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The fax machine traces its origins to the 1840s and has followed a fascinating trail to the present. My focus 
today is how the Japanese government encouraged the development of fax technology in the 1970s. State action 
proved critical in creating and adopting the Group 3 digital standards in 1980. For the first time, every fax machine 
could communicate with every other machine, regardless of the manufacturer, making the fax boom of the 1980s 
possible. The significance of the Japanese government's role is not just its success, but also its use as a good model 
of how governments can influence the agents shaping technology.

Let me begin by sketching a short history of facsimile technology. The concept of the fax machine, sending an 
image electrically over a distance, has not changed since British clockmaker Alexander Bain patented the first 
facsimile machine in 1843. An image is scanned, transmitted, and reproduced. What has changed are the enabling 
technologies and environment.

Faxing has always been a high technology, demanding the most sophisticated and precise mechanical, electrical, 
and electronic components available. Its history reflects the evolving state of what engineers and businessmen 
considered the technologically and economically feasible.'

Unlike a photocopier, which is a self-contained freestanding technology, a fax machine requires another terminal 
before it can function. In reality, this meant that early fax machines were primarily used in internal networks 
established within corporations and government.

Until the late 1960s, most fax machines operated in small, niche markets where the need to receive imagery 
outweighed the high cost and effort. This equipment was usually specially designed. The main customers were 
newspapers which faxed photographs, police agencies which faxed fingerprints and photographs, and Post, 
Telegraph and Telephone administrations (PTTs) which faxed facsimiles of telegrams.2

The first fax equipment designed for general business and government use appeared in the late 1960s. Designed 
and built by Xerox and Magnavox, these early systems required six minutes to transmit a page. Although a second 
generation, introduced in the early 1970s, required only three minutes to transmit a page, diffusion proceeded 
slowly in the United States and Japan.

One significant cause for this slow growth was incompatibility among the machines of competing firms. This 
inability to communicate usually was caused by different communication algorithms. Manufacturers faced a 
dilemma: The attractiveness of faxing increases with the availability of other machines to transmit and receive 
messages. But offering a compatible product meant surrendering the chance to dominate the market with a 
proprietary machine. The result was a market fractured by incompatible machines. Because users could not 
communicate with certainty, the attractiveness of faxing decreased.

In the broader development of fax in Japan, four chronological stages exist: the 1920s-30s development of an 
indigenous system used for newspaper telephotography; independent development of a technology base in the 
1950s-70s; contracting and codevelopment with American firms in the late 1960s-70s; and, worldwide domination 
of development and manufacturing of fax machines in the 1980s, a domination that continues today. Fax 
technology was of particular relevance to Japanese society. Its pictographic language of approximately 100 
hiragana and katakana and over 2,000 ideographic characters does not easily fit into the regime imposed by 
Western telegraph and telex systems. The twenty-six letters of English can be coded much more easily.

This paper focuses on the key years of the 1970s when the Japanese government pushed the technological expertise 
o f domestic fax manufacturers and the telephone companies into creating a common standard. Several groups of 
actors were involved in this story. On center stage stand the Ministry of Posts and Telecommunications (MPT), 
responsible for telephone regulation, and, a bit behind it, the Ministry of International Trade and Industry (M1TI), an 
avid promoter of industrial development.

Flanking them are the semi-governmental Nippon Telephone and Telegraph (NTT), which operated the domestic 
telephone system, and Kokusai Denshin Denwa (KDD), which controlled international connections. Surrounding 
them are the manufacturers of fax equipment and their trade group, the Communications Industry Association of
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Japan (CIAJ). Hovering offstage but casting a quite significant shadow is the International Telegraph and 
Telephone Consultative Committee (CCITT), which set international telecommunications standards.

When Americans think of Japanese industrial policy, MITI immediately comes to mind.J In fax, however, MITI's 
role was secondary. Far more important was the Ministry of Posts and Telecommunications (MPT). As well as 
funding research and serving as a major customer, MPT pushed the major Japanese actors to agree on a single 
Japanese standard that became part of the G3 international standard in 1980. The ministry also provided a neutral 
testing arena for equipment and standards. Its actions demonstrate the potential and failure of a state industrial 
policy.

NTT and KDD controlled access the domestic and international Japanese telephone lines. Both had conducted fax 
research since the 1950s and operated dedicated fax circuits.4 By 1975, NTT was the world's largest facsimile 
researcher.5 NTT's laboratories served as an incubator of fax technology with their long-term approach, growing 
investment in R&D, and cultivation of young engineers and scientists. In a manner reminiscent of the development 
and forced diffusion of the American System of Manufactures among the gunsmiths of New England in the early 
19th century, the NTT R&D laboratories educated generations of fax engineers who often moved to private 
industry.6

Four firms—NEC, Oki, Fujitsu, and Hitachi-developed such strong links with NTT that they were called the "big 
brothers.”7 These and other manufacturers conducted their own R&D, competed for contracts to develop and build 
equipment for NTT and KDD, worked with American firms, and sold equipment for private use. Through 1980, fax 
manufacturers came from the world of communications and photocopier equipment. After 1980, new competition 
entered from home and office electronics manufacturers.

Formal CIAJ interest in fax began in November 1976 when it formed investigative and research committees, the 
former to look at the development of a commercial market and the latter to promote standards. Sixteen corporations 
joined the committees to establish their common interests.8

The CCITT, which is part of the International Telecommunications Union, a UN agency, began studying standards 
for general-purpose fax machines in the mid-1960s. Its Group 1 and 2 analog standards for the six- and three- 
minute machines, established in 1968 and 1974, were more ex post facto  recognition of existing market patterns 
than independently established norms. Consequently, they did little to solve the problem of incompatibility.

The CCITT acted more aggressively in setting the Group 3 digital standards. Unlike previous standards, Group 3 
preceded significant investment in equipment. For the first time, every fax machine could communicate with every 
other machine, regardless of the manufacturer.

Technological development is not a simple, predictable task. Commercialization may take decades and proceed 
through many different market niches and failures before succeeding. The development o f technologies occurs in 
environments filled with uncertainty, limited resources, and competing technologies and services. Two perennial 
challenges are how to choose among competing technologies and how to balance an existing technology and its 
vested interests versus the unknown potential of a new technology.

One way of guiding that development is to shape the environment. Of the five major roles governments can play in 
shaping the evolution of new technologies and services—buyer, promoter, operator, regulator, and standard setter, 
the first four categories have received the most attention because they are the most visible.9 For fax, however, the 
last two categories were more important because they created a framework in which market and technological 
forces could work most efficiently and beneficially.

Govermnents create industrial policies, both purposefully and inadvertently, that shape the path of technologies.
The Japanese government is more overt and systematic than most governments, and, after World War II, less 
influenced by military concerns.10 The policies of European and American governments were more laissez-faire 
and protective o f existing technologies than encouraging the promotion of new technologies.
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Unsurprisingly, the largest and most impressive state attempts to promote a civilian fax industry occurred not in the 
United States or Europe, but in Japan. The Japanese government, following its basic industrial policy, created an 
environment that encouraged both domestic cooperation and competition.11

The Japanese government helped shape both the macro-environment for telecommunications and a micro
environment for fax technology. The former consisted of regulations for the telephone system and the creation of 
national visions o f a technologically defined future. The latter consisted of MPT's efforts to promote a viable fax 
industry and R&D by the two national telephone corporations.

Since 1968, visions of a future "information society" (joohookai shakcti) have appeared from various parts o f the 
Japanese government, including the Economic Planning Agency, the MITI Industrial Structure and Information 
Society Councils, and the MPT Telecommunications Policy Council. In communications, NTT and MPT promoted 
their Teletopia scheme as an alternative to the MITI "new media communities" proposal for diffusing the predicted 
benefits of the new information order throughout Japan instead of being concentrated in the Tokyo-Osaka 
corridor.12

The common assumptions behind these reports was the necessity to develop and apply new computer and 
communication technologies for the future economic and social well-being of Japan.*3 This visionary perspective 
was not a government monopoly. Koji Kobayashi, who joined NEC in 1929 and rose to become its director, avidly 
promoted the integration of computers and communication,14

Despite the intrinsically greater Japanese need for fax compared with a Western society and these future 
"infotopias," it is important to recognize that fax never received pride o f promotional place. The visions o f the 
future and white papers of the present mentioned fax, but always viewed it as a sideshow to other information 
technologies like multimedia. In a sense, fax's spectacular growth occurred underneath the eyes of a technically 
oriented intelligentsia whose attention was elsewhere.15 In this sense, fax was a "normal" technology, not benefiting 
from special state attention like the much-ballyhooed fifth generation strategic computing initiative or the 
CAPTAIN videotext system.16

The major customers were, until the late 1970s, confined to small, special purpose niche markets. Government 
offices probably were the biggest largest users of fax equipment, like the United States. Several government 
agencies employed fax to transmit information and images in the 1950s, including the Meteorological Agency to 
send weather maps and marine charts, the National Police Agency to send fingerprints and photographs, and the 
railroads to supplement their internal telegraph system.17 In 1968, local governments began to use fax to send 
documents, such as family registries, between the main office and branch offices.

The police were avid users of fax. The National Police Agency used leased lines to fax documents and imagery, 
particularly fingerprints, among district and national headquarters. The number of fax machines grew from 120 in 
1960 to over 1000 in 196! as large district stations installed the transistorized equipment.18 The adoption of fax for 
police communications was aided considerably by the fact that Japan had a national police force, thus increasing the 
need for long-distance communications and allowing selection of standardized equipment for a larger market. As 
an indication of how niche-based fax was, the 1972 meetings MPT held to discuss the deregulation of the telephone 
system included the National Police Agency because it was such a major fax user.19

Outside government agencies, newspapers were the major consumer, using fax to transmit photographs.20 One way 
to increase the attractiveness of faxing was to offer a service so customers did not have to pay for the equipment and 
maintenance. Partly because of the high cost of the equipment but also because of a philosophy of total control o f 
all equipment used on telephone circuits, common to telephone administrators worldwide, NTT from the 1950s 
through 1990s has promoted such public fax services.

In December, 1958, NTT opened a business fax service at its Tokyo headquarters to eleven branch offices. 
Transmission took sixteen minutes for a page.21 In the 1970s, this service evolved significantly as NTT 
experimented with low-cost fax terminals for businesses (Mini-Fax) and a much more sophisticated fax network.
The latter entered service in 1981 as F-Net.22

3



Two developments transformed the world of fax in the early 1970s: telephone deregulation and the technological 
feasibility of digital facsimile. The growth in fax applications after 1970 owes a great deal to the deregulation o f the 
Japanese telephone system. Historically, PTTs worldwide had restricted access to their telephone systems by 
outside equipment on the grounds of preventing disruptive interference. Some PTTs banned any equipment they 
did not provide. Others mandated that all outside equipment pass PTT certification before it could be connected to a 
telephone.

The 1972 Public Electric Communications Law (kaisho kaeno) eliminated strict NTT restrictions on attaching 
equipment to its telephones, thus enticing companies to expand their R&D efforts or enter this promising field.23 
The number of installed faxes which had hovered at 14,000 since the mid-1960s, increased by half by 1974 and 
continued to grow roughly 20% annually. By the mid-1970s, Japan led the world in fax R&D. By 1980, it led in 
per capita and total fax equipment installed.

One consequence of deregulation was greater ministerial interest in fax. MITI promulgated its "Elevation Plan of 
the Facsimile Equipment Manufacturing Industry” on December 21, 1978, based on the 1978 Temporary Measures 
Law for Promotion of Specific Machinery and Information Industries (Kijoohoo).24 This law provided "not only 
government support for the formation and expansion of the new industries of the information society, but also 
government assistance in creating a market for the products of these industries."25 Whether this plan had any effect 
beyond raising the visibility of fax as a promising technology is doubtful.

Less prominent but more meaningful was MITI's promotion with MPT of a favorable tax policy. Taxation is not a 
minor or arcane issue: Shaping the tax structure to favor the development and use of a technology is a traditional 
and effective form of industrial policy. In 1983, the government clarified the durable life of a fax machine as seven 
years, a decision the CIAJ considered very important to improve the vitality of the industry.26 While this helped 
increase fax leases and sales, the key development, a standard to ensure compatibility among machines, had 
occurred earlier—and its midwife was MPT.

Deregulation paralleled the rapid evolution of a range of technologies, especially in microelectronic sensing and 
computing that promised a new generation of digital fax machines able to send a page in less than one minute— 
considerably less than the six minutes of Gi and three minutes of G2 machines. Indeed, Ricoh introduced the first 
"sub-minute" machine, the Rifax 60027 in 1974 and monopolized this market until Matsushita Graphics introduced 
its UF20S in 1976.

This shift from analog to digital equipment promised major improvements in transmission speeds because the digital 
data could be manipulated much easier. The key technological concern here was the coding algorithm. This 
invisible but critical software, embedded in the computer chip of a fax machine, takes the data from the scanning 
sensor and compresses it for transmission. The two major qualities for a good algorithm are efficiency and 
compatibility. The latter essentially means the transmitting and receiving machines must use the same software.

Efficiency, however, has a more flexible meaning. It is a tradeoff between the compression ratio, transmission 
errors, and the cost and complexity of the equipment needed. The greater the compression of a message, the less 
information is sent and thus the faster the transmission.

If the compression ratio is too high, however, errors during transmission (due to poor quality circuits, interference 
or other causes) may degrade the message. Error-correcting procedures at the receiver can remedy this potential 
problem—but they consume time, thereby reducing the advantage of faster transmission.

The third element of efficiency is the computer circuits that run the software. The more capable the computer 
processing, the faster and more complex the software it can handle. The tradeoff here is between cost and 
capability. In the mid-1970s, firms moved beyond transistors and integrated circuits to LSI (Large-Scale 
Integration) boards.28
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If competing manufacturers produced incompatible equipment, digital fax would suffer the same problem that 
limited the spread of earlier equipment. Eventually, one standard would probably triumph, but only after great 
delay and expense with no guarantee that the best standard would win. The result would be a much smaller market 
because fax machines could not universally communicate with each other.

To hasten this compatibility, MPT followed several paths in the 1970s: funding its own fax network, pushing a 
common standard, and providing a neutral testing arena. The major failure of MPT policy was the development of 
the Administrative Information and Communications Network (AICN), a government telecommunications network 
to provide both a information infrastructure for the government and an initial market for advanced fax technology.

A traditional promotion of a new technology by a government is to buy a product. The government receives 
something and the industry, anchored by a minimum sale, then has the incentive to invest in manufacturing and 
finding additional markets, possibly at lower prices.29 The AICN fax network would have been the largest single 
fax market yet. MPT would finance the development of a digital fax machine and then purchase equipment for 
government offices. By creating this large immediate demand and the promise of a fax machine in every post 
office, MPT's intended to jump-start the digital fax market by giving Japanese fax manufacturers a reason to follow 
this standard.

In 1973, MPT asked firms to prepare prototypes for experiments. This state funding was only a small part of what 
manufacturers spent developing digital fax. Matsushita Graphics received the contract and built equipment around 
the ADMIX communication standard.30 MPT did introduce LETTAX, a fax-mail service, in July, 1981 among 
Tokyo, Nagoya, and Osaka post offices using this equipment. Over the next three years, the explosion of G3 
equipment convinced the ministry to shift to it in an ironic demonstration of its success. In October, 1984, MPT 
offered LETTEX service nationwide in major cities. Three years later, all large post offices had their own fax 
machine, and by June 1991, every post office had a fax machine.31

The crucial contribution of the Japanese government's industrial policy was to provide guiding momentum and a 
neutral arena at this critical time. The Ministry of Posts and Telecommunications pushed the major Japanese actors 
to agree on a single national standard in 1977 by establishing the Facsimile Communication System Study 
Committee. The group contained representatives from NTT and KDD, the ministry, CIAJ, and major fax 
manufacturers. University professors, usually with prior experience in facsimile, chaired the committee and its 
working groups.32

By creating this neutral arena, MPT gave these different groups the opportunity to cooperate and create a single 
Japanese standard. The committee may have been influenced by the model o f the British Facsimile Industries 
Compatibility Committee, established in May, 1972 to formulate standards by competing companies and speed the 
CCITT certification process. The BFICC lacked the academic component but otherwise included ail the major 
British firms and the Post Office. The CIAJ and the BFICC did work together.33

MPT’s timing was critical was critical because the fax industry was splitting into different directions with the sub
minute digital fax technology. Every serious fax firm conducted research and development on coding algorithms. 
Between 1971 and the first half of 1977, 197 papers on digital compression were published in Japan.34 A 1977 visit 
by Bell Telephone Laboratory researchers to five manufacturers, NTT, and KDD revealed promising machines 
incorporating a wide range of new technologies—but incompatible with each other and researchers acknowledging 
the need for a single standard, but critical of the proposed standards while very reluctant to give up their own 
favorites.35

Japanese technical opinion favored discussed two-dimensional codes, a challenging advance from the one
dimensional codes developed earlier in Europe, such as the Huffman scheme.36 A one-dimensional code scans one 
line at a time. A two-dimensional code uses the statistical probability o f similarity between lines to anticipate the 
next line. The latter is more complex and potentially more efficient, hence its attraction.

The "400-pound gorillas" were NTT's Edge Difference Coding (EDIC) and KDD's Relative Address Coding (RAC). 
The 1972 deregulation changed the direction of fax research at NTT from utilizing wideband circuits to the lesser
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capacity of standard telephone lines. This meant an increased emphasis on data compression and sparked the birth 
of EDIC at NTT's Electrical Communications Laboratories.37

The complexity and cost of RAC did not excite Japanese manufacturers. Indeed, no firm adopted it for its own 
equipment. Fujitsu, for example, built the Quick-Fax for KDD, which used RAC, but also designed its digital 
machine, the F6601, around its own algorithm. The Fujitsu engineers acknowledged RAC was more efficient but 
also demanded more sophisticated—and costly—computer hardware. The firm envisioned a future of faxing where 
transmissions were received at a central station, then converted to the algorithms of the local machines.38

Even though the Japanese actors realized the potential of faxing, consensus did not come easily. The MPT 
committee originally considered six Japanese schemes, but soon narrowed those to the RAC and EDIC, in a 
reflection of both the power of the telephone services and the efficacy of their codes.39 Ultimately, the committee 
convinced NTT and KDD researchers to combine their work to form the Relative Element Address Designate 
(READ) code.

The ministry had to act quite forcefully at times to make NTT and KDD compromise and accept the other 
organization's coding. While some issues were technical, the underlying issue seemed to be the longstanding rivalry 
between the two organizations and a stubborn unwillingness to make concessions to the other. After high-level 
negotiations on the neutral ground of hotels failed, lower level talks between the laboratory engineers and managers 
eventually succeeded. The psychological turning point came when one NTT manager wrote "READ" on a 
blackboard. He explained that the name contained both codes, described what one did with a faxed message, and, 
when pronounced in Japanese, was "lead," which is what NTT and KDD would do— once they thought in terms of 
combining forces, not conceding.40

Another role played by MPT was providing a neutral arena for manufacturers to test whether their equipment met 
the new G3 standard and was truly interconnectible with other manufacturers' equipment. The tests used NTT 
circuits, but firms used their own facilities. The ensuing discussions were kept at an informal level and discovered 
some minor differences in interpreting the standard. Catching those differences before they reached the market 
gave manufacturers more confidence that the new generation of equipment would truly be compatible.41

After the creation of READ in 1977, MPT began a campaign for the international adoption of READ by the CCITT. 
As befits a major standard, its creation and acceptance was a contested political process, in part because the 
potential economic stakes were so high.

When the four-year cycle for CCITT standards began in 1976-77, the leading contender for the G3 digital standard 
was the one-dimensional British Huffman coding. Even before READ, Japanese objected to its costs, complexity, 
lower efficiency than codes being developed in Japan, and inability to handle B4 paper, widely used in Japan.42 
Some of this criticism resulted from knowledge derived from a MPT-sponsored effort in the early 1970s to jointly 
create a standard coder/decoder for Huffman coding.43

When KDD suggested a two-dimensional code in 1975, CCITT delegates were very skeptical. But by 1977, Study 
Group XIV, which had responsibility for fax, had accepted the concept and by 1979 had received two-dimensional 
algorithms from AT&T, the British Post Office, the Federal Republic o f Germany, IBM Europe, 3M, and Xerox as 
well as Japan.

To increase their code's financial and political attractiveness, KDD and NTT waived their patent rights, making 
READ free of royalties. Several months of research and testing the competing algorithms against each other in 
computer and network simulations preceded the decisive November, 1979 meeting in, appropriately, Kyoto. The 
"frank and useful discussion" of the participants battled with the "spirit of compromise and a desire to reach a 
conclusion" before a modified READ attained approval.44

The Huffman algorithm was modified to meet the B4 paper objection and formed one part of the G3 standard and 
Modified READ formed the other part.45 The CCITT General Assembly reaffirmed this decision in 1980, making 
G3 the international standard for digital fax. This vital development ensured compatibility among competing fax
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machines. For the first time, any fax machine could transmit to any other machine, regardless of the maker. Unlike 
the G1 and G2 standards, the G3 standard was approved before most companies had invested significantly in digital 
fax.

Conclusion

The creation of Group 3 standards was not preordained. Indeed, without the work of the Japanese government, the 
fax machine would not have achieved its phenomenal success. If not for MPT's intervention, several incompatible 
machines would have entered the market, thus plaguing the most promising generation of fax technology with the 
same problem that had greatly reduced the attraction of earlier machines.

The fax industry experienced dramatic changes after 1980. Companies that had developed their own digital 
protocols, such as Matsushita and Ricoh, quickly discarded them for the new G3 standard, but faced new 
competitors because the existence of a standard greatly lowered the barriers to entry for new entrants. Other 
companies entered the market, transferring their manufacturing prowess in office and consumer electronics to fax 
machines.

For the first time, Japanese citizens had a technology that allowed them to communicate easily in Japanese. The 
benefits, however, were not just confined to the island chain. This combination o f mature and flexible standards, 
well-packaged technologies, Japanese mass production, and societal forces launched the fax boom of the 1980s.

Establishing standards is one of the most politically and economically charged areas of technological development. 
MPT achieved this not by coercion or bribery, but essentially by putting the major actors together and forcing them 
to consider the larger national interest—and the profits and prestige that beckoned.
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