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SUMMARY

The purpose of this report is threefold. We define electronic mail and
describe its characteristics. We compare electronic mail to telephones and
the U.S. Postal Service (USPS). We conduct an economic analysis of these
alternate forms of communication.

While we start with the most general definition of electronic mail (EM)
as "the delivery of messages by electronic means," we trace the evolution of
an operational definition by discussing three successive stages of EM. First,
EM is an alternate to physical and verbal message delivery. Second, EM
involves the capabilities of directly receiving and sending messages at a
terminal and directly obtaining a printed copy of both messages, where
"directly" means without the use of an intermediary. Third, EM necessarily
involves computers and computer-related technologies to allow for the
processing and handling of messages before and after transmission. We
conclude by recognizing the impact of new and existing technologies on this

operational definition.

The cost justification analysis for electronic mail is approached in
terms of hardware and investment costs, direct out-of-pocket costs, and
qualitative or "soft" factors. The initial investment for a dedicated,
EM-only system can be substantial and is often difficult to justify.
Consequently, and based on current trends in office automation, we assume that
electronic mail is acquired as an addition to a system with some other
"backbone" application. When amortized over time, this marginal cost is

negligible relative to the dedicated alternative.



For direct and qualitative benefits and costs, we compare electronic mail
to its major established alternatives, postal services and telephones. EM
will soon be or is already cost competitive when considering direct costs.
Qualitative factors are divided into six time factor and seven general
characteristics. The telephone and EM are rated equally when connect,
delivery, and reply time are considered, while the former is better in terms
of convenience. The USPS had a top rating in only one time category, the
interruption factor, which it shared with EM. Electronic mail is rated
highest in geographic freedom, records, filing, and one-to-many
considerations; the USPS in records and integrity/validity; and the telephone
in tone of voice. However, these ratings cannot be compared without using
value judgements of the end user.

In sum, EM has many of the advantages of telephones and the U.S. Postal
Service with fewer of their disadvantages. The major weaknesses of EM stem
from its relatively recent introduction and consequent unproven cost
effectiveness and lack of standards. Most, if not all, of these problems are
expected to improve with greater use and acceptance. Overall, the three
alternatives are viewed as complements, since each has advantages and
disadvantages that make it better suited for an individual user's needs. No
single service will replace the other two; instead, each will to serve a

particular market segment.



INTRODUCTION
The objectives of this report are: (1) to provide a definition of
electronic mail, including a description of its characteristics, (2) to
compare electronic mail to the telephone and the U.S. Postal Service and, in
doing so, (3) to conduct an economic analysis of these alternate forms of

communication.

Office automation has recently been the focus of much attention. This
movement has centered on efforts to increase productivity of managers,
professionals, secretaries, and other white collar workers. For instance,
word processors can reduce a secretary's work time by over 30 percent
(Konishi). Office costs are rising faster than costs in any other sector of
business operations (Connell), yet less than $0.05 is spent on office
automation technology for every dollar of the $600 billion spent annually on
knowledge-worker salaries and internal support costs (Ross). Further, 53
percent of all workers are white collar, and past emphasis on their blue
collar counterparts leaves little leeway for productivity improvements in that
area (Goldfield). Attention is thus being placed on increasing professional
productivity to reduce escalating costs and, in doing so, to improve corporate
profits. In the nonprofit arena, costs can similarly be reduced to provide a

given level of service, or greater output might be obtained for a given level

of costs.

A defining characteristic of white collar workers is that they often deal
with information instead of physical products. The effective management of
information is essential to decision making in both the private and government
or nonprofit sectors. Information is of no value in itself, but the timely
transfer of the right information to the right people can provide not only a
competitive edge, but the critical ability of keeping one step ahead of a

rapidly moving environment. At the firm or industry level, organizations are
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also larger and more geographically dispersed. Subsequently, typical decision
makers require better and increased communications with more persons situated
over a broader area to meet their information needs.

Messages and their informational content are conveyed via a gamut of
methods and technologies but two modes, telephones and mail/postal services,
are predominant. More recently, electronic mail (EM) has appeared as an
up-and-coming third mode. It can be considered a totally new medium of
communication, but to call it an alternative to the telephone, the U.S. Postal
Service, or even carrier pigeons may be totally missing the point. Although a
viable substitute, the real strength of electronic mail "lies in its ability
to provide management with all the information it needs about everything that
is happening everywhere, the direction in which other members of management
are thinking and blow-by-blow accounts of decision-making processes, all
without recourse to the telephone or interminable meetings" (Sharp).

Electronic mail is cited by Connell as a good example of the impact of
computer networks on information technologies and of how the distinctions are
blurring as word processing, telecommunications, data processing, and
computerized storage are integrated. Four factors were cited as driving
forces for the growth of electronic mail in the United States during the
Seventies (Callahan & Norris)l and concurrently, the improvement of white

collar productivity:

1Canada, England, France, Germany, Austria, Italy, Holland, Brazil, Japan,
Singapore, and others are also listed as having electronic mail (Hindin).

- 4 -



1) The technology making large EM networks possible.

2) Large-Scale Integration (LSI) made it economically feasible to produce
the components that were technically possible. Examples are
processors, terminals, and communications interfaces.

3) The belief that organizations must communicate more effectively to
compete, coupled with the growth of larger and more geographically
dispersed organizations and operations.

4) The advantage of communications speed in competition.

In the late Seventies and early Eighties electronic mail has attained a point
where "a rash of transmission services have been developed to support it"
(Edwards) .

Thus, although part of a larger overall effort towards office automation,
electronic mail has grown to a separate technology in itself and will
apparently continue to grow and be an integral part of the modern world. But
what is "electronic mail"? How does it compare to conventional communications

media? What costs and benefits are involved? Does EM in fact improve

productivity? This report addresses these and similar concerns.



ELECTRONIC MAIL DEFINED

The term "electronic mail" has been used by different authors at various
times to describe a number of systems including Telex-TWX, facsimile, computer
based message systems, Electronic Computer-Originated Mail (ECOM),
communicating word processors, voice-store-and-forward systems, personal
message services, electronic message services, and computer teleconferencing
systems. Depending on the particular definition and usage, each is electronic
mail in its own right. Each might also be viewed as an evolutionary branch or
stage of EM. Some are competitors, some novelties, and some different
variations of electronic mail today. Still others may be prototypes of future
systems. Nevertheless, this section presents an evolutionary definition of
modern electronic mail by following the historical trends in EM. Its purpose
is to review the technologies that have historically been called "electronic
mail" and concurrently, to work from this broad base to a more concise
definition applicable to electronic mail today and suitable for the analyses
in this report.

A sweeping definition of electronic mail is "the delivery of messages by
electronic means." Since even the telephone, radio, and television qualify by

this standard, we must refine this definition. We do so in three stages.

Definition Stage 1

Electronic mail is initially defined as the delivery, via electronic
means, of messages that would otherwise be physically or verbally transmitted.
This explicitly excludes postal services and the telephone although we do not
imply that either will be replaced by electronic mail. EM will more likely be
a complement by substituting in areas like information management in which the

world has very little prior experience, i.e., where other communications media



are inadequate. Two types of "electronic mail"™ included under this definition

are teletypes and telecopiers.

Teletypes. The technology for electronic mail in the sense of
definition stage 1 has existed ever since the telegraph was used to deliver a
message between Washington and Baltimore in 1844. The more modern version of
telegraphy is the teletypewriter, which transmits messages between locations,
or point to point, as strings of characters. Teletypewriter terminals were
first made available on the customers' premises by AT&T in 1931 under the
tradename TWX (Panko, 1979). 1In 1959 the Western Union Telegraph Company
entered the market with the European development called Telex (Teleprinter
Exchange Service). Both services were combined in 1971, when the Federal

Government forced AT&T to sell TWX to Western Union.l

Today, teletypewriters are widely used in private teletypewriter networks
(PINs) for intracompany communications and for Western Union's message
services, including Telex-TWX, telegrams, Mailgrams, Money Orders (electronic
funds transfer), and Cablegrams (international telegrams). Telex alone has
140,000 subscribers in the United States (including 483 of the Fortune 500
companiesz) and 1.5 million in 154 countries around the world (Western
Union Telex), yet the demand for PINs is considerably greater than the demand

for Western Union's public common carrier services (Panko, 1979). One PTN

lDespite the sale, AT&T (at least in 1979) remained the dominant company in

the teletypewriter market due to its positions in the transmission, terminal,
switching, and other segments of the large private teletypewriter network (PTN)
market for business & government.

2Edwards estimates that 70% of the Fortune 500 will have EM by the early

Eighties, perhaps reflecting a difference in definitions of electronic mail.



example is Hewlett-Packard's internal forms processing system. In 1977 it
linked 74 locations in the United States, Europe, Japan, Singapore, and other
locations with a volume of 23 million messages (85 percent forms, 15 percent
narrative) . The approximate cost per message, including hardware

- (Panko, 1979). As for Western Union, over $500

amortization, was $0.05
million, or 85 percent of its 1977 revenues, came from electronic mail
services. A more detailed breakdown shows Telex-TWX to have contributed 40
percent of total revenues, telegrams 11 percent, Mailgrams 9 percent, and
Money Orders 8 percent (Washburn).

Two more recent entries with some similarities to Mailgram are the U.S.
Postal Service's INTELPOST and ECOM (Electronic Computer-Originated Mail)
systems. The first uses electronic means to transmit messages
internationally, with next day delivery by hand. ECOM messages must be
delivered to one of 25 domestic serving post offices (SPOs) where a computer
assembles, addresses, sorts, and electronically transmits mail to the
destination SPO. There, messages are printed, collated, folded, and stuffed
into envelopes. Mail then enters the first class system for next day
delivery, and almost always within two days of receiving the messages.
However, the service is aimed at bulk mailings. Although costing as little as
$0.26 per message (depending on volume and with a two page maximum), a minimum

of 200 letters is required per mailing. Prices can easily rise to $1.10 per

piece (Edwards; Anon., 1982b; Gordon; Anon., 1981b; Washburn).

lIt is not clear whether HP later upgraded this system. Panko later refers
to the COMSYS mail system (marketed commercially as the HP2060) with a hardware
cost, including terminals, of $0.50/message (Panko, 1981). Garcia Luna Aceves, in
referring to a HP2026 network connecting 200 HP centers in over 15 countries,
cites average transmission costs of $0.01 for domestic messages and $0.08 for
international messages with an average message length of 600 characters.
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Telecopiers. While teleprinters transmit just characters, telecopiers,
also called facsimile or fax, reproduce the entire page by optically scanning
the document, converting the image to an =lectrical impulse, and transmitting
the information via telephone line to be reproduced on a similar machine at
another location. Facsimile might be viewed as being essentially two
photocopiers, where the copy is produced at a remote location connected by
phone line to the originating machine. Like a photocopier, material for
facsimile can include pictures, graphics, handwritting, and text in any
alphabet, providing for operator convenience and enhanced throughput
capability (Raag).

Although facsimile in a crude form was invented in 1842, it was limited
to special applications prior to the late Sixties because of its slow speed
and high cost. For transmission alone, users paid long distance rates at four
to six minutes per page. With new technology like computerized data
compression and wideband transmission, this time was reduced to the
neighborhood of 10 seconds per page. High-speed fax subsequently experienced
rapid growth, primarily as a replacement service for private teletypewriter

networks (Edwards; Panko, 1979).



Definition Stage 2

Many of the EM candidates listed above are eliminated by definition stage
2: electronic mail involves the capabilities of directly receiving
communications at a terminal, using the terminal to directly respond, and
being able to directly obtain a printed copy of both messages. Communication
should flow directly from sender to receiver without being handled by a human
intermediary, implying that terminals be physically located in the immediate
vicinity of EM end-users. Teletypes and fax thus may or may not represent
electronic mail, in the sense of definition stage 2, depending on the physical
location of the terminal. Machines located in a central mailroom or
"communications center" are not EM, since access by end-users is via indirect
means—the center staff. Conversely, terminals located in the end-users'
offices are IM. Although the end-user may delegate actual access to a
subordinate, the capability of direct use still exists.

Stages one and two are traditional definitions that focus on electronic
mail being just a transmission medium, although transmission can now represent
only a fraction of the total cost of a message. EM uses today require that
the concept be extended to include the processing of communications (Panko,
1979). This limits EM to two forms: the systems discussed to this point,
involving dedicated machines like Telex and facsimile whose sole function is
transmitting and receiving messages, or nondedicated machines where

transmission is just one of several integrated capabilities of a system.

Definition Stage 3

The position taken in this report is that the nondedicated, multipurpose,
computer based system represents the electronic mail that will better serve
the information needs of the modern world. The third stage of our definition

therefore explicitly recognizes (1) the role of computers and
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