, as the percentage of GNP generated

by service industries increases; even today, more GNF is derived

from service industries than from manufacturing. Furthermore,

with an anticipated reduction in working hours and increase in

traffic congestion, there will be a growing wish by many to work

al or near home in lieu of going to the ‘office'."*

thether communication takes place from the home or a field office re-
mote fron the central work location, computec-assisted meetings may play as
important a role in future planning and decision-making patterns as tele-
phione conversations have until today. Murray Turoff, addressing the parti-
cipants at the International Computer Communications Conference in 1972,
pcinted out:

"...the secemingly straightforward concept of automating thz con-
ference call on a modern time-shared computor system offers a

*paul Baran, Potential Market Domand for Two-Way Information Services
to the Home, 1970-1980, Report R-26, Institute for the Future (Decewber
1971), p. 14.
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unique ability to allow effective communication within larger
groups than would rormally be possible in a telephione conference
call."*

Revic ving these concepts, J.C.R. Licklider defined thie role the. compu-

ter sheuld Zlay in such interaction. According to him, the ~omputer:

"...could introduce a dimension not ordinarily available in face-
te-fac : conferences. It could provide on-line information retrie-
val and processing for exanple, retrieval and reduction of data
from on-line data bases, and dynamic display of models retrieved
from files of models maintained within the network."**

Tuking as an example the case ot a scientist who participates in a se-
ries of meetings concerned with planetary science, Licklider commented upon
the value of teleconferencing (which he defined as "interaction among geo-
graphically separated peorle as though they were together at a conference");

this scientist typically:

"...does nnt like to travel; hc is interested in cutting down the
nuiber of meetings that he has to attend in Washington. Perhaps
more fundamentally, he is concerned that the thinking and planning
that goes on between neetings is less effective than it should be.
Should it not be possible for subscts of the committee, groups of
two or three scientists interested in a particular facet of the

verall problen, to interact through telecomrmunication channels?
Should it rnct be possible for them, in such interaction, to take
advantazge of computer-processable data bases, computer-progranm
models, and packages of computer prograns designed to facilitate
the kinds of calculations involved in the planning of space
exploration?" **#*

According to Turoft:
"Econumics already favors computerized conferencing, even for

fairly snall groups, within organizations that have computers and
terminals. As mini-system and terminal costs decline and digital

*Murray Turoff, "PARTY-LINE and DISCUSSION Computerized Conference Sys-
tems", in Stanley Winkler, ed., Conputer Communications: Impacts and Impli-
cations, Proceedings of the First International Conference on Computer Com-
runication, Washinjgton, D.C. (October 1972}, p. 161.

**[irown, Miller, and Keenon, eds., Report of the Sunmer Study on Infor-
nation Networks (Lew York: John Wiley & Sons, 1973), p. 155.

***Ihid., p. 156.
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data networks come into wide use, we should by the late secventies

find this comminication mode to be quite commonplace."*

The loss of time and the expense involved in traveling are not the only
inefficiencies in face-to-face meetings. They can lead to decisions made
under pressure, and there is rarely an accurate record of the conversations.
Also, many potential contributore are excluded from these meetings by time
and distance constraints. Decisions made in face-to-face situations often
lcave participants with the feeling that a greater degree of creativity and
plain wisdom would have been possible in an environment which facilitated
full communicaticn and the sharing of documented facts.

Applications of computer conferencing are not limited to science. De-
cision-makers in all fields often report that tney spend too large a part of
their time traveling to meetings and conferences. The €nergy shortage of
1973/74 has dramatized this fact and has led many to reconsider the need for
such extensive travel activities and to search for communication alterna-
tives. In the February 1974 issue of Teleconmunications, Paul Polishuk ad-
dressed the question of the possible savings in the substitution of telecom-
rmanications for transportation. It would enable, he wrote,

"...the employed population to work, plan, and socialize closer to

the .ndividual residences of the employees. Particularly appeal-

ing, other than as an enerygy conservation mechanism, is a better

m.~lity of life for the inaividual citizen. Bonus effects would

accrue in that pollution would be lessened in the metropolitan geo-

grap:ic areas. traffic congestion on main arterials into and out

of met npolitan areas would be decreased, and less time would be

consuned in journeys to and from work."

In earlv December 1973, when the Netherlands was withouvt gasoline, the news-
papers rcported that use of the telephone increased by ten to twenty percent.
Confirmatio:. of much an effect by accurate statistics would point to the ex-
istence of a serious opportunity for more widespread use of electronic com-
muiications. In tha military field, thoe availability of transportable, geo-
graphically distributed management systems is an obvious requirement.. Here
again, teleconferencing could make a %}gnificant contribution to their

design.

*Murray Turoff, "Human Communication via Data Networks", Computer De-
ciszions (January 1973), p. 25.




Although our society claims to mok: good use of advanced technology,
most decision-imaking is still taking pla.e through mechanical action rather
than through electronic-equipiaent support of intellectual effort. Very lit-
tle technology has been made available vatil now to unburden the manager
faced with cumberscme communication problems. Most businessmen travel every
day by car, airplane, and train to go to woirk. Once in the office, they
again resor® to mechanical means to make their vhoughts manifest: they fill
cut forms, write letters that have to be typ 4 by physically hitting picces
of paper with miniaturec hamme:rs, and they move physical blocks of files and
reports through the organization to accomplisl. visible results.

The efficiency of this type of work decrecases with distance between
workers much mcre rapidly than an inverse square function. Contact with
people in the next office invoives a finite commitment and effort. Coa-
tact with personnel in another wing of the building complex is certainly
not casual. And dealing with a part of the orjanization in another city
calls for a range of cumbersome systemc, such as the mail, the telephone,
the telegraph, and transportction.

It is useful at this puint to recall some statistical facts of busi-
ness activity. Thorngren and Goddard* have found that 12 to 15 perceat of
all external business contacts involved more than two participants. Few of
these multiperson contacts take place by electronic communication. This
nceds to be contrasted with the fact that over 80 percent of all two-person
business contacts occur by telecurmunications.

In order to improve the quality of decision-making, it is necessary to
modify the nature of multiperson communication and. in particular, to
change its dependence on space to such an extent chat thoughts are equally
clear, equally well docunmented, and equally accessible no matter whuat the
locations of the author and recipient. 1Its dependence on time must be
changed in such a way that the pressures of travel schedules and the syn-
chronization of attendance (as in face-to-face and telerhone conference

calls) are no longer important factors in decision processes.

*Reported in Final Report, Volume 3, Conmunications Studies Group (Sep-
tember 1973) .
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In an effort to compare computer conferencing with other modes of com-
munication, we have surrarized the major parameters of interaction in four
major contexts in Figure 1l: face-to-face, computer network, voice, and
voice plus vide.. The apparent advantages of camputer conferencing are (1)
the availabilicy of an accurate record for both review and Aistribution,

(2) a tie to processing services, (3) the possibility of immediate display

of group views, and (4) the possibility of anonymity, which allows the ex-
pression of personal statements without group pressure. 1Its current draw-
backs are (1) the lack of social contact among participants, (2) the require-
ment for typing, (3) the loss of visual information, and (4) the sensitivity
of the system to technical failure.

As early as 1963, the Institute for Defense Aralyses sponsored research
into early forms of teleconferencing in the context of high-level crises.

Reviewing teleconferencing applications in use in the Unitecd States at that

time, Human Sciences Research, Inc., noted that most of the available exp<rience

was with teleplone and teletypewriter conferences and with closed-circuit
television; no computer conferencing was empluyed at that time, but tele-
type networks were no longer novelties. The authors of the report recalled
that:
"...the government has experienced teletypewriter conferencing on
several past occasions. In the 1948 Berlin crisis, a large volume
of teletypewriter conferencing occurred.”*
Use of the ordinary teletype in such interaction led to some problems, how-
ever:
"The one thing most emphasized by the State Department repre-
sentative was the need for adirinistrative control on a teletypa
net. This need for circuit discipline on teletype is particularly
due to the characteristic of the equipnent thac if more than one
station transmits at once the massage will be mutilated."**
Tnese remarks poinc to the necd for an environment that supports the confer-

encing function in multistation discussion, provides a variety of flexible

*Gerald Bailey, Peter Nordlie, and Frank Sistrunk, Review of Telecon-
munications Applications in .!se in the United States, Institute for Deferse
Analyses (20 September 1963), pp. 3-18,

**1hid., pp. 3-18.
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LS NGRS FAGE-TO-FACE | CONFERENCING | CONFERENCE CALL | Vo ct o ¥1oEG
Maximum Number of Sites One t:mtiz ::c:?;:5 Five Two
—
Availabili.y of Accurate Record No Yes Possible Possible
Link to EDP Services No Yes No No
Emotional Cor .ents H’g: Low Fair Fair
Sianal Transmission Capability Large Fair Small Large ]
‘ lyping Rejuirerment No Tes Ko Ho
T Visual Cisplay Possible Yes Ne No Yes
Sensitive to Tribniesl Toilure Ho Yes Suall Smatt .
Can Preserve Ancaynity No B Yes No No
—7;lan; Aggregation of Numeé?Zal Dat. Mo Yes No No
Cost (Corrercial Pates) | g;op::r"-;:" ;t‘j"‘;gri‘?:;g‘a’:: Phore Lharges | $230 per Hour*

*Based o1 the rate charged by th2 8ritish Post O0ffice for its Confravision service.

Conterence

Pictureptore *~ruice Latwzen Chicago 4 tiew York is $6.57 psr mirute; ane service belween Washington, DC

and New Yors @5 32.50 per ninute,

Figure 1.

Parameters

in Four Cummunication Madia




activity structures, and decreases the reliance on simultancois, interactive
exchanges where all participants must physically be present at terminal sta-
tions at the same time.

Mudern computer .etworks have the required properties rfor stch an envi-
ronnent. Conceived by its developers as an experiment in resource sharing,
the ARPA network, in fact, provides a communication capability as a by-

roduct of its data processing power. The progran described here draws from

both of these capabilities.
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1I. THE FORUM E'STEM .

A. BACKGROUND AND RESOURCES

The Institute for the Future began its investigation of teleconferenc-
ing through its interest in the improvement of methods by which experts from
diverse fields add.ess problems in social forecasting and technology assess-

ment. In March 1971, the Institute proposed to ‘he Advanced Research Proj-

ects Agency:

"...to explore the applicability of on-line qroup conferencing for
policy formulation via computer terminals. The key goal of such
conferencing will be the effective use of judgmental data as input

for forecasting, planning, and decisicn-making, where the partici-

pants are geographically separated.”

In organizing this rescarch, we were able to draw from the previous work
of 0Olaf Helmer and Paul Baran, at the Institute for the Future, and from the
efforts of Murray Turoff,. at the Office of Emergency Preparedness; Thomas
Sheridan, in citizen participation research at Massachusetts Institute of
Technology; Norman Dalkey, with computerized Delphi at the Rand Corporation;
and others. Our approach is unigue, however, in at least four respects.

1. The system is designed to support flexible discassions that

may be organized in real time, and deals with computer con-
ferencing as a telecommunications medium.

2. The project encompasses the development of hardware for a

computer~controlled voice channel supplementing the typed
interaction.

3. The project environment permits observation of the confer-
ences and the athering of statistics for research purposes.

4. For the first tune, an international computer network, ARPANET
(see Figure 2), is used as the implementation ervironment.
To create an advanced form of teleconferencing, we have implemented and
suzcessfully tested a computer system called FORUM, which is now in routine

oporation on the computer network of the Advanced Research Projects Agency.
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The bas < idea of FCRUM is to allow unhampered interaction of partici-
pants ur 'er the guidance of an organi:zer who defines a topic of discussion,
asseables a panel of participants on that topic, and presents the material
relevant to the subject. Each participant establishes communication with
the computer netrork via a portable teminal with a standard typewriter key-
board. FORUM is able to convey questions and answers, assemble group opin-
ions, protect anonymous statements, and supply other information to, and
within, the group while the organizcr ronitors the proceedings and inter-
venes as necessary.

In order to illustrate the nature of the interaction made possible by
FORUM, it is appropriate to imagine a hypothetical discussion* among a group
of experts on the subject of the projected availability of mineral and energy
resources in the period 1980-1990. The participants are about twenty in num-
ber. Among then are planrers, econanists, geologists, and petrolcum experts.
Two are specialists in cenputerized data bases. In addition, there might be
representatives from power and utility companies and the president of a min-
ing corporation. The organizer of the conference has experience in dealing
with groups and is familiar with the various techniques which can be brought
to bear on the elicitation of forecasts and intuitive judgrents in areas of
high technology.

This hypothetical conference differs from the usual workshop in that
the participants are not neeting face-to-face. Instead, they are geographi-
cally scparated and use a variety of communication media. Come are sitting
around a terminal in a Washington, D.C., office building. A geologist is
in the coaputer rooan of the Branch of Canputaticns of the U.S. Geological
Survey in Denver. One of the ecconomists is in his office at Stanford Uni-
versity. Another one may be sitting in his study at home in New Jersey or
in London, for that ratter. (These experts are in telephone communication
with a contral operator who can instantly advisc them of the status of the
confercnee, of the projress of work done in subcommittees, or of the rea-
sonc for any particular difficulty or delay.) The substantive parc of the
interaction takes place through entries typed on standard terminals.  All

of tho terminals are connected to the network and arce controlled by a computer.

*notual exanples drawn froa real-life conferences are given in Sec-
tion 171 and in other parts of this report.
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This is the capability of FORUM.

Before describing our research approach, instrumentation, and findings
in detail, it is useful to describe the envircnmont in which the work has
ta'on place. The Institute for the ruture is a small, nOnprofitAorganiza-
tion formed in 1968, 1t has special expertise in the development of short-
to medium-term forecasting tochniquesi. It receiv.s support from private
foundations, private corporations, and government agencies for the develop-
nent of descriptions of future envirorments and for the improvement of tech-
nigques through which to arrive at such forecasts, In both types of assign-
ments, the extraction of the collective thought of groups of experts is a
critical task.

The Institute does not have its own computcr. All of the work on
ALPANET is performed via rerotc teminals, most of them of the portable va-
riety illustrated in Figure 3. These terminals are linked to the network
by orairary telephone lines concentrated by a small, remote computer known
as a TIP, or Terminal Interface Processer. OCnce the connacticn to the TIP
has been obtained (by dialing a local telephone number), we proceed by re-
questing aceess to one of the network's "host" conmputers where the FOPUX
projran is stored. At the sane time, other ARPANET usors may be entering
the netwerk at other node points, such as Washington, D.C.; london; or Cslo;
through local phene calls. The specific computers we have used on the net-
work are those of the Information Sciences Institute (ISI) at the University
of Southern California in Los Mngeles and the Bolt, Beranek and Newman Cam-
pany (B}) in Massachusetts. They arc of the Digital Equipment Corporation
PDP-10 type and use the TENEX time-sharing executive.

The facilities available at the Institute (see Figure 4) consist of two
blocks of three reooms, separated by a distance of about 200 fcet and consti-
tuting a miniature laboratory for office automation. In these offices, we
nave installed a varicty of terminals. Over the first year of the project,
mainly devotod to programming, four terminals were used. This nunber was
expanlded to eleven over the second year to permit experimentation with alter-
native work styles where staff members could, for exanple, have texminals in
their homes. Teurinals were occasionally loaned to outside pacties involved

in ficld tests conducted by o'r group. One terminal is a Terminet printer,
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and another is a cethode ray tube display operating at a high transmission
rate (1200 baud inruet). ‘T'his rate is made possible by the hardwwre intei-
face at the nearest access node, the NASA/Ames TIP entry poi.t to the net-
work. One work station ig used by the conference centroller ¢nd contains

a terminal with tape casscettes that permits the storiig of conference text

in tape acchive form.

B. RESEAICH APPROACIH

The central problemn of implementing a computer conferencing sys*cm
clearly reduces to that of identifying, defining, and implementing a range
¢f stractures under which the participants are able to share infermation
and enter corments into a cownon computer-storage file.

The iaplenentation ot a systwn like FORUM raises unusual problems of
desiyn: a group of e¢xperts or decision=nakers typically does not have much
rnuwledge of, or interest in, computer technoloyy per se. There is no op-
portunity to train thaer in tne use of a text-criented language before the
conference., And it is nrot feasihle to ask then to interface with their
pecrs throuzh information specialists because each participant has a unique
awareness of the problen at hand and needs to experience direct contact with
his dete and with other participants in osder to perform at the "cutting

"

edje" of his thinking.

When a group of conferees communicates via FORUM, each participant uses
a terminal of the type that can be rented for 3150 a nonth or less. Once
the termainal has been logged into the network, the user is presented with a

list of discussicias which he can attend (just as he would if he were to walk

into the lobby of a convention center to review the day's program). Having

n

clected an activity, the conferee is given a short background statement de-
scr.bing the ectivity. He is then free to observe the ongoing discussion,

to review past comments enteroed into the conference, or to start typing his
car: rerarrs (see Fijure 3) . At any point during the discussion, a conferce
can Send @ private Ressogs to anothner participant or make an anonynous entry.
ALl of tlhaone connundcation nmodes (which Appendix 1 of this report attenmpts

to charcterize in a more formal manner) can be entored without the partici-

pant having to leern a single command, thus avoiding a major problea of most
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interactive systems in existence; namely, that system commands get in the
way of the person who types and clutter the transcript with extraneous lines
that only have reaning for the machine.

An important facet of FORUM conferences lies in the eate with which the
participants have access to services outside of the discussion itself: they
can, for instance, submit a prepared statement to the rest of the group or
insert parts of the discussion into a personal file. They can also draw re-
sponses from a data-base system and enter them into the general discussion.
Clearly, the level of interaction thus reached is one not found in face-to-
face meetings where experts are cut off from their files and personal notes.

The initial tasks in the FORUM project included an analysis of the
available resources and a review of the existing terminal technology in
terms of character set, plotting symbols, size of frame, speed of presenta-
tion, and interface standards. A decision involving the programming lan-
guage to be used had to be rade early; after exploration of the languages
available on the PDP-10 under the TENEX operating system, we reluctantly
concluded that assembly language was the only suitable medium to gain ac-
cess to shared files and to control terminal behavior, both functions being
critical to our goal. Additional requirements -vere speed and low central-
processor utilization.

Actual development of the FORUM program proceedazd through a series of
stages identified as "releases". The version currently running on ARPANET
is release 5. Most of the user experience reviewed in Chapter III of this
report was based on this release. A description of the various reclease fea-
tures is useful for the record.

Releacse 1 was the first package that formed a working system. It in-
cluded the capability to simulate simple questionnaires and supported asyn-
chrconous interaction only, without feedback of results.

Release 2 permitted rultiple rounds of a questionnaire. Display com=-
nands were expandad, and a structure for agenda items was created. A link
connuciion with the conference chairman (or organizer) was made possible.

Release 3 became available in December 1972Z. 1t included a simple com-
rmand language for the conference participant; a detection for loss of car-
rier, thus permitting the user to teminate a session by simply hanging up

the telephone (rather than taking the time to log out); and a mechanism for
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adaptive instructicns based on skill ratings. A primitive synchronous-
conversatizn program was introduced and was used in real-life tests. Tree
structures and file implementation were achieved in this release.

Relcase 4 marked a departure from the initial approach that had cen-
tered on the implementation of the basic questionnaire-type system.
Discussion-oriented features (such as autumatic message identification by
author name, private-message mode, anonymous-message mode, and a host of
minor adaptations) opened the way for the utilization of the proyram for
general conferencing., We began exploring alternative display modes for syn-
chronous discussions. The use of the program by ARPANET participants became
significant.

Relecase 5 (in use on ARPANET since October 1973) was the first version
that could conveniently support heavy usage by real-world participants. The
code had been modified to make the entire program sharable. Performance
measurements showsd its central-processor utilization ratio to be excellant
(one minute of CPU tire for two hours of synchrouous discussion, per partic-
ipant}. Most cormand-language fecatures became available to the user within
the discussion itself, and use of control characters was practically elim-
ina*=d. The ability to retrieve and display past entries by date, name,
content, and range was made aveilable. At that point, experience with FORUM
alrecady included serious utilization hy ARPA management and approximately
four months of field testing by the Automatic Programming Group at USC-ISI.
letwork-wide discussions were conducted routinely and included such topics
as the design of advanced teleconferencing systems, the transportation/
communicaticn trade-offs, and initial exchanges of research information with
the Communications Study Group in London.

Release 6, which was introduced on an experimental basis in August 1974
and was tested until termination of the project in December 1974, features
a single, integrated cormand languagye, a generalization cof the conceot of a
conferenc? to makeae jolnt authorship and other management tasks pogsible, and
a scheme for handling privete messag»s in a personal user file rother than

as part of the main discussion.
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C. THE NETWORK ENVIRONMENT

In atteapting to relate FORUM to other types or computer communica-
tion, it is helpful to draw up a map of information-exchange modes avail-
able through FORUM (Figure 5). A certain mede of communication corfesponds
to each element in the matrix: !ail is the mode in which one sends a mes-
sage tu another user with delay. A real-time message to a group is an

address. A file may be used as a way of sending delayed messages in one-

self, and an example of direct communication with one person to real time

is a phone conversation. The functions of the FORUM system thus overlap

in some arcas with those of text editors and mail-distribut.on systems al-
ready available on some computer networks.

The direction of comaunication is shown across the top. A given mes-
sage car be sent by user A to user B immediately (column 1), or with delay
(column 4). Aliternatively, A and B may be in real-time communication (col-
umn 3), or in delayed communication {column €). User A may also receive a
real-time message from B (colwan 2} or a delayed message (column 5). The
possible recipients of A's message are displayed vertically: the recipient
can be a systei, A himself, another individual, a group, or the public at
large.

Several limited communication modes were available on the network
prior to the introduction of FORLUii. We have displayed them in Figure 6A
in the form of a single table.

The LINK mechanisin iy a crude process threugh which an online user can
effectively attach another terminal to his own and send one-line messages
across the network. Every character typed is seen ky the other person.
There is no opportunity for correcting errors and no more than four users
can be interconnected. The LINK is useful for such operations as brief mes-
sagyes to the cperator.

The StD (send message) system is intended for use by programmers and
specially trained perscnnel in exchanging brief (usually less than ten-line)
statewrents such as announcenents, plans for meetings, etc. The availability
of this system has nade an impact on management patterns on the network by
unburdening execatives whose stchedules nmade 1t difficult to respond to tele-
paone calls or reqular mail. Sk is machine-independent in the sense that
a4 nessage can be sent to a user at any computer on the network where the re-

ciplent has an account.
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Figure 5.

Communication Modes
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A third means for the communication of information among users of the
same machine is the NLS journal. This is a mechanism that accepts ac input
a structured file produced by NLS. NLS is a sophisticated text editor based
on the mathematical concept of plex, which is a generalization Jf a tree
structure. The file is treated as an "article" that is disseminated by the
system to a list of addressees and is retrievable by them through the text-
editcr.

Both SND and the NLS journal are totally asynchronous (delayed). The
LINK process is exclusively real-time (simultaneous).

One can see in Figure 6B how some of the functions of FORUM overlap
with the processes described above, superseding some of them and probably
inhancing the uscfulness of others. Also obvi-us in Figure 6B are the
clearly delineated interfaces between FORUM and four categories of func-
tions it dces not support: (1) computing capabilities; (2) text editing;

(3) information retrieval; and (4) publication systems.

These four types of capabilities are available on the network in ore
way ¢> another, and we have only begun to tackle the problem of integrating
them with the conferencing functions. We have, howeve:, taken care to pro-
vide FORUM users with transparent interfaces through which they can have ac-
cess to such systems. They can, for instance, create a "lower fork" of the
operating system (giving them access to all the features of the machine)
without leaving the discussion activity; thzy can also save entries from a
confercnce in a personal file for later processing, or submit such a file
as a prepared statement into a conference. These features have been avail-
able in FOPUM since release 5.

The interface with texu «ditors ir provided in the design for release 6.
The user can modify his entry by simply hitting an ESCAPE key on his temi-
nal and calling a famniliar text editor by name, for instance TECO. And fi-
nally, we have provided an interface with a voicc-communication system that

will be described br.ow.

D.  VOICHE CHANNBIL

1f a conputer-brsed system is to bae truly useful for denision-making

purposes, % is necessary to tailor the system to fit the user nceds and
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Figure 7. Remote Access to a Computer Conference

Ann McCown, Richard Miller, and Hubert Lipinski are shown here
participating in a conference running on a remote computer.

A speakerphone is used to maintain a parallel voice connection
with other participants.
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not require the user to fit the constraints of the terminal. Users ace of-
ten unaccustomed to using computer terminals or even to typing. To provide
comfortable and effective interactive response for people accustomed to sec-
retarial s:pport for converting their thoughts inte clear languége text, ac-
cess to communications media in addition to the computer terminal appears
necessary. To exrect all participants in an inquiry to operate within the
constraints of a single computer-terminal system may be unrealistic unless
it is possible to achieve a markedly higher, niore refined degree of compu-
ter/human interaction than that observed to date. Although improved person/
termina' interaction is a goal of the present system development, the Insti-
tute has not achieved any major increase in the ease of interaction for an
unskilled user using the computer terminal. Hence, it appears reasonable

to conclude that other media--and especially two-way volce cormunication--
will be more than a useful adjunct; they will be a nececsity. We expect
initial use of the voice channel to ba for the online training of new users
of FORUM and for recovery instructions. In addition, we contemplate using
it in intervicws of the participants during some form:! experiments.

The prosent state of- the art of voice-conferencing equipnent is not
highly developed. fTelephone conterence calls may be placed commercially
{workable with as many as five persons) on a manual basis. Here, as i all
present types of conferencinyg systcas, all speakers may talk simultancously
and thus any speaker may interrupt any other.

A more useful system would allow "order wire control" and permit tighter
control and discipline, thus ircreasing the number of users who may simultan-
eously talk to one another. A search of existing equipment found ncne that
would fit the needs of this project. Hence, it was necessary to draw up cpe-
cifications for a now type of system.

The basic problem faced in specifying a voice-conferencing eguipment
design is that there is no single best arrangement. While we do not know
the ideal parameter choices for the design, we do appreciate the fact that
changes in the communications medie can have profound effects on the nature
of the cormunications that transpire.

The precise manner in which the voice system will eventually be uscd

in practice dictates the choice to be made. Yet eventual use cannot ba
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specified a priori at this early stage of development. Hardwarce constraints
must first be determined and the human behavior response operating within
such constraints must be tested. Accordingly, we sought to specify a some-
what "universal" voicoe system in which a wide variety of alternativé voice-
communication configurations could be tested. Zero cost and infinite capa-
bility rarely go together: the more general and nonrestricting the system
specification, the more complex and expensive the resulting system design.
As a compromise, the Institute considered a set of five representative
benchmark designs, or models, in detail. The resulting parameter sets were
presented as points trom which one cowld estimate final design specifica-
tions, knowing what cach specified feature implies in hardware and develop-
ment costs. On the basis of these five models, one configuration (among
many possible hirdware configurations) was selected and built. (See the
special Institute report by Paul Baran, Voice-Conferencing Arrangement for
an On-Line Interroation System, March 1973.)

The prototype system which the lnstitute has tested is designed to

place lines in one of two states:
1. nonitor only; or

2. talk only (can be used for general broadcast, in which case
a line may be connected to all conlerernce paths).

A link is supplied to the system Sor external connections to a general-
purpose computer. The design of the system allows the general-purpose ma-
chine to control tho systea. The switching technolegy is analoyg; upgrading
of the switch to handle digital trc ffic, if necessary, is possible. The
initial design cdoes not support Touach-Tone from the telephones for system
control.

The system was built by Mr. Dean Romein, under the supervision of Dr.
David Farber of the University of California at Irvine, and is depicted in

Figure 8.
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Voice-Conferencing Hardware (Prototype 1)
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III. EXPERIENCE WITH CCMPUTER CONFERENCING

Since versions of the FCRUM program were made available to ARPA manage-
ment in Aagust 1973 and to other networx users in October 1973, actual exper-
ience with tlie system can be reviewed and analyzed. It is important to
ermphasize that in the present report we are not addressing the questions of
psychological and social cffects of telcconferencing, which our group is
stndying separately uncer sponsorship from other federal and private organ-
izaticns. We are specifically reporting our findings from thrce major sources
of user information: the data supplied to us by the Information Sciences
Institute at the University of Southern California, where FORUM 1as had con-
siderable application; the various collaborative cxperiments we have been

able to observe; and inhouse experienc: at the Institute for the Future.

A, CCNFEPENCING AND DATA-BASE SYSTE!S

As an illustration of actual use of FORUM, we might consider a confer-
ence run in May 1973 which linked togcther the Washington, D.C., Denver, and
Menlo Park centers of the U.S. Geological Survey in a series of teleconfer-
ences using FORUM-4. (See Figure 9.)

The Denver participant operated a terminal linked to an oil and gas
information system resident in IRTONET's computer in Los Angeles. A geol-
ogist in Menlo Park was operating the DIRAC-2Z interactive retrieval system
runnint on the Stanford University IBY 360/67 compuicr. A data base of
Alaska mineral resources was maintained under DIRAC-2.*

The following is a sample of the interaction as it deveioped in the
environment described (the names of the participants have been replaced by

single letters):

*This «ystem is described in a paper by Jacques Vallee and Gerald
Askevold, "Information Organization for Interactive Use: Design Impli-
cations in Data-Base Systems," Journal of ASIS (July/August 1973).
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B (Geologist in Washington, D.C.):

To all participants: Please ask your requests relative to the
variables listed at the beginning of the session. At this time,
i'd like to ask you all to submit the first round of questions
(i.e., retrieval c-iteria).

A (Geologist in Menlo Park):
To D (Geologist in Denver): How about a list of counties?

C (Geologist in Menlo Park):

To B: Let's do a retrieval on pools in Colorado which have a
production of greater than 2,600 bbis in 1969 and produce from
a type "A" sand.

C:
To B: Retrieval criteria production >2,000 producing rock type
"A" sand.

A:
To D: Did you get our request for a list of counties included in
the file?

D:
To A: Yes we have the request in the system.

Institute for the Future:

I wondzer if you can fill this request. Can you give me the per-
centage of unused oil and gas resources still in the ground (com-
pared to total resources) in your sample data basc.

B:

To Institute: We will give you the total reserves for oil and
gas, and also the total production. The difference is your
answer.

D:

To B: Here is a list of county names: Baca, Bent, Boulder, Chey-
enne, Delta, Elbert, Fremont, Garfield, Jackson, Jefferson, and
Kiowa.

B:

To all: Please try and stick to the variabies listed in the be-
ginning of the session.

To D: For Institute use variable LIA and LIC for reserves.

D:
Nine records were found wivich had annual production of crude in
1969 greater than 2,000 bbls.
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A:
0.K. D: How about a list of all the oil fields in Cheyenne
County and their annual production for 19707

B:
To A: Remember that Roger has to type in the output from the
search.

To all: Remember, we can tabulate numeric variables.

A:
We are now asking questions of the Alaska file asked by interested
visitors.

C:
To A: Can you give us an idea of what is going on?

B:
To A: There is one pool in the county. The pool name is Missis-

sippian. The production for 1970 wes 22,180 bbls. The associated
gas production was 800 MCF.

A:
We are showing Ed and Pauline how the file works. So far they

have asked things like: How many properties contain gold and
silver?

Chairman:
To A: What is the nature of the data in the Alaska file?

A:
To D: Thanks much.

C:

It is obvious to me that so far this morning we have been able to
deronstrate a capability that the Survey has an immediate need
for. We have also answered at least 5 letters that normally cross
the S5th floor.

A:
To C: There are no entries with W but we found two that contain
stlver.

A:
To C: We are following up on your request.
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e D:
To Institute: There are two records in the file with the data for
e crude originally in place. These two records each show 9,500,100
bbls originally in place and the cumulative production through 1970
e was 2,293,336 bbls for one and 184,831 bbls for the other.

° A:
To C: Both are occurrences for which we have no reserve data.
e Neither has significant economic potential.

The participants held a confercnce call by telephone after the online
sessions. The ability (found in FORUY) to link together the resources of
several information centers, possibly operating different computer networks,

was seen by all participants as a concept of great interest.

B. FORUM IN RESCARCH

It is often the case that members of a scientific rey: arch team work
away from one another and rely on a communication medium to remain informed.
Even when no geographical separation is involved, however, a tool such as
teleconferencing can provide a convenient way for scientists to pool their
ideas and support the research process.

Begyinning in July 1973, FORUM-4 and eventually FORUM-5 was used as one
medium of communication for the Autumatic Programming Group at the Informa-
tion Sciences Institute (ISI) of thae University of Southern California. The
resecarch being done during this period involved advanced work in the area
of automatic computer programming. The style of FORUM usage which developed
provided a kind of collective note pad for the research team. In this ap-
plication, then, the role of FORUM was quite specific and scmewhat limited,
At the end of a two-month period, two Institute researchers visited ISI to
interview all the participants and obtain their recactions to the medium.

The following is a summary of the findings.
There were nine active participants in the research group using FORUM,

and they were divided into small topic-oriented groups. Each of these small
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groups had individual concentrations, but there was also a strong nced to
keep in touch with the activities of the other small groups.

FORUM (then still in the early testing stages) was introduced as a pos-
sible communications aid by the project leader. A demonstration was given
to the research staff at IST during early June. This demonstration involved
a synchronous conference of twelve persons, with no specific topic area to
be discussed.

The use of FORUM as a tcol in the actual research began without any de-
tailed strategy about the role it would have in the group. The projcct
leader simply began leaving messages in the FORUM program. Gradually, an
agreement was made for all members of the staff to check FORUM each day for
new information and add their own comments. From this point, they quickly
developed the habit o7 entering summaries of their face-to-face meetings.

over the period nf time described here, I"ORUM became an important part
of the group process. The style of usage which evolved made interaction be-
tween groups efficient and provided transcripts as an important written rec-
ord of the collective thought process.

During the time when FOWUM was being used by the Automatic Programaing
Group, other media of comnmunication were alsc being used. The media that
can be identified as important are:

e face-to-face meetings of small topic groups (usually held
daily) and of the entire research group;

® FORUM in an off-line mode, using hard-copy transcripts of
the information entered into the systen;

e informal nmeetings among stafif mermbers (e.g., those with ad-
joininy offices);

e other computer-based media, such as messages sent through
network mail, copics of documents stored in files, etc.;
and

e FORUM in an online environment using cathode ray tube ter-
minals (used mostly for skimming the text of other confer-
ences and inputting reactions to hard-copy transcripts).
The FORUM discussions were used primarily to store and distribute work-
ing rotes.  These notes censisted of summarized thoughts, notes of maetings,

synopses, and the additions, corruections, and comments wnich referred to the
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summaries. The notes were not of a particularly polished nature, but were
gencrally the "filtercd" results of longer, more intense face-to-face meet-
ings. Occasionally, a new or rather unrefined idea was put into FORUM dis-
cussions in an attempt to receive feedback and reactions. This Yeedback,
however, was rarely entered into a FORUM discussion.

The responses that were put into FORUM were generally triggered by hard-
copy transcripts of discussions which were created as special computer files
(in TENEX), eodited, run off in multiple copies, and distributed daily. This
organization and distribution of herd-copy transcripts was done by a very
competent editor-secretary, and was not done within FORUM. It is our plan,
however, that FORUM will gradually adopt much more of this editorial func-
tion in the future.

In keeping these running sumnaries and synopses, the records were de-
tailed enough to: (1) allow communication betwzen groups; (2) allow a new-
comer to the group to read a history and catch up on the research status of
the entire group; and (3) allow the various ygroups to create reports, papers,
and more polished summarics of the work conducted during the period in which
FORU! was used.

The research grour at ISI was formed just before the use of FORUM was
begun., Six of the nine active participants werec graduate students, and half
of those graduate students were there for only one swnmer. Only basic user-
profile data are available, though, and there was no attempt to do any formal
group analyses as either pre- or post-tests. Thus, we can only relay infor-
ration on the subjective assessment of the group members as they attempted
to sort out the e¢ffects which FORUM had on their research team.

The general reactions to computer conferencing, limited to structured
asynchronous applications, were positive. Most participants felt that this
was an appropriate limitation and that computer conferencing would, in fact,
be most beneficial in highly structured situations. (It should be noted
that synchronous conferencing was not attempted by the whole group, or any
of the small groups, after the initial demonstration, in which there was
general disappointment.)

There was a generally negative rcaction to the necessary reliance on
typing ability. This was a problem for five of the nine members of the group

and may have affected the usage of FORUM whiclh developed.




The comments regarding specific characteristics of FORUM seemed partic-
ularly thoughtful and sometimes imaginative. Since the participants were
all highly skilled computer users, it is perhaps not surprising that much of
their attention was focused at this level. In general, the group was im-
pressed with the simplicity and general friendliness of FORUM. However,
this basically positive reaction was tempered by numerous suggestions for
nodifications of the structure of the system. Apparently the version of
FORUM being used at that time was alluring enough to whet their appetites
for computer conferencing, but .aft them frustrated at certain points.

The most obvious weak point, felt unaninously, was the pressing need
for at least basic abilities in text editing and review of conference pro-
ceedings. Suggestions for improvement included adding the ability to input
directly from a text editor outside of FORUM, allowing persons to rewrite
and/or add poustscripts to their own earlier comments, allowing comments to
be inserted into previous text, abilities to search the text according to
various criteria, among others. Most of these suggestions have now been
incorporated into release 6.

One of the more provocative suggestions dealt with the ability to al-
ter existing text (5pﬂciticaily, to change one's earlier comments). In its
present form, FORUM has an implicit reverence for comments entered by an
individual. These entrics are indiscriminately frozen in the form in which
they are entered. Certainly this practice has a real value if one wants to
review the chronological development of a conference. However, in other
cases, this might place unnecessary pressures on each user. (What you say
had better be good, bucause it's going to stay there!) The ISI people sug-
gest that some flexibility should be considered, and indeed FORUM now al-
lows increased freedom in this regqard.

Most of tiie group mebers had adjoining offices and they saw each other
daily--usually in face-to-face meetings--to discuss the research. The Lkasic
relationship between FORUM and these face~to-face meetings iz discussed in
the following comments:

"The main issues in the group were not really discussed in FIRUM.

FORU*i was sort of the key that started the interaction. (It showed

vhere ideas were coming together or diverging.) It kept people out
of c¢vervbody elze's iweir. We vere able to work independently. I
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think we got about three times as much work done because of this.
But it's so hard to know what the effect of FORUM was because we
were interacting in so many different ways at once."

"In general, when we talked, we talked face-to-face." .

"I have this feeling that it has cut the face-to-face communication
(at least for me). And the communication is still quite adequate.”

“Having this feature [FORUM] really was a nice addition to the group,

and I think it kept them moving pretty well."

Since FORUM was rarely used as an interactive medium in this particu-
lar ~ase, its effects on group dynamics were necessarily indirect. Distri-
bution vf the hard-copy transcripts encouraged this ncninteractive style.
FORUM sti1ll had an effect, but it ceme in such areas as the following:

"I can't think of any effects on the group which actually came from

FORUM usage, except that we have a good transcript. It makes writ-
ing the report much easier."

"One of the uses for the thing [FCRUM] is in the ability to catch up
with the progress of the group for newccmers."

"FORUM structured things much more explicitly."

"You don't get tnc personality conflicts in FORUM that you do in
face-to-face meetings."

"I didn't see too many individual things going into FORUM which

hadn't been tested out in face-to-face meetings. A lot of what went

into FORUM was well filtered by individual group meetings. Occasion-

ally somebody would put in a response, but the things which were put

in were usually hashed out in group meetings."

The style of FOIJM usage will always affect +le kind of group process
which develops. In this case, the¢ note-vad style seemed to limit the direct
effect of FORUM on the group process. Since .ittle direct communication was
done via FORUM, the effects were reveaied more in the area of group perform-
an~e than ygroup dynamics. The group generally felt that FORUM had increased
their productivity, though they did not perceive any strong impact on group
interaction. The one exception to this observation involved effective com-

munication between groups, which all felt was enhanced by FORUM.
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C. INHOUSE APPLICATIONS

Figure 10 shows the development of FORUM usage at the Institute for the
Future from August 1973 to February 1974. The purpose of this experiment
(in which nearly a thousand entriecs were recorded) was to use the Instjtute
itself as an initial test of the effectiveness of teleconferencing in long-
termm group cormunication. The use of FORUM in this connection ias both syn-
chronous and asynchronous, and access was fram bcth home and offirse terminc .

A special study of an inhouse FORUM staff-meating conference was con-~
ducted by Arthur Hastings, a consultant to the Institute, who analyzed the
period from 27 Septeuker 1973 to 4 January 1974. An inspection of the tran-
script suggests that the conference can be divia»d into several categories
reixting to the project. These are indicated in Figure 11, along with the
percentaje of entries in each categorv.

Different categories might cut across those which are listed, a fact
which should be remembezred in any appraisal of the uss of FORUM. For exam-
ple, the cateyories do not fully reflect the social dimension ¢f the ex-~
changes, such as friendly ceorments and personal exchanges which were often
parts of topic discussions. _Nor do thay specify the actual topics of dis-
cussion. However, in excmining these particular categories, we can see how

the stuff used the medium as part of its project responsibilities.

Rerorts from Staff Away from the Institute for the Future

Two staff members did extensive traveling during the period of this
staff meeting conference. They took terminals with them on their trips and
submitted reports on their activities from those locaticns into the FORUM
conference. The highest proportion of entries in any category was from such
reports. The value of this reporting, according to comments from other
staff wembers, was its immedicte availability for the other staff members
to read and to offer responses.

This use has the rurther advantage of enabling the participant to form-
ulate a .iew of his activities and put them into hard-copy form which is al-
ways accessible for his own use. Further, one researcher commented that he
and another staff membor hod attended the sume mecting and it was only when
ecah reported on the weeting via FORUM that they realized each had diflerent

recollections of some of tiwe events of the meeting.
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Figure 10. Growth Curve for Two Institute Conferences
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Reports from staff members while away from
the Institute 38.12%
General comments 8.3%
Con