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NASA TELECONFERENCING PILOT PROJECT
(AN EVALUATION OF TELECONFERENCING AS

A SUBSTITUTE FOR TRAVEL)

Samuel W. Fordyce
NASA, Washington, D.C.

Summary.—NASA conducted a Pilot Project during 1975 and 1976 to determine the
extent that teleconferencing could replace travel to meetings. The network consists of
approximately 34 teleconference rooms and 50 fast facsimile machines, all interconnected
on private lines to a master switchboard in Huntsville, Alabama. In addition, portable
conference telephones augmented the voice network, and experimental video
teleconferences were tried.

Evaluations show that the teleconferences “saved” travel costs approximating 21% of the
travel budget at a communications cost of 3% of this budget. The unused travel funds
were diverted into travel other than to management meetings, and consequently,
coordination may have improved.

This paper discusses the operation of the Pilot Project, which has matured into an
operational teleconference network. This experience may be of value to other
organizations wishing to adopt teleconferencing.

Introduction.—NASA programs involve 25,000 government employees and more
industrial contractors in multiple widespread locations. To improve coordination and
reduce the need for travel to management meetings, a teleconference network was
developed for the Apollo Program. Prior to a meeting, graphics and written material were
transmitted to all participating teleconference rooms via a facsimile network. During the
teleconference, all participating rooms were equipped with voice-actuated microphones
and interconnected via a wide-band switch at Huntsville, Alabama.

At the start of 1974, these networks were expanded to include all major NASA
installations and a two-year Pilot Project was conducted to determine the extent that
teleconferencing could substitute for travel to management meetings.



The purpose of this paper is to report on the results of these trials, and to make
observations which may be of interest to other organizations planning teleconference
networks.

The NASA Teleconference Network.—The current voice teleconference network
shown in Figure 1 connects 34 teleconference rooms interconnected through the Marshall
Space Flight Center (MSFC) switchboard at Huntsville, Alabama. The teleconference
rooms on the 4-wire switch use voice-actuated “live” microphones. Some of these
teleconference rooms use Bell-50A portable conference telephones on 2-wire dedicated
circuits switched through the MSFC Centrex. All centers were provided with several of
these portable conference telephones, which can use the FTS or DDD circuits as well as
the dedicated circuits, provided a special jack has been installed.

All teleconference rooms can use projectors to display visual aids, e.g., graphs and
figures. If the teleconference involves a display of figures or documents, these can be
delivered prior to the teleconference and made into transparencies suitable for projection.
For small audiences, the hard copy versions of these figures are adequate.

To enhance the delivery of these figures or graphical material, a facsimile network was
provided to augment the teleconferencing voice network. The current facsimile network
with 50 terminals is shown in Figure 2. These fax machines are often used to send
administrative correspondence as well as material for teleconferences.

Installation and Operation.—The audio teleconference rooms consist of at least six
microphones actuated by 4A switching plus loudspeakers with a WA7400038 conference
terminal. The Pilot Project leased the additional terminals but did not pay for the
conference rooms or their furnishings. Consequently, the acoustics of the rooms varied
widely. After a series of poor results with microphones in the ceiling (sometimes located
close to noisy air conditioning outlets) lavaliere microphones were added in some
locations. The most successful rooms used “close-speaking” table microphones rather
than ceiling mikes. Close-speaking (1 to 5 feet) microphones would be recommended for
any future installation.

The Bell 50-A portable conference telephone proved successful for small conferences (6-
12 people per terminal). If only two or three terminals were involved, the FTS lines were
usually adequate.

Because of scheduling difficulties in which the formal teleconference rooms were
preempted, attempts were made to provide a back-up teleconference room to all primary
rooms. A separate room with a Bell 50-A unit makes a good back-up. A switch can
enable this back-up room to use the private line connecting the primary room.



Projection facilities were required in all teleconference rooms. The larger rooms have a
projectionist and multiscreen back projections of view graphs. However, a single screen
and a view graph (transparency) projector are adequate. Terminals with only a few people
can use hard copy fax rather than projected graphics. A fast facsimile machine (Rapifax)
was located near each conference room.

The switchboard operators at MSFC can “patch” any telephone into the teleconference,
and this is occasionally used to reach people in offices or homes not normally connected
to the teleconference network.

The network performance is better if all participants use terminal rooms connected by
private wire. However, there seems to be a reluctance of people to travel more than
several hundred feet to participate in a teleconference. Unless the conference room they
normally use is equipped for teleconferences, they seem to use teleconferencing
infrequently. Large integrated programs can mandate teleconferences for program
personnel, but voluntary teleconferences are rarely initiated by people who must travel
further than walking distance and use someone else’s teleconference room.

Teleconferences work better if an agenda is distributed before the meeting, and if the
teleconference coordinator rigidly adheres to the schedule.

Travel.—NASA has approximately 25,000 employees, most of whom are located in
Headquarters or in eleven Field Centers in the U.S. The total NASA budget is
approximately $4 billion/year, and the travel costs have been relatively constant at a level
of approximately $16 million/year. This pays for the transportation and per diem costs of
NASA employees.

The travel cost of NASA contractors is probably several times this amount. Some of the
major NASA Programs have provided teleconference terminals at their contractors, and
these terminals have been among the busiest of the network.

The average trip of NASA employees lasted 3 days and cost $319 in late 1976.
Approximately 14 hours of working time are lost per trip, which costs $200.

Travel patterns vary widely, and most organizations would travel more if funds were
available. The “saturation” level, at which more travel will not result if funds are available
seems to be between 2.5 and 3.0 trips/month. These travelers may be receptive to
teleconferences, and because they are usually in the upper management level, they can
affect the travel of others by scheduling teleconferences.



Evaluation.—For the period of the Pilot Project, each teleconference was asked to
submit an evaluation form. The results from the evaluation forms summarized in Table 1
show that 2,042 evaluation forms were received. A check in 1976 showed that the 811
forms submitted covered 687 teleconferences. The average reported teleconference
included over 3 terminals, lasted almost 3 hours, and involved 24 people.

The average number of trips reported saved per teleconference form received was 3.89.
The average trip cost $309 in 1975 and $316 in 1979. The reported total cost avoidance
of travel saved through teleconferencing is $2½ million.

The reliance on submitted teleconferencing forms has shortcomings. In 1976, we received
only 38% of the forms we could expect if all identified terminals had reported. Similarly,
in 1975, only 37% of the identified terminals submitted forms.

The attendance at teleconferences reported by evaluation forms is plotted by month for a
two-year period on Figure 3. On the assumption that only 37% of the teleconferences are
reported, and the unreported teleconferences have the same attendance as the unreported
ones, the estimated total attendance is shown as the dotted line on Figure 3.

The average reported teleconference also reported saving 3.89 trips. This represents a
travel cost avoidance of $1,216 per teleconference, or $50.44 per reported attendee.

Using the same multiplier on the reported trips saved and travel cost avoidance (since
only 37% of the identified teleconference terminals submitted evaluation forms), the
estimate of annual travel cost avoidance through teleconferencing becomes approximately
21% of the NASA travel budget. However, these funds are rarely returned, but apparently
used for travel other than to management meetings, e.g., for travel to inspect hardware,
facilities, techniques and to enhance coordination.

Some use of the teleconferencing facilities was made by administrative organizations
which do not normally travel. These organizations have been conducting business with
each Center via telephone, but used teleconferences to meet with their counterparts at all
Centers simultaneously.

These uses appear to improve coordination within NASA but are unlikely to result in
returned travel funds. Any improvement in coordination is difficult to measure
quantitatively, and no attempts were made to do this in the Pilot Project.

Facsimile Network.—NASA has two fax networks which transmit approximately
65,000 pages per month. The slow-speed (4-6 min/page) net has 167 terminals, uses FTS 



circuits, and is used for administrative correspondence. The fast fax net was installed to
augment teleconferencing.

The monthly cost of pages transmitted includes the rental of the terminal, plus the lease
cost of the dedicated circuit to the MSFC switch. The average cost per page for the entire
network is 63¢. The actual costs are higher, because of the cost of paper and ink
(~ 5¢/page), and the labor cost of feeding the machine.

Because of many assumptions which must be made to assess the cost per page, the
formula shown below may be helpful. The cost per page (C/N) is expressed as:

C/N = B/N(CL + TL) + Pc/B + a t(Cc + ULe)
where

C/N is the cost per page
CL is the circuit lease cost per month ($475 in the NASA network)
TL is the terminal lease cost per month ($360, and $42.50 for fast and slow fax,

respectively)
N is the no. of pages transmitted per month
Pc is the paper and ink cost per page (5¢)
a is the ratio of the time required to complete an FTS call divided by the time

required to complete the same call over a private line (1.5)
t is the average time required to transmit a page in minutes (including dial-up time)

(6 for slow fax, 1 for fast fax)
Cc is the circuit cost per minute for a non-leased line, and (14¢)
Le is the labor cost of the operator per minute (16.7¢)
B is the fraction of pages received in the broadcast mode (½), and
U is the fraction of pages transmitted in an unattended stack (½).

with these assumptions, the cost per page is plotted as a function of the traffic for various
combinations of fax terminals and circuit arrangements. The average cost per page in the
NASA teleconference fax network was 71½, including everything listed here. (see Fig. 4)

Video Teleconferences.—Slow-scan video was used to transmit pictures from the
surface of Mars arriving in Pasadena, California to the Langley Research Center in
Hampton, Virginia.

Since the pictures required 20 minutes to reach Earth from Mars, the additional delay of
150 seconds for slow-scan video was not objectionable. The high cost of the terminal
equipment ($70,000 per pair) ruled out their inclusion into the operational network.



Commercial quality video teleconferences have used the Communications Technology
Satellite (CTS), an experimental satellite developed jointly by NASA and Canada’s
Department of Communications. The high-power transmitter on CTS can deliver
television to a terminal as small as 60 cm. in diameter at a 12 GHz carrier frequency. It has
capability for duplex (two-way) video signals, and has been used for video conferences
between NASA Field Centers near Washington, Cleveland, San Francisco, and a Portable
Earth Terminal mounted on a bus.

The CTS has two TWT Transmitters (with bandwidths of 85 MHz and output powers of
20 and 200 w. at 12 GHz) operating with two independently gimbaled 70 cm. dia
antennas. The maximum power flux density in the “footprint” is approximately -110
dBw/m2 . The Earth Stations use 4.5 m. diameter antennas and 1.6 kw klystron
transmitters.

Several video teleconferences have been conducted each week. The emphasis to date has
been on the technical aspects of video teleconferencing. More problems have been
experienced in obtaining good audio than the video, but these have been improved by
using close-speaking microphones. The availability of the portable studio in the van has
enabled video conferences to be held in relatively remote locations. A promising use of
such portable stations is to provide video coverage of special events such as test flights
and rocket launches.

Future Plans.—The NASA Teleconference Network has become operational, and the
monitoring of its use has been curtailed (except for the fax terminals). Four electronic
blackboards will probably be added to Shuttle Conference Rooms in 1977 and evaluated.

The fax network may be augmented by the installation of faster terminals (approaching
1 page/sec) and wide-band links via communications satellites. The video teleconference
experiment will continue, and increased use is planned for the portable terminals to cover
special events in remote locations.

Conclusions.—The NASA Pilot Project has developed a nationwide voice and data
teleconferencing network which has been successful in reducing the need for travel to
management meetings and in improving coordination. The experience gained in the
development and operation of this network may be useful to other organizations wishing
to adopt teleconferencing.







TABLE 1
NASA TELECONFERENCE EVALUATION

BASED ON SUBMITTED FORMS



FIG. 3   REPRESENTATIVE COST PLOTS ON FAX MAIL IN NASA
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