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INTRODUCTION: 

 

     We live today in a society where digital computers seem ubiquitous – we use them to 

work, play, communicate, learn and live our lives.  Yet at the point of their emergence in the 

1940s, it was not at all obvious that these devices could or should be used for activities other 

than numerical calculation.  At the time, Thomas Watson, chairman of IBM, famously 

speculated that he did not ever foresee demand for more than five computers in the world.  

This quote is interesting – for it captures the essence of one of the key figures in the transition 

of computers from scarcity to ubiquity.  J.C.R. Licklider may have agreed with Watson’s 

comment as it referred to hardware, but would have vehemently disagreed with any notion of 

limiting access to computers for he saw universal access to computing facilities as a social 

good, and devoted much of his life and considerable talents to pursuing that vision. 

 

     This report will explore in parallel the careers of Leo Beranek and J. C. R. Licklider, 

focusing on both their roles in the transition of Bolt Beranek and Newman Inc. from an 

acoustics consulting company to a cutting edge computer research and development firm.  

We trace Licklider and Beranek from their first exposure to research during the Second 

World War through their employment at MIT’s Acoustical Laboratory to their involvement 

in Beranek’s company, BBN, in the late 1950s. We then examine Licklider’s vision of man-

computer symbiosis and show how this vision was realized in the technology of time-sharing. 

Finally, we briefly examine the careers of Beranek and Licklider after the late 1950s, 

showing the effects of decisions and developments during those critical years. In order to do 

so, however, it is necessary to introduce two terms of analysis; technical trajectory and 

heterogeneous engineering. 

 

     When engineers talk about the development of new technology, they have a tendency to 

leave out the people and to impute a certain amount of agency to the technology itself. The 

technology takes on a life of its own, with direction and purpose, as if the final form of the 

technology was inherent in the earliest designs.  Donald Mackenzie has described this model 

of thinking, not restricted to engineers but indulged in by some economists and historians as 
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well, as a technical trajectory.1  He criticizes the trajectory model of thinking because it fails 

to take into account the social interests that keep the technology in place.  Mackenzie argues 

that it is these social actors that create and sustain a technical trajectory to the point that it 

appears natural and inherent, and it is this natural appearance that he criticizes. 

 

     A similar concept, originally put forward by John Law is that of heterogeneous 

engineering – or the tactics of creating a stable technology by assembling a collection of 

heterogeneous elements.  A heterogeneous engineer, therefore, is an individual who is 

involved in bringing together a collection of different technical and social elements to 

create a stable technological form.2 A successful heterogeneous engineer creates a 

technical trajectory that appears natural despite the social engineering necessary to 

sustain it. He makes the trajectory seem dependent only on technical factors. This report 

will show that both Beranek and Licklider practiced heterogeneous engineering 

throughout their careers to further their goals and visions.  This is extending the concept 

past just creating and sustaining a particular piece of technology, like Doc Draper’s 

beryllium baby, but showing how the practice of heterogeneous engineering can take 

place largely around an idea about the possibilities of new technologies. This report will 

critically examine the notion of heterogeneous engineering using the figures of Licklider 

and Beranek as case studies.  Licklider’s efforts to transform both BBN and the way in 

which computers were used will be examined, as will Beranek’s efforts to build and 

diversify his company.  

      

     At the heart of this report is the Cambridge Massachusetts based consulting firm, Bolt, 

Beranek and Newman, which was home to both Beranek and Licklider. BBN was created 

in 1948 in part by Beranek, who hired Licklider in 1957.  Despite its origins in acoustical 

consulting after the Second World War, by the 1960s BBN was generating a significant 

proportion of its revenues from advanced computing research.  Many significant 

technical developments came out of BBN during this period, including time sharing, the 
                                                           
1 Donald Mackenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance (Cambridge, 
MA: MIT Press, 1990), pp. 166 – 168. 
2 John Law, “Technology and Heterogeneous Engineering: The Case of Portuguese Expansion,” in Wiebe 
E. Bijker, Thomas P. Hughes, and Trevor Pinch, eds., The Social Construction of Technological Systems: 

 
4 



6.933 Final Project – BBN   Alperin, Brown, Huang, Sandy 
 

hardware and software implementations of the ARPAnet and the pioneering AI and 

educational language LOGO.  This report will discuss the way in which the initial 

trajectory of BBN was displaced by the disruptive technology of computing and the 

heterogeneous engineering of Licklider. Particular attention will be paid to the BBN 

implementation of the technology of timesharing, because that was their first attempt to 

produce a concrete realization of Licklider’s vision of truly interactive computing.  We 

will also show how the direction of BBN after Licklider’s departure continued along the 

lines he envisioned.  BBN’s transition from acoustics to computing now seems to be a 

natural progression, and the direction the company took in the early 1960s seems obvious 

and expected. We argue that this understanding of the computing trajectory of BBN is 

open to the same criticism that Mackenzie levels against inertial guidance accuracy – 

namely that the trajectory is not inherent in the technology itself but is created and 

supported by social interests.3  

 

     Another aspect of the careers of Beranek and Licklider that is of particular interest is 

the way that both men created, entered into and maintained strong networks of personal 

contacts throughout both Cambridge and the larger research community.  Although 

examining the nature and full extent of these networks is beyond the scope of this report, 

connections between MIT, BBN, Harvard and Lincoln Laboratory, and between Leo 

Beranek and J. C. R. Licklider play key causal roles.  This report will also argue that a 

successful engineering revolution depends on these personal contacts, which serve as a 

source for ideas, personnel, and material support for the project at hand.  Indeed, without 

the intellectual and material support both Licklider and Beranek were able to obtain 

through their networks, neither would have been able to achieve as they did.  

 

     This report is divided into six sections.  The first section covers the years from 1940 to 

1948, discussing the careers of Licklider at Harvard’s Psycho-Acoustical Laboratory and 

Beranek at the Electro-Acoustical Laboratory during the war and subsequently at MIT.  This 

section will also discuss these wartime research careers as the earliest source of the technical 

                                                                                                                                                                             
New Directions in the Sociology and History of Technology (Cambridge, MA: MIT Press, 1987), pp. 113 – 
114. 
3 Mackenzie, pp. 166-168.  
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and social resources both men were subsequently able to deploy.  The second section traces 

the development of BBN from a two-person consultancy in 1948 to a flourishing research 

and development organization by 1960, examining both the types of research being 

performed and the corporate philosophy of BBN.  The third section covers roughly the same 

time period, this time examining the career of Licklider at MIT, while section four examines 

his hire at BBN, and his activities in computing research while at BBN.  The results of 

Licklider’s efforts - the world’s first time sharing system – will be examined in section five, 

which will give technical details of this system, explaining both why it was revolutionary and 

also why it failed to gain widespread use.  Finally, in section six, a brief discussion will be 

given of the subsequent careers of both BBN and Licklider after they parted company in 

1962.  
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SECTION ONE:  1940 – 1948:  WARTIME AT HARVARD AND MIT 

 

     When Britain declared war on Germany in September 1939, Leo Beranek, Richard Bolt, 

and J C R Licklider were finishing doctorates, Beranek at the Cruft Laboratory at Harvard, 

Bolt at the University of California, and Licklider at the University of Rochester.4 This 

section outlines the pre-history of BBN in the wartime research laboratories of Cambridge, 

MA and traces the intellectual and social networks created during those years through the 

transition from wartime defense research to 

peacetime academia and then to the formation of 

BBN in 1948.   

 

     Research laboratories in the Cambridge area drew 

on the human and material infrastructures of both 

Harvard University and the Massachusetts Institute 

of Technology.  At MIT were the famous Radiation 

Laboratory, the Servomechanisms Laboratory, the 

Aiken Computational Laboratory and the 

Instrumentation Laboratory.5  However, MIT was not 

the only recipient of research funding.  Harvard University gained

formed National Defense Research Committee as early as 1940 to 

sound control.   

 

 

      The Electro-Acoustical Laboratory was established first to inve

pilot fatigue caused by aircraft noise, and developed a form of glas

insulating fabric that was extensively used in wartime aircraft prod
                                                           
4 For Beranek, see “Leo Beranek, Electrical Engineer,” oral history conducte
History Center, Rutgers University, New Brunswick, NJ, 1996; for Bolt see 
Beranek and Newman Inc,” 1958, p. 8, held in BBN Technologies, Inc. libra
Licklider’s early career is given in “Notes on the occasion of J C R Licklider
1950 Biennial Award for Outstanding Contributions to Acoustics,” J C R Li
Archives. 
5 See http://rleweb.mit.edu/radlab/radlab.HTM for a brief outline of the history
successor institution, the Research Laboratory of Electronics.  See also Fran
A Pictorial History of the Massachusetts Institute of Technology (Boston, M

 

Leo Beranek
 contracts from the newly 

conduct research into 

stigate the problem of 

s fiber and asbestos 

uction, especially the 

d by Janet Abbate, IEEE 
unpublished pamphlet, “Bolt 
ry.  A brief discussion of 
’s being presented with the 

cklider papers, box 5, MIT 

 of the Rad Lab, hosted by its 
cis Wylie, MIT in Perspective: 
A: Little, Brown, 1975), pp. 91 
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Boeing Super-Fortress.6  Soon thereafter, the lab started to investigate possible solutions to 

problems of voice communications at altitudes higher than 20,000 feet and conducted the 

first comprehensive survey and assessment of hearing-aids.  These efforts continued 

throughout the war years until the laboratory was closed in December 1945.7   

 

     Leo Beranek, a faculty instructor at Harvard in Physics and Communications Engineering, 

was initially recruited by MIT professor Philip Morse as deputy director of the Electro-

Acoustical Laboratory.  A dispute between the MIT and Harvard administration led to MIT’s 

withdrawal from the project, leaving Beranek in charge.  Beranek was from Iowa, having 

majored in electrical engineering at Cornell College in Mount Vernon.  Beranek’s doctoral 

work at the Cruft Laboratory at Harvard had combined materials science, electrical 

engineering and acoustics: “My thesis had to do with a new apparatus and method for 

measuring the acoustical properties of materials used for absorbing sound, usually in 

rooms.”8 Even though Beranek was young and inexperienced in management, his academic 

background made him the obvious candidate to head up the new laboratory.  

 

     During his years in charge of the Electro-Acoustical Laboratory, Beranek developed a 

management philosophy that was to characterize his subsequent tenure as President, 

Chairman and CEO of BBN.  He espoused a laissez-faire style of management, arguing that 

providing a creative environment for scientists and engineers to work was the most critical 

element of successful management. He also argued that scientists and engineers work best 

when they are left to their own devices, unfettered by administrative or managerial 

responsibilities. He commented in 1945: 

 

One lesson stands out above all others.  This is that rapidly moving war 

research can be effectively conducted only if the tools for research are made 

readily available and if the research personnel and the using Services are 

                                                                                                                                                                             
– 97 and Arthur Norberg and Judy O’Neill, Transforming Computer Technology: Information Processing 
for the Pentagon, 1962 – 1986 (Baltimore, MD: The Johns Hopkins University Press, 1996), pp. 24 – 26. 
6 Harvard University Press Release on the occasion of the closing of the Electro-Acoustical Laboratory, 
January 6, 1946.  Held in the Harvard Archives, folder HUF 358.400. 
7 ibid. 
8 Abbate, “Leo Beranek.” 
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willing to work together untiringly and to attempt to understand each others 

needs and findings.9 

 

Beranek’s experiences and contacts formed over this period were to provide resources that he 

would later deploy with great effect at BBN. 

 

     One particularly important resource for Beranek was J C R 

Licklider, who by 1942 was a Senior Research Associate at the 

Psycho-Acoustical Laboratory at Harvard under S S (Smitty) 

Stevens.  Licklider, a native of St. Louis, Missouri, had taken 

his undergraduate degree in psychology at Washington 

University in 1937 and then his master’s degree, in 

psychology, physics and mathematics, in 1938.10  At that 

point, he went to the University of Rochester, NY, where his 

PhD thesis was entitled “An Electrical Investigation of 

Frequency-Localization in the Auditory Cortex of the Cat.”11  

Licklider moved from Rochester to Swarthmore College in 

Pennsylvania in 1941 to take up a postdoctoral appointment 

from where he moved in 1942 to the Psycho-Acoustical 

Laboratory at Harvard. J. C. R. Licklider 

 

    The Psycho-Acoustical Laboratory had been founded in 1940 to study the 

physiological and psychological effects of the physical phenomena being studied at 

the same time by the Electro-Acoustical Laboratory.12   Leo Beranek likened the 

relationship between the Electro-Acoustical and Psycho-Acoustical Laboratories to 

that of a dumbbell: “The PAL was financed in parallel to me so I always said we 

were like a dumbbell, EAL and PAL laboratories at the two ends bound together by a 

                                                           
9 Leo L. Beranek, “Our Laboratory during the War: Report covering activities between December 1, 1940 
and July 1, 1944. by Leo L. Beranek, Director, Research on Sound Control.”  Unpublished paper in 
Harvard archives, p. 1. 
10 “1950 Biennial Award.”  
11 J C R Licklider, “An Electrical Investigation of Frequency-Localization in the Auditory Cortex of the 
Cat,” unpublished thesis, University of Rochester, NY, 1941. 
12 M. Mitchell Waldrop, The Dream Machine: J C R Licklider and the Revolution That Made Computing 
Personal (New York: Viking Books, 2001), pp. 13 – 14.  
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common contract with the Office of Scientific Research and Development. We 

worked together very well.”13  The Psycho-Acoustical Laboratory was particularly 

interested in what is now called human factors research – how people heard and 

interpreted sound at different levels of distortion caused by such factors as altitude, 

other noise and obstacles such as masks and headsets.14  The problem of voice 

communications at high altitude both illustrates the type of work the Psycho-

Acoustical Laboratory was doing and shows the levels of co-operation between the 

two institutions.  

  

[Solving the problem] required close cooperation with the war-time Psycho-

Acoustic Laboratory […]. The basic test for a voice communication system 

that they perfected was called the "speech articulation test." First, at sea level 

in the laboratory, a person, having donned an oxygen mask fitted with the 

available mask-microphone combination would read words from a 

standardized list at a constant voice level. The signal from the microphone 

would be sent through an airplane audio amplifier, and a group of listeners 

wearing aviation helmets with available earphones, would hear the words 

and write down what they heard. […] The psycho-acousticians had to design 

the tests, prepare balanced word lists, learn how to monitor the intensity of 

the talker’s voices, learn how many tests would have to be made to obtain 

reliable results, determine when subjects became fatigued, and how to keep 

us their interest and morale.15 

 

Among Licklider’s colleagues at the Psycho-Acoustical Lab was Karl Kryter, who was also 

to end up at BBN in the 1950s, doing psycho-acoustical research. The Psycho-Acoustical 

laboratory was an interesting institution, and it is possible to see there early iterations of the 

ideas J C R Licklider would pursue at BBN.  In particular, the mission of the lab to develop 

methods of training humans to speak in a manner that was intelligible after transmission can 

                                                           
13 Abbate, “Leo Beranek.” 
14 As an example of the types of research being done at the Psycho-Acoustical Laboratory, see J P Egan, E 
B Ginsburg, K D Kryter, J E P Libby, J C R Licklider, Joseph Miller, D A Ross, and G G Thompson, 
“Speech and Sound Transmission through Gas Masks,” Research on Sound Control Report of September 
20, 1943.  Box 5, J C R Licklider papers. 
15 Abbate, “Leo Beranek.” 
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be seen as an early attempt to create an effective human–machine interface or man-machine 

symbiosis. The idea of a system of human and machine components was key to the thinking 

at the Psycho-Acoustical Laboratory and was later central to cybernetic thinking.16 

 

     Following the end of the war, the Electro-Acoustical Laboratory at Harvard was closed 

and its staff dispersed.17  Its director, Leo Beranek, stayed on at Harvard as a faculty 

instructor until February 1947, when he was enticed down Massachusetts Avenue to MIT.  

Beranek was offered a tenured associate professorship in the department of Electrical 

Engineering and a position as Technical Director of MIT’s Acoustical Laboratory.18  The 

Acoustical Laboratory at MIT had been established in 1946 under the direction of Richard 

Bolt, a full professor in the Physics department.  Leo Beranek notes that when he arrived at 

MIT, he and Bolt divided the administrative responsibilities of the laboratory between them.  

Bolt, older by three years managed the commercial aspects, signing contracts and dealing 

with contractors, while Beranek was responsible for liaising with other faculty and graduate 

students.19  At that time, MIT had a policy of encouraging its faculty to take on outside 

consulting work, in part to ensure that the faculty stayed in touch with leading edge 

developments in research and technology taking place outside academia.20  The amount of 

consultation was limited however to one day of the working week, and of course Saturdays 

and Sundays were available at the individual’s discretion.21  

 

     Both Beranek and Bolt found that demand for their services in post-war America was 

high.  There was a building boom, with high schools building auditoriums, towns building 

town halls and cities building concert halls.22  Bolt and Beranek’s Acoustical Laboratory at 

MIT had built itself an excellent reputation in the field of architectural acoustics, and as 

Beranek noted: “The Acoustics Laboratory was one of the leading research and teaching 

laboratories in acoustics in the nation.”23 Both Bolt and Beranek increasingly found their 

                                                           
16 Paul Edwards, The Closed World: Computers and the Politics of Discourse in Cold War America 
(Cambridge, MA: MIT Press, 1996), pp. 213- 218. 
17 Boston Herald, 6 January, 1946. 
18 MIT Presidential reports, 1947 – 1948, pp. 107, 153; Interview with Leo Beranek, 5 November 2001.  
19 Beranek interview. 
20 Interview with Stephen Levy, 13 November 2001. 
21 “MIT Policies and Procedures: A statement for the information and aid of staff members.  Revised to 
November 1, 1947,” pp. 14, 21.   Held in MIT Institute Archives. 
22 Beranek interview. 
23 Abbate, “Leo Beranek” 
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services in demand by architects capitalizing on the building boom.  By 1948, Bolt and 

Beranek were busy men; teaching, co-directing a blossoming research facility and providing 

architectural acoustics consulting services to many architects.   

 

     It is fair to say that both Bolt and Beranek had had “good wars”- that the Second World 

War had furthered their careers.  The expertise they had developed from their war time 

experiences, scientific, technological and managerial, stood them in good stead in the post 

war world.  Leo Beranek’s experience as director of the Electro-Acoustical laboratory had 

impressed on him the need for a flexible management style, and his experience with war-time 

bureaucracy had laid the ground work for his later success in acquiring government research 

contracts at BBN.    The personal contacts and networks they had made had resulted in 

significant opportunities for academic and commercial success.  Perhaps the most important 

link to be forged during the war was that with J C R Licklider, which will be discussed in 

much greater detail in sections three and four. 
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SECTION TWO:  1948 – 1957: THE EARLY YEARS AT BBN 

 

     In late 1948, the office of President Killian of MIT got a request for a bid for acoustics 

consulting from the architect Wallace Harrison. Harrison had been commissioned to design 

the new headquarters for the United Nations in New York City, and the request was passed 

down to Richard Bolt. Bolt put in a bid, which was accepted, and he was awarded the 

contract to consult on the development of the United Nations general assembly chamber, 

three auditoriums, and all the office and conference spaces.24  However, on the arrival of the 

preliminary drawings, Bolt realized the size of the job was too much for him to handle alone 

and asked Beranek to assist him.25 

 

     Leo Beranek recalls that the contract was awarded to Bolt, rather than to MIT who 

claimed to be reluctant to get into the commercial consulting business at the time.  The 

administration did offer to assist Bolt and 

Beranek with the rental of two rooms at 

MIT however, and encouraged them to set 

up as a partnership to do the work, under 

the condition that when they outgrew their 

space, the organization was to leave MIT.  

Thus, in November of 1948, the partnership 

of Bolt and Beranek was formed with two 

employees and two rooms.26  Initially, Bolt 

and Beranek had three principal jobs – the 

United Nations building, radio and 

acoustical consulting for the General Radio Company and

Beranek had previously been working on, consulting for a

York City.  They were also consulting on a number of sm

 

 

                                                           
24 Beranek interview. 
25 Abbate, “Leo Beranek.” 
26 Beranek interview. 
27 Ibid. 

 

United Nations Building
 some consulting work Leo 

 chain of movie theatres in New 

all noise control jobs.27 
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     Bolt and Beranek soon realized that the amount of work they had taken on was too much 

to be accomplished by two people, both of whom were committed to teaching at MIT for four 

days of the week.  They first hired Robert (Bob) Newman, who at the time was a graduate 

student in the architecture department at MIT, and then Jordan Baruch, a doctoral student in 

electrical engineering and Samuel Labate, who had received a master’s degree in acoustics 

from MIT.28  In early 1950, when Bob Newman finished his architecture degree, he was 

made a partner and the firm of Bolt and Beranek became Bolt, Beranek and Newman.29  Sam 

Labate went on to become president of BBN in the late 1960s, and Jordan Baruch also 

assumed senior management responsibilities.  Even at this early point in BBN’s history, Leo 

Beranek’s philosophy of only hiring the best and brightest was in evidence.30  Leo Beranek, 

Richard Bolt and Bob Newman all retained their academic positions at MIT; Beranek in 

electrical engineering, Bolt in physics and Newman in architecture.   

 

     During the 1950s, BBN continued to work in various fields of acoustics, with the 

organization being divided into several research divisions; acoustics, life and information 

sciences, noise control and applied physics.31  The acoustics division continued the original 

type of work that BBN had been formed to do: “to provide good hearing conditions in rooms 

and buildings such as homes, churches, schools, auditoriums, theaters, studios, concert halls, 

music schools…,” while the noise and vibration control division addressed ways “to reduce 

annoyance and complaint, to improve speech and communication or to protect people and 

equipment from damaging effects. […] Control measures encompass planning and 

scheduling, equipment re-design, sound-tight enclosures.”32  BBN was also heavily involved 

in the new field of underwater acoustics. However, the newer divisions of life and 

information sciences were examining areas such as information systems, psycho-acoustics, 

engineering psychology, education and training systems.  Stephen Levy, who was to become 

president of BBN in the 1970s and 1980s comments about the early 1950s: “It was a fertile 

                                                           
28 Abbate, “Leo Beranek”; See “Bolt Beranek and Newman, Inc.” for a brief outline of the academic 
qualifications of Baruch, Labate and Newman.  
29 Beranek interview. 
30 Ibid.; Levy interview. 
31 “Bolt, Beranek and Newman, Inc.,” unpublished booklet, 1950.  Box 6, Leo L Beranek papers, MIT 
archives. 
32 “Bolt, Beranek and Newman, Inc.,” unpublished booklet, 1958.  Held in BBN Technologies, Inc, 
Library. 
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period post World War 2, with a construction boom, the advent of jet engines, environmental 

acoustics and airborne acoustics, and the US Navy submarine fleet upgrading.”33  

 

     During this period, BBN consolidated its core expertise in architectural acoustics while 

branching out into other areas of acoustics, taking advantage of larger technological 

developments to continually broaden their professional focus.  A good example of this tactic 

is the BBN response to the growing deployment of jet engines into civilian airliners during 

the 1950s.  There were several problems associated with this development.  The first was a 

concern that the noise of jets would be significantly more disturbing to the general public 

than the noise caused by propeller driven aircraft.  Leo Beranek quickly got BBN involved, 

taking a contract in 1956 to investigate this phenomenon at Idlewild Airport in New York 

City (now JFK).  They quickly discovered that Boeing aircraft in particularly were especially 

noisy and set about developing a muffling system for them which reduced the noise caused 

by up to 15 decibels.  The subsequent two reports became, in Leo Beranek’s words, “the 

bibles for aircraft manufacturers.  BBN became quite famous.”34  The second noise problem 

with the introduction of jet engines came out of the manufacturing process – how to test jet 

engines without deafening surrounding workers.  Once again, BBN quickly became involved 

in this issue.  In conjunction with Pratt and Whitney, BBN developed a design for engine test 

cells at the NACA facility in Cleveland that combined an innovative design with the use of a 

variety of insulating materials.  Once again, this pioneering work led to further work in the 

form of government contracts for BBN.35 

 

     From humble origins in the late 1940s, BBN grew to a very respectable size by the end of 

the 1950s. The business moved out of its two rooms at MIT by 1950 into offices on 

Massachusetts Avenue just east of Harvard square.36 The partnership incorporated in 1953 

with Leo Beranek resigning his position at MIT to devote his energies fulltime to BBN as 

chairman and CEO.  The decision to incorporate was made primarily to limit the personal 

liabilities of the partners, an indication of the growing amount of business being conducted 

by that time.  Another indication of the growing size of BBN is that the business had to move 

offices again, this time to Elliot Street in Cambridge, where they took over a three story 
                                                           
33 Levy interview. 
34 Beranek interview. 
35 Abbate, “Leo Beranek.” 
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apartment block and gradually spread throughout all three floors and the basement. By 1956, 

the space problem had become so serious that BBN moved out to Fresh Pond, to a site on 

Moulton Street, where they remain to this day.37 A BBN annual report from 1962 gives 

details of BBN’s financial situation from 1956 onwards.  Their gross income rose from 

$657,604 in 1956 to $1,884,637 in 1960, while their net worth rose from $236,447 in 1956 to 

$785,791 in 1960.  BBN also remained consistently profitable, their profits rising from 

$49,804 in 1956 to $183,756 in 1960.38 Stephen Levy notes that: “It was a fertile period for 

BBN and it grew rapidly to over 100 employees, $1 million per annum in revenues and a net 

worth of just under $1 million by the end of the 1950s.”39 

 

     Initially and indeed throughout the 1950s and 1960s, Bolt Beranek and Newman was not a 

typical business in terms of its philosophy.  Indeed in attempts to describe what made the 

environment unique, BBN has variously been described as “the third university’ in 

Cambridge, MA after Harvard and MIT, and “a halfway house between academia and the 

real world.”40 Several things made BBN distinctive.  It was purely a research organization.  

Very early on, Bolt and Beranek decided not to go into production, but rather to license the 

products they developed, although this was frequently to companies formed out of BBN.  

This meant that the core organization was unusually top-heavy with research scientists and 

engineers, which in turn profoundly shaped the culture of the organization.  Technical 

expertise was the most prized, and in some senses, the only cultural value at BBN.  As David 

Walden, BBN president in the 1980s put it, “you got to be head of accounting and human 

resources by your ability to program Fortran.”41 Another BBN president, Stephen Levy, 

reflected that “BBN created a culture where the best people were hired and BBN gave them 

an environment to do creative work.  The rest would take care of itself.”42   

 

     This type of attitude was reflected in the formal organization of BBN.  There were two 

career tracks within BBN from the 1950s onwards, when the positions of Chief Scientist, 

                                                                                                                                                                             
36 Beranek interview.  
37 Katie Hafner and Matthew Lyon, Where Wizards Stay Up Late: The Origins of the Internet (New York: 
Touchstone Books, 1996), pp. 86 – 87. 
38 “Bolt, Beranek and Newman, Inc., Annual Report 1962,” p. 11.  
39 Levy interview. 
40 Hafner and Lyon, p. 82; Levy interview. 
41 Interview with David C. Walden, 8 November, 2001. 
42 Levy interview. 
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Principal Scientist and Principal Consultant were created to permit career advancement 

without transition into any form of administrative or managerial role.  Furthermore, the 

financial and managerial organization of BBN reflected this emphasis on permitting scientists 

and engineers to work without interference. Each division and department was managed “by 

exception” by its director who would “share a camaraderie with the other Department 

Managers and with the Division Director, just as though he were in an university 

environment.”43  Alongside this university-like system of management was a separate 

financial arm, which was responsible for working closely with each departmental manager, 

assisting in finding new sources of R & D money, preparing proposals and budgets.  

Members of this financial arm, known as Business Associates were also responsible to senior 

management for keeping watch for problems:   

 

The associate observes an unusual happening in his division as if he were a 

member of management, with direct access to the corporate management.  

For example, a corporate termination, no matter how few dollars are 

involved, may be indicative of something else and so is brought to the 

attention of corporate management.  Evolutionary changes of direction by a 

department may have long range implications for space or capital investment 

and are reported.44    

 

This organizational structure of BBN allowed significant freedom for individual scientists 

and engineers whilst still allowing corporate management to rapidly intervene to either halt 

or precipitate rapid change.  As Leo Beranek put it, “The BBN system […] is one that has 

been created to be responsive to our needs as a professionally-oriented firm dealing with a 

large number of creative people."45 

 

     Secondly, BBN retained a strong connection with both Harvard and MIT.  This was 

deliberate policy on the part of Leo Beranek.  He commented that during the 1950s that the 

best way to find out how to solve a problem was to assign bright graduate students to it.  

                                                           
43 Leo L. Beranek, “Financial Strategy in Tomorrows [sic] Research and Development Company,” 
unpublished speech, 10 January, 1968, p. 6.  In possession of authors. 
44 Ibid., p. 10 – 11. 
45 Ibid., pp. 12 – 13. 
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There were other reasons for the retention of close ties, particularly to MIT.46  To start with, 

many of BBN’s key officers and employees were part time faculty, which allowed them to 

talent spot bright young graduates and undergraduates from MIT.  This practice was so 

pervasive that BBN is reported to have employed more MIT doctorate holders than any other 

organization, even AT&T.47 This policy was reinforced by Leo Beranek’s determination that 

each new hire should increase the average IQ of the organization as a whole.48 Furthermore, 

Beranek was aware of the value of encouraging collegiality – the idea being that if an 

organization hired good people, then other good people would want to come there as well.49  

This meant that there was somewhat of a revolving door policy, as people would study at 

MIT, work at BBN during graduate studies and after graduation and then go back to MIT.  

MIT Ocean Engineering and Mechanical Engineering professors Ira Dyer and Richard Lyon 

are good examples of this type of career path.50  

 

     So, by the end of the 1950s, BBN was a flourishing research and development consulting 

company, albeit with several unusual features. Leo Beranek had deliberately created an 

environment where individual scientific talent was both respected and rewarded.  The 

management structure of his organization was small and responsive to technological change.  

BBN had strengths in acoustics, in applied physics, in psycho-acoustics and in noise and 

vibration control and was continually on the look out for other areas to move into. BBN had 

also retained strong connections to the intellectual and personal networks around Cambridge, 

keeping open BBN’s access to both trained personnel and new ideas and technologies. It was 

this particular set of conditions that were to permit Licklider to make the dramatic changes in 

the direction of BBN that he did.   

 

    An examination of the early years of BBN also shows the utility of the concept of 

heterogeneous engineering.  Beranek, as chairman and CEO of BBN, had created a 

flourishing organization by successfully mastering acoustical engineering, by successfully 

recruiting bright young engineers and scientists to BBN and by successfully attracting both 

government and private funding.  Beranek had successfully engineered the outside world, 

                                                           
46 Beranek interview. 
47 Levy interview. 
48 Beranek interview. 
49 Levy interview. 
50 Beranek interview. 
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both materially and socially, and had engineered the internal world of BBN, creating the 

conditions for another heterogeneous engineer to practice his skills. 
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SECTION THREE: 1945-1957: J.C.R. LICKLIDER BEFORE BBN 

  Although J. C. R. Licklider was not present at the establishment and during the flourishing 

of BBN in the early acoustical consulting industry, he was by no means inactive.  Licklider 

was described by many as a “gifted intuitive genius,” yet he described himself as an 

“ordinary guy who just happened to fall into things by luck.” 51 Everyone who met him 

agreed, however, that Licklider, known as “Lick” to his many friends and colleague, was a 

great guy.  He was charismatic, affectionate, charming, and romantic and it is clear that his 

likeable personality played a key role in the maintenance of the personal networks that were 

critical to his success as a heterogeneous engineer.52    

     After the Second World War, Licklider continued his teaching at Harvard and his research 

at the Psycho-Acoustical Laboratory. However, Harvard’s psychology department seemed to 

be limited in advancement opportunities, especially in tenure slots which would actually pay 

enough to support Licklider’s growing family.  Thus, when MIT approached him at Leo 

Beranek’s suggestion in 1950, Lick gladly accepted an associate professorship at MIT in 

Bolt’s Acoustics Lab.  Both Licklider and MIT assumed that he would eventually be 

involved in building up a full-fledged psychology department based on rigorous, 

experimental, “hard-science” psychology.53  Lick’s early involvement in acoustics and 

unique background in psychology also brought him involvement in early defense projects 

such as Project Hartwell, Project Lincoln, and Project Charles.  These defense projects led to 

ground-breaking early experiments in computer systems such as Whirlwind in the SAGE 

project.   The presence of Whirlwind in the SAGE project led to further influxes of 

government defense money into Cambridge.54 

    By 1952, Licklider’s main interest was the use of analog computers to model human 

hearing. Lick soon realized that analog computers were not sufficient to accomplish his tasks.  

As a result, he described his time as being divided into three parts, “a third time acoustics lab, 

                                                           
51 Waldrop, p. 105. 
52 Two interviewees, Pew and Levy, commented on Licklider’s personality and likeability.  Other 
discussions with members of the MIT community who knew Licklider confirm this. 
53 Waldrop, pp. 105 – 109. See also William Aspray and Arthur Norberg, Interview with J. C. R. Licklider 
on 28 October 1988 
54 Edwards., pp. 93-96 
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a third time trying to build a psychology section ..., and one third in the Lincoln Laboratory” 

that allowed him to learn digital computing.55   Licklider loved to be surrounded by an 

atmosphere of ideas and excitement. He regularly attended a gathering of 40 or 50 people led 

by Norbert Wiener to discuss cybernetics.  He also loved to apply new ideas from all 

different kinds of domains, which partially explains his intense interest in learning digital 

computing. Meanwhile, Licklider built his psychology lab by picking brilliant, self-starters 

from the best universities. As he put it, “I didn’t really care what they knew or what they 

were interested in.  My bias was toward very bright people.”56 He ran his lab with a “rigorous 

laissez-faire” style, in other words he demanded hard work, original and imaginative 

thinking, meticulous effort, but allowed students to pursue their research in their own 

direction.57 This management style was remarkably similar to that practiced by Leo Beranek 

at BBN.   

     Although Licklider’s main interest was in psychology, his work at MIT became more and 

more concentrated on the Acoustics Lab and Lincoln Lab as the environment at MIT proved 

to not be conducive to the establishment of a 

separate psychology department. Not to 

mention the fact that Licklider did not get along 

with Dean Burchard, whose approval and 

support was needed to pursue the foundation of 

an official psychology department. After his 

initial encounter with Wesley Clark in 1956, in 

which Clark found Licklider in a basement and 

introduced him to the possibilities of digital 

computing, Licklider spent a great deal of time 

and about Clar

his ambitions t

began to take a

 

                           
55 Aspray and No
56 Ibid. 
57 Waldrop, p. 11
58 Ibid., p 147. 

 

Lincoln Labs

in Lincoln Lab learning both how to program 

k’s ideas about interactive programming.58  As a result of his failure to achieve 

o form a psychology department at MIT, Licklider’s interests in psychology 

 back-seat to his interest in computing, and he was ready for a change.  

                                
rberg, “Licklider.” 

0. 
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Opportunely, BBN under the direction of Leo Beranek was also seeking new opportunities 

for growth.    
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SECTION FOUR: 1957 - 1962: J.C.R. LICKLIDER AT BBN 

     Although BBN was flourishing in acoustical 

consulting, Beranek felt that they ought to expand 

into a company that dealt with “man-machine 

systems across the board” (150). BBN had been 

growing in sales at a constant rate of approximately 

19 percent a year and had dominated the acoustical 

consulting industry.  Feeling that acoustics would 

turn out to be a limited field, Beranek now claims 

that he decided that the next step would be in human 

factors. 59      Beranek argues that his philosophy of 

hiring the best and brightest made Licklider the 

obvious choice to lead BBN in this new direction of human mac

other sources suggest that Licklider was in fact mainly hired in 1

psychoacoustics and psychophysics.60 In addition to Licklider’s 

the job, Licklider and Beranek were old friends from Harvard du

Beranek started to recruit Licklider away from the position at M

originally recommended him; and in 1957, he joined BBN as vic

departments of psychoacoustics, engineering psychology and inf

Once again, it is possible to see the influence of the network of c

Beranek formed in the 1940s and cultivated throughout the 1950

 

   In the background to Licklider’s hire by BBN, the Cybernetic

among select academic groups. Norbert Wiener was a leading fo

Revolution. In his book Cybernetics, Wiener argues that any sys

communication, control, and feedback. Cybernetics is derived fr

                                                           
59 Beranek interview. 
60 Interview with Richard Pew on 20 November 2001;  Interview with Ray
2001.  Licklider himself also comments that he was hired to do psychoaco
computing.  Aspray and Norberg “Licklider.” 
61 http://www.thocp.net/biographies/licklider_jcr.html 
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meaning governor or steersman to emphasize the role of feedback in communications.  As 

digital computers came into the picture, the relationship between humans and computers and 

their respective functions began to be explored.  Wiener fervently believed that the more 

complex the computer the more direction and intelligence were required on the human 

guidance part. His vision of cybernetics was that signals in any medium, living or artificial 

were the same.   As mentioned earlier, Wiener held weekly meetings starting in 1948 which 

gathered engineers, psychologists, philosophers, acousticians, doctors, mathematicians, 

neuropsychologists, and other interested people to discuss and understand each other’s 

research.  As one attendee put it: “As time went on, we came to believe Wiener’s view of the 

universal role of communications in the universe. For most of us, these dinners were a 

seminal experience which introduced us both a world a new ideas and new friends, many of 

whom became collaborators in later years.”62  Licklider attended Wiener’s meetings and was 

influenced greatly by the ideas discussed. Once again, personal and intellectual contacts in 

Cambridge were formed through these meetings. 

     Interactive computing and time sharing eventually grew out of this Cybernetics 

revolution.  In the 1950’s, the MIT community, to which Licklider belonged, explored 

interactive computing in the form of the SAGE project’s Whirlwind computer which grew 

out of Project Charles. Whirlwind allowed users to interact with the computer directly, rather 

than having to submit punch cards to a central computer center and await the results.   

Sometimes complex programs would take weeks to debug because any small error require 

the programmer to restart the entire process.  Users found this frustrating wait unbearable, so 

this experience of real-time computing was ground-breaking.   This experience of interactive 

computing would lead to general desire for better interaction between the computer and the 

human user.63  

      The notion of a computer for personal use was foreign at this time, because computers 

cost a great deal during this time period, about the price of a major airliner at the time.64  

Many researchers realized that if a computer could be time-shared, in which several users 

could work with a computer at once by sharing the fast computational powers of the 

computer, then the computer resource could be spread much farther. The first mention of 
                                                           
62 M. Hauben and R. Hauben, Netizens: On the History and Impact on the Usenet and Internet (Los 
Alamitos, CA: IEEE University Press, 1997) pp. 79 - 80. 
63 Ibid., pp 80-81 
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time sharing occurred at UNESCO, the international conference on information processing. 

At this conference in 1959, Christopher Strachey, a British researcher, proposed the idea of 

time sharing. In the same year, John McCarthy, an MIT faculty member, also proposed the 

possible implementation of time sharing with the procurement of the new IBM 7090, a new 

transistorized computer. 65 Licklider remarked later during an interview that McCarthy was 

the motivation and action behind time sharing.66 Shortly afterward, Licklider wrote the article 

“Man-Computer Symbiosis,” which became an important formulation of a vision for the 

developing computer revolution in time sharing and networking.   Jerry Elkind says that this 

paper was beyond anyone’s expectations, and that it “essentially laid out the vision and 

agenda that would animate U.S. computer research for most of the next quarter century, 

arguably down to the present day.67 

     Man-machine symbiosis was a subset of the man computer relationship laid out by 

Norbert Wiener, but Licklider explored this topic in new depth. In his article, he stated that 

“man-computer symbiosis is an expected development in the cooperative interaction between 

men and electronic computers.”68  His vision was the enhancement of the symbiotic 

relationship between humans and computer partners to aid intellectual activity.69 A symbiotic 

relationship implies that computers would not replace humans or serve humans, but rather 

facilitate formulative thinking in a cooperative partnership.  Presently, computers could only 

facilitate the solution of formulated problems, which were heavily dependent on 

predetermined programs. In the future, Licklider saw the computer as a “colleague whose 

competence supplements your own.”70  

     The groundwork for Licklider’s article came from his work at Lincoln Lab, where he 

realized that humans and computers would perfectly complement each other in a relationship.  

Computers happened to be extremely good at tasks which humans lacked inherent skill.  

Similarly, humans were excellent at tasks of which computers were incapable such as 

intuition, judgment, insight, and other heuristic mental functions.  Thus if computers took 

                                                                                                                                                                             
64 Interview with Fernando Corbato on 29 November 2001.  
65 Hauben and Hauben, p. 81 
66 Aspray and Norberg, “Licklider.” 
67 Waldrop, p. 176. 
68 J.C.R. Licklider, “Man-Computer Symbiosis,” IRE Transaction on Human Factors in Electronics,  
(March, 1960) pp. 4 - 11 
69 Hauben and Hauben, p. 83. 
70 Waldrop, p. 176. 
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over the mundane, brute force algorithmic number crunching, humans could devote more 

time to inventing creative heuristics.   In 1957, Licklider observed that approximately 85% of 

his ‘thinking’ time was spent in clerical activities such as getting into a position to think, 

decide, or learn.  In addition to this drudge-work, the final choices he made were based on 

more on considerations of clerical feasibility than on intellectual capability. Licklider 

envisioned that computers would be the salvation from mankind’s slavery to the mundane.  

He imagined a human computer partnership which would be capable of unparalleled 

computation.71  

     Besides conjecturing about a theoretical man-computer symbiosis, Licklider also went 

into depth exploring the technical challenges which needed to be solved to achieve his vision.  

The most immediate challenge involved dealing with the speed mismatch between computers 

and humans.  He stated that “any present-day computer is too fast and too costly for real-time 

cooperative thinking with one man. Clearly, for the sake 

of efficiency and economy, the computer must divide its 

time among many users.”72 This notion of time sharing as 

a method of slowing down the computer is interesting, 

but does not appear to have been a motivating factor in 

the BBN implementation of time sharing.  Licklider also 

noted that time sharing systems were under development 

and mentioned the idea of a digital thinking center, which 

was similar to the notion of the World Wide Web today. 

He also talked about problems with memory structure, 

human computer interaction such as input output devices, 

the dissimilarity of computer and human language, and 

the difference between human and computer thinking. 

He explored early artificial intelligence concepts about machine learning and predicted the 

slow growth of the field.  

Man-Computer Symbiosis - 1960 

     When “Man-Computer Symbiosis” was published in 1960, Licklider had already been 

working at BBN for three years. Among the people who had already been thinking about the 

future of computing such as John McCarthy, Marvin Minsky, and Wesley Clark, the 
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symbiosis of humans and computers seemed intuitive. Among others the paper stirred up a 

great deal of discussion and controversy. Some became excited about the possibilities of 

computing, while others thought some of his ideas were crazy.73   However, it was the vision 

that he outlined in this paper that guided Licklider’s work at BBN.   

    Within a year of joining BBN, Licklider asked Beranek to buy a computer.  When Beranek 

asked Licklider what he wanted to do with the computer, Licklider replied that he did not 

know. Beranek recalls that Licklider said that if BBN wanted to be famous in the future it had 

to get into the computer business and that they had to get one and learn what they could do 

with it.  The cost of the computer was $30,000, which was an unprecedented amount of 

money to spend on an “unknown machine for an unknown purpose.”74 Licklider assured 

Beranek that they would be able to get contracts from the government to do basic research in 

computing.  Due to Beranek’s far reaching vision and his confidence in Licklider, the LGP-

30 computer was bought in 1958.   

     The purchase of this computer proved, in hindsight, to 

be the turning point of BBN’s concentration on acoustical 

consulting. BBN would eventually diverge into five 

separate divisions, two of which involved digital 

computing, one which retained acoustical consulting, and 

two other divisions which involved governmental 

contracts on quieting airplanes and submarines. At the 

time however, only a very small group of 

psychoacousticians were using computers and they were 

using them to assist them in their work in 

psychoacoustics rather than in exploring the possibilities 

of the computer.  Nevertheless, BBN’s purchase of the 

computer 

DEC (Dig

decided th

1 

                   
72 Licklider,
73 Waldrop, 
74 Abbate, “

 

DEC PDP-
sparked the interest of Ken Olsen who was building his new computer company, 

ital Equipment Computer).  He wanted to beta test his new computer and had 

at Licklider was the man he wanted, because of Licklider’s involvement with 

                                                                                                                                                          
 1960. 
p. 179. 
Leo Beranek.”  
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computers at Lincoln Lab and BBN.  As a result, BBN tested the PDP-1 for a month and sent 

suggestions back to DEC for improvement.75 

 

    When the PDP-1 came out, BBN bought the first machine. At first, the PDP-1 was used 

primarily for extensions of psychoacoustic research. Richard Pew, who joined Lick’s group 

in 1958 to work on engineering psychology, mentions a project for teaching sonar and sound 

recognition to US Navy ratings which Licklider set up entirely on the PDP-1.  Pew said, 

“They really pushed the PDP-1 hard. And in those days, people with ideas like that didn’t 

have any trouble getting support to do those kind of things. But Lick didn’t just leap into 

another thing. It was a gradual transition.”76 He also mentions at the same time how Licklider 

changed the direction of some of BBN’s research: 

  

            He moved it in that direction. He wanted to get computers involved and I’m 

sure he pushed, particularly in the LGP 30 and the early PDP-1 days. He was 

finding excuses to use the computer. It wasn’t that this was natural and we 

should do this, because people wouldn’t normally have done it if he hadn’t 

pushed it. 77 

 

     With Licklider and the PDP-1, many people interested in computers started flocking to 

BBN.  Through his MIT and Lincoln Lab contacts, Licklider began hiring very bright people 

that he had met at these institutions. One such hire was Ed Fredkin, whom he had met at 

Lincoln Labs, who, unlike Licklider, was a proficient programmer who immediately started 

to test the computer.  Licklider also hired McCarthy and Minsky, who would become 

prominent figures in the field of artificial science, as summer consultants in 1959.78  It is 

interesting to note that many of these hires of computer researchers were taking place without 

Beranek’s knowledge.   Meanwhile, the acoustical consulting division of BBN was suffering 

a major setback. They had gotten a contract to design the Philharmonic Hall in New York’s 

Lincoln Center. However, the architect did not follow the specs and ended up botching the 

job. The opening of the Philharmonic Hall was delayed over three years and modifications to 

                                                           
75 Beranek interview. 
76 Pew interview. 
77 Pew interview. 
78 Beranek interview. 
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the hall cost millions of dollars.79 It was not 

until the 1990s that BBN returned to this 

area of activity, redeeming themselves with 

the successful design of the Tokyo Opera 

House.80  As a result, BBN’s acoustical 

division suffered a significant crisis of 

confidence and in BBN’s 1961 annual 

report, Beranek noted that the company had 

“this past year we chose to forego immediate profits by incu

expenses, thereby laying the groundwork for future propriet

Licklider took advantage of this redirection to acquire more

research.  

 

 

      With the influx of people interested in time sharing at B

computing research, the scarcity of computing resources bec

in his visionary paper that time-sharing was a critical infrast

development of his vision of human-computer symbiosis. A

implementation of time sharing on the PDP-1.  The machine

quadrants and run day and night with the users sitting at the

programming.  The system served its purpose of writing and

Licklider points out, the PDP-1 was not a “serious computer

terms of memory and computing power that there was not m

the PDP-1 time sharing system at BBN was the first time-sh

demonstrate that time sharing was a feasible reality and not 

 

     It is important to note that although the demonstration at

time sharing, the actual hardware and software implementat

general time sharing research community who went on to de

Jerome Saltzer and Fernando Corbato, who were involved in

CTSS  (Compatible Time Sharing System) at MIT’s Compu
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there was a time sharing system at BBN, but also mentioned that there was no direct 

interaction between the research groups.83 The BBN PDP-1 implementation of time sharing 

was only used within BBN and subsequent projects and appears to have had little effect on 

subsequent specific implementation of time sharing outside of BBN. However, the time 

sharing effort was the final turning point for BBN.  From this point on, BBN knew that time 

sharing was possible, knew how to implement it, and had only to find the projects to 

capitalize on this new found knowledge. 

 

     With time-sharing on the horizon, BBN still attracted many people from both an acoustics 

background and a computing background. Frank Jackson, who was a graduate student at 

Brown in linear acoustics, claims that BBN had the most fantastic reputation and was the 

elite place to be in acoustics.  He ended up staying at BBN for thirty seven years.84  On the 

other end of the spectrum, Paul Castleman, who was a graduate student at Harvard in applied 

math, came to BBN because of his interest in medical computing.  Many like Castleman took 

up an interest in time sharing, because time sharing allowed them to develop what they truly 

cared about. In Castleman’s case, he and Jordan Baruch went on to develop a hospital 

computer time sharing project that involved up to 64 users and aimed to fully computerize 

patient records.85 

 

     By the early 1960s, developments at BBN which are now recognized as having been 

crucially important in the history of computing had taken place. Licklider had spearheaded 

the development of time sharing as a way of implementing the first steps towards his vision 

of man-machine symbiosis. He had recruited a group of talented researchers and had, with 

Leo Beranek’s assistance, provided the environment for BBN to make real what other 

researchers were only able to talk about.  However, the ground-breaking research in 

computing did not spill over to other research divisions at BBN. In fact, later on in BBN’s 

history, Richard Pew notes that “that became a problem because the acoustics folks, now the 

physical science folks were very late in recognizing the role that computers could play in 

their work.” Although Pew also noted that “Everybody liked Lick, there was never any 

animosity, they respected his knowledge, particularly because it was in psycho-acoustics and 
                                                                                                                                                                             
82 Aspray and Norberg, “Licklider.” 
83 Corbato interview; Interview with Jerome Saltzer on 29 November 2001. 
84 Interview with Frank Jackson on 26 November 2001. 
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that was something they could relate to, so from that point of view, they never had any 

problem with Lick being around.” 86  

 

    A combination of his charismatic personality, his technical mastery, and his laissez-faire 

management style greatly helped Licklider’s heterogeneous engineering.  However, part of 

his success was also a result of the pre-conditions at BBN created by Leo Beranek.  As 

Mackenzie uses the term heterogeneous engineer, it refers to an engineer who is able to 

engineer “the social as well as the physical world.”87 Licklider was able to gather interests to 

his cause, in particular, Leo Beranek and his organization, although it was Beranek who had 

originally recruited Licklider. Licklider was able to gather and train a group of extremely 

talented people around him to further his vision. And finally he was a successful engineer, as 

under his direction BBN engineers did in fact demonstrate one of the world’s first time 

sharing systems, which shaped the direction of BBN’s research for years to come.  It is 

important to note however, that Licklider did not attempt to entirely change BBN and as 

such, BBN still continues to work in the fields of acoustics and applied physics.  What 

Licklider did was to transform the small psychoacoustics group into a computing research 

group that drew BBN fully into the network of computing research going on in Cambridge in 

the late 1950s and early 1960s. 

 

      In comparison to Licklider, John McCarthy, who Licklider acknowledges as the pioneer 

of time sharing systems, was an excellent theorist but a poor heterogeneous engineer. 

Licklider later commented that during the early development of time sharing, “the powers 

that be thought McCarthy's requirements were preposterous. McCarthy wanted a million bit 

memory --not a million words, I think it was just a million bits -- but at that time, of course, 

that wasn't responsible thinking.”88 McCarthy was unable to engineer the support he needed 

from either MIT or IBM to implement his vision.89 Licklider’s more responsible idea to 

implement time sharing on the extant PDP-1 on the other hand, was able successfully to 

make the transition to reality.  

                                                                                                                                                                             
85 Interview with Paul Castleman on 20 November 2001. 
86 Pew interview 
87 Mackenzie., p. 27 
88 Aspray and Norberg, Licklider Interview 
89 Corbato interview. 
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SECTION FIVE: 1960 – 1962: TIME SHARING 

 

     By 1964, the phrase time-sharing had become a general-purpose word. It was being used 

to describe any system that incorporated elements of space sharing, multiple processing, and 

remote online man-machine interaction.90 One view of time-sharing, often referred to as 

multiprogramming, dealt with hardware efficiency in the sense of attempting to attain 

complete utilization of all components. The second viewpoint considered the efficiency of 

persons trying to use the computer.91  It is the latter viewpoint that Licklider subscribed to 

and it is this version of time-sharing that was implemented on the PDP-1 (Programmed Data 

Processor Version 1) at BBN.92  This section will discuss the need for time-sharing at BBN, 

the machine specifications of the PDP-1, and the system design of the PDP-1 for time-

sharing. Finally, we discuss the reasons the general time-sharing research community 

never adopted the implementation of time-sharing on the PDP-1.   

 

    At BBN, Licklider had been successful in exploiting BBN’s environment to further his 

goals on man-computer symbiosis. Also taking advantage of BBN’s concentration on 

research during this period, he was able to direct many of BBN’s research efforts into 

computing. Additional demand for computer time occurred from Ed Fredkin writing the 

assembly language, DECAL.93  DECAL allowed programmers to debug their programs 

more easily. As a result, more projects started using the PDP-1 and consequently the demand 

for scarce computation time grew with time. Employees mentioned having to come in at 2am 

in enter programs via cards and tapes.94  As the use of the PDP-1 became more prevalent, 

more and more engineers were vying for computer time. Because the computer did not yet 

have a time sharing system, engineers that wanted more computer time would have to work 

late hours, when the machine was free. 95  This caused a demand for the development of 

better man-machine interaction, in the form of time sharing.    

                                                           
90 Arthur M. Roseburg, “Computer-Usage Accounting for Generalized Time-Sharing Systems,” 
Communications of the ACM, v. 7, n. 4, (May, 1964), pp. 304-305 
91 F. J. Corbato, M. Merwin-Daggett, Robert C. Daley, “An Experimental Time-Sharing System”,  Spring 
Joint Computer Conference (May 3, 1962), pp. 335 – 344.   
92 Licklider, pp. 4-11. 
93 Nickerson interview. 
94 Nickerson interview. 
95 Pew interview. 
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     Licklider pushed for the implementation of time sharing on the PDP-1, the most powerful 

machine he had access to at BBN. The PDP-1 was a batch processor which was not built for 

time sharing. A time sharing implementation needed to be able to interrupt the current disk 

seek more efficiently, but in batch processing computers, programmers had no control over 

when the disk seek returned control to them. Disk seeks were based on searching through the 

disk registry for keys, and programmers would have to wait until the whole disk had been 

searched before an interrupt could occur.   

 

      At the time the PDP-1 was described as, “A high-

speed, solid state digital computer designed to operate 

with many types of input-output devices with no 

internal machine changes. It is a single address, single 

instruction, stored program computer with powerful 

program features.”96  It contained a central processor 

that contained the control, arithmetic and memory 

addressing elements and the memory buffer register; a 

memory system that contained 4096 words of 18 bits, 

but was expandable to 65,000 words and a magnetic 

core memory of 5 micro-seconds; a variety of buffered 

input-output devices including a typewriter, a 

photoelectric tape, an 18-bit real time clock, a light pen 

and a display system that allowed graphical presentations.97 Licklider was very fond of the 

light pen, because of the interactivity it allowed. The PDP-1 was designed to connect to a 

large number of input and output devices. Some examples of these include a magnetic tape, a 

cathode ray tube (a monitor), a printer, a DA converter, and an AD converter. One of the 

points stressed in the manual for the computer is the ease by which any other input device 

could be added to the machine.  This feature also increased the possibilities for interaction 

with the PDP-1. 

PDP-1 Logic Diagam 
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     Given the limited number of registers and the small size of memory in the PDP-1, only 

one user program occupied the core memory at a time. In order to achieve the multi-user 

operation of having several programs running, a magnetic drum-storage medium was needed. 

One user program would be written into core memory while the programs were stored on the 

drum. The process of swapping user programs from core to drum took 33ms. In order to 

maintain control over the user’s program while it resided in a main memory an supervisor 

program was needed. The supervisor program utilized a round robin scheme to ensure that 

every user program got equal time in the core memory.98  The first public demonstration of 

time sharing by BBN in September 1962 involved only two users and so a round robin 

scheme was not necessary, but the demonstration described in 1963 to the Spring Joint 

Computer Conference involved five users and a round robin scheduler was necessary.99 

There were two cases for swapping a user program. One was if the pre-determined time in 

core memory had expired and the second was if the program had no more computation to 

perform. Situations that satisfied the second case were if the program was waiting for an I/O 

command or if the program had halted. Given the approximate human reaction time of .2 

seconds 100 and the delay between typing a character at the typewriter and seeing it appear on 

the console, the scheduler would place a user’s program in the round-robin queue when a 

character had been typed into its buffer. Since most of a user’s time was spent typing, this 

allowed the computer to use this otherwise wasted time to run programs for other users. 

 

     Key features of the implementation of time sharing included the supervisor program, the 

interrupt handler, and a new use for the clock.  Each user program was kept in main memory 

for at most 140 ms. The clock had to be modified so that it could inform the supervisor 

program to take appropriate action for memory swapping.  Interrupts in the user program 

could occur either through commands on peripheral devices or through the supervisor 

program. However, the latter had priority over any user interrupt.  The supervisor program 

needed to be able to control these interrupts so swapping could occur according to the round-

robin scheme.  The supervisor program was called when either a supervisor interrupt was 

executed or an input/output trap was needed. An interrupt occurred when either the user 

program’s time in core memory had expired, the user left and had just activated his console, 

                                                           
98 Saltzer interview 
99 Norberg and O’Neill, pp. 86-87. 
100 Corbato, et. al. 
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or the typewriter or tape reader needed attention. Traps arose either when the user program 

had performed an illegal instruction or when the user program was about to give an output or 

had just received an input or some programming feature in the supervisor was activated.101  

 

     To reduce the dependency on calling programs through program tapes, a program file 

handling system was created. This allowed the user to call their programs through command 

lines via the console. To improve the efficiency of the system, commonly used programs 

were stored permanently on one section of the drum. These programs included those used for 

editing, debugging and DECAL, the assembly language. Since the drum was already limited 

in size, a user who was not currently present at a console was removed from the drum. His 

program would be backed up on the paper tape until he reappeared at the console.  

  

     Licklider had had the vision of time-sharing but it was Fredkin who responsible for the 

implementation. Fredkin came up the idea of swapping users between main memory and 

the magnetic drum and it was he who convinced Ben Gurley, then Chief Engineer at DEC 

to make the necessary modifications to the PDP-1. Fredkin also convinced McCarthy that 

time-sharing was possible on a computer with limited memory as the PDP-1.102  This is 

another example of Licklider’s heterogeneous engineering of recruiting necessary resources, 

in this case, the technical skills of Fredkin and Gurley, to his benefit.  The PDP-1 was not 

built by DEC to be a time-sharing machine. Changes that needed to be implemented included 

preventing interference among programs running for different users, allowing different user 

programs to communicate with the input/output devices, and preventing user programs from 

issuing random commands that would interfere with the supervisor program. The last feature 

is interesting in that it was believed by some that BBN belonged to the ‘Club House 

system’103 such that everyone was a buddy and everyone assumed that everyone was well 

behaved so no one would try to sabotage another users’ program.  However, given that one of 

BBN’s main clients was the US military, it seems likely that any experiments that were time-

shared (that is any military research programs that were being run under a time-shared 

system) would have to be properly controlled. The researchers needed to be certain that the 

                                                           
101 Corbato interview;  J. B. Dennis, “A Multiuser Computation Facility for Education and Research” 
Communications of the AMS v. 7, n. 9, (September 1964) pp. 521-529. 
102 Norberg and O’Neill,  pp. 86-87. 
103 Corbato interview. 
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program was not corrupted by another program. This meant that some system needed to be 

implemented to trap the I/O commands of each user program to ensure the integrity of all 

other programs. 

  

     However, before time sharing could be fully implemented on the PDP-1, the main system 

designer, Fredkin, left the company.  This departure disrupted the momentum of BBN’s time 

sharing development and led to the hire of McCarthy as a technical consultant on the time 

sharing projects and Sheldon Boilen to do the programming.104 When BBN finally made its 

public demonstration of time sharing in 1962, McCarthy reflected that there were a few bugs 

in the system. The demonstration might have been more successful if Fredkin had not left the 

BBN at this critical stage in time sharing development.   

 

      However, the main reason the academic research community did not adopt BBN’s 

implementation of time sharing on PDP-1 was due more to the limitations of the machine 

itself than Licklider’s vision of man-computer symbiosis. The main problem that researchers 

had with the PDP-1 was its limited memory size.105 Since memory swapping on the PDP-1 

involved removing the entire contents of main memory, the efficiency of memory swapping 

algorithms that could be applied to the PDP-1 were severely limited. In contrast, the PDP-6 

and PDP-10 machines included virtual memory, which allowed BBN to develop new time 

sharing systems.106 These systems would influence the general research community.  This 

shows that the lack of influence of the time sharing implementation on the PDP-1 was a 

result of the limitations of the PDP-1.  

      

   With the advent of the time sharing system, multiple programmers could run their programs 

throughout the day, without disturbing other users of the machine. However, the machine still 

had limited resources. If the program that a user wanted the machine to run was not already 

loaded onto the drum, then the user would have to wait for the paper tape reader to become 

free. While the time sharing code greatly increased the access to the PDP-1 it did not increase 

the access universally. A study by Michael M. Gold in the late 1960s on the difference in 

efficiency between time-sharing and batch processing found that time-sharing gave faster 
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feedback, as in it reduced the amount of time they would spend with the computer. Running 

programs with batch processing required reading through the entire memory dump, but 

programming with a time shared computer allowed interactive real-time debugging. Time-

sharing improved man-computer interaction by making a higher rate of problem solving 

possible.107  

      

     From BBN’s viewpoint, the experiment of time sharing on the PDP-1 was a success.  

They had set out the goals of developing a computer system that would let several users 

work simultaneously and independently with a single fast digital computer and of 

developing programs to facilitate real-time control of research studies.108 By 1963, they 

had achieved these goals. BBN’s research in time sharing gave them the knowledge to 

pursue applications in debugging, computer calculations and text editing.109 This 

knowledge would prove key to the computer related spin-offs and subsidiaries that BBN 

would form in the ensuring years. 

 

      

                                                           
107 Michael M. Gold, “Time-Sharing and Batch Processing: An experimental comparison of their values in 
a Problem-Solving Situation,” Communications of the ACM, pp. 249-259.   
108 “BBN Annual Report 1961,”  p. 16. 
109 J. McCarthy, S. Boilen, E. Fredkin, J.C.R. Licklider, “A Time Sharing Debugging System for a Small 
Computer,” AFIPS Conference Proceedings, 1963 Spring Joint Computer Conference, v. 23, 1963, pp. 51-
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SECTION SIX: 1962 – PRESENT: BBN AFTER LICKLIDER 

 

     The implementation of time-sharing in 1961 was, as already noted, a turning point for 

computing research at BBN.  The limited success of this effort had shown the commercial 

potential of this technology, and the computing research groups at BBN were filled with 

people who were committed to the idea of using timesharing.  Licklider’s vision had brought 

these talented researchers into BBN, who were then required to support their efforts by 

finding government or commercial sponsors.  Computing technology soon became a 

significant part of BBN’s business, even with the departure of some key employees, 

including Licklider in 1962.  This section discusses BBN after 1961 and will briefly outline 

the individual careers of Licklider and Beranek after their departures from BBN.  Finally, this 

section will briefly note the way that the transition from acoustics to computing in the 1960s 

has now be made to seem natural by both BBN and its founders. 

 

     Given the value placed on technical expertise at BBN and Licklider and Beranek’s 

policies of hiring the best and brightest, it is not surprising that by 1962, the people Licklider 

had brought into BBN were leading research groups. Licklider’s PAL colleague, Karl Kryter 

was running the psychoacoustics group, and Jerry Elkind and Tom Marill, who had been a 

PhD student of Licklider, were both in change of research units.110 Computers also had a 

strong presence at BBN.  BBN had purchased four PDP-1s and the company had obtained a 

number of contracts for computer-based work.111  BBN submitted a proposal to the National 

Institutes of Health (NIH) to design, develop and implement a time-shared information 

system for Massachusetts General Hospital. This project allowed nurses and doctors to create 

and access patient records at nurses’ stations, all connected to a central computer.  Another 

computer related project that BBN had with MGH was the creation of computerized patient 

information libraries. Jordan Baruch believed that hospitals could keep more accurate 
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information on patients and so he suggested that BBN computerize record handling at MGH, 

which led BBN to look at the possibilities of using computers to transform libraries.112  

 

    This momentum was threatened by the departure of two key employees. First Ed Fredkin 

left. Fredkin’s personality did not fit in the culture of consulting.113 BBN was a laissez-faire 

environment, but not so laissez-faire that employees could fail to show up for work on a 

regular basis. To continue the work on the time-sharing project at MGH, Licklider again 

hired McCarthy as a consultant. Fredkin’s leaving also forced BBN to delay their public 

demonstration of time-sharing on the PDP-1 until September 1962.   In the words of John 

McCarthy in a report in 1983, “the time sharing PDP-1 that was installed at Massachusetts 

General Hospital was not a success. The computer was inadequate, there were hardware and 

software bugs, and there was a lack of application programs, but mainly the project was 

premature.”114 

     

    The real blow to BBN’s immediate work in computers was the departure of Licklider to 

work at ARPA in October 1962. The Advanced Projects Research Agency had been formed 

in the late 1950s, one of a number of US government investments in science and technology 

following the Soviet Union launching Sputnik in 1957.115  Licklider was recruited by the then 

director of ARPA, Jack Ruina, to head up two departments: the Behavioral Sciences and 

Information Processing Techniques Offices.  Licklider, who had been responsible at BBN for 

the hiring of 20 to 30 employees, the purchase of several expensive computers, and bidding 

for contracts in the computing field had left the company. Initially, Licklider’s tenure at 

ARPA was supposed to be one-year sabbatical away from BBN.116 However, it soon 

became apparent that Licklider was not returning to BBN. Even worse however, was the 

fact that Licklider was now responsible for distribution lots of funds for computer related 

projects but BBN could not legally receive funding from him as he was a former employee of 

BBN.117  
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       Licklider brought the culture of BBN with him to ARPA. According to Robert Fano, the 

MIT professor who wrote the proposal for Project MAC, “Licklider was very different from 

most head of branches of the government, … not sitting in your office waiting for proposals 

to arrive after sending out a brochure …running around the country trying to generate 

enthusiasm. ”118  Licklider had two main incentives for joining ARPA; one was access to a 

more advanced computer. At the time, ARPA had obtained from the ARMY a Q-32 

computer, one of the most powerful computers at the time. As in the case of BBN’s PDP-1, 

“one of Licklider’s main tasks was to find better uses for the computer other than numerical 

calculations” 119 The other incentive was the influence he would have in the field of time-

sharing. As Head of the Information Processing Techniques and Behavioral Sciences Office, 

Licklider supervised a budget of $80 million for computer related research project. In fact 

Licklider was fondly referred to as the “Johnny Appleseed of computers”.120 He would be co-

ordinating research among companies (including BBN) and dozens of Universities including 

MIT, SDC, Berkeley, and UCLA on issues such as time-sharing. He jokingly referred to this 

group as the Intergalactic Computer Network, and it was this group that would eventually 

form the core network who created the ARPAnet. In 1964 (before the creation of 

ARPANET), Licklider left to become Manager of Information Sciences, Systems and 

Applications at IBM.121  

 

     At BBN, John Swets, a postdoctoral student of Licklider in the MIT psychology 

department, was selected to manage Licklider’s projects.  In addition, Swets had played a key 

role in the development of signal detection theory. He was hired as a part time consultant 

around 1960. He remained at BBN until the late 1990s.122  As mentioned earlier, BBN’s work 

in computers resulted in the purchasing of computers from Digital and IBM, the redesigning 

of offices to include these machines and hiring of new employees. In the words of Leo 

Beranek, in Roots of the Internet A Personal History, “By 1968, BBN had hired over 600 

employees (and consultants), more than half in the computer division. These included many 

names now famous in the field: Jerome Elkind, David Green, Tom Marill, John Swets, Frank 
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Heart, Will Crowther, Warren Teitelman, Ross Quinlan, Fisher Black, David Walden, Bernie 

Cosell, Hawley Rising, Severo Ornstein, John Hughes, Wally Fuerzeig, Paul Castleman, Ed 

Fredkin, Sheldon Boilen and Alex McKenzie.”123 While the departure of Fredkin and 

Licklider had caused a temporary slowdown in BBN’s computing research, by the end of the 

1960s this part of BBN had completely reemerged and was thriving on the basis of 

Licklider’s vision and the people he brought into BBN to support that vision. By the mid 

1960s there were three main areas of computer research, artificial intelligence, computer graphics 

and computer systems. In acoustics, the main groups were underwater acoustics, as BBN had a 

thriving business with the US Navy, architectural acoustics under Newman, and acoustics in 

information sciences. 124 By 1966, a group could be doing work in speech processing, artificial 

intelligence and control theory.125 

    

     What was also changing in the late 1960s was the way the public began to view BBN. In 

1965, Richard Bolt approached the consulting firm of Val Laughner Associates to assess the 

“impression of BBN within the financial community and other groups, public or otherwise 

that might have some influence on the company’s growth”. The report by this consulting firm 

claimed that BBN had “done a fantastic job of building its image in the acoustics field even 

allowing for certain setbacks like Lincoln Center, but that the same image was not projected 

from other areas of the company activity”.  They claimed the reason for this was that 

acoustics was still the company’s core capability and the area that the public had the most 

direct contact with, it also suggested publicizing and emphasizing the computer aspects of 

BBN as this offered the greatest immediate financial reward. According to the report, the 

computer capability within BBN was certainly among the best in the country, but they were 

not making profitable use of their brainpower.126 

 

     The later actions of BBN showed that they took the report to heart. In a 1968 letter to the 

shareholders of BBN, Beranek reported, “Industrial sales of $2.5 Million were achieved from 

operations that did not exist five years ago: Telcomp, Data Equipment, Digital Systems, and 
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the Honor Product Division.”127  Telcomp was in the BBN tradition of creating spin-offs or 

subsidiaries to produce the products that BBN research invented. The goal of TELCOMP was 

to allow subscribers in Boston and New York to access time-shared digital computers by 

using teletypewriters connected to machines via dialup telephones. However, this spin-off 

was short-lived as GE entered the market and with its access to computer resources and 

existing distribution channel was able to profitably undersell BBN and quickly take away its 

market share in the time-sharing business. GE was able to be successful in the time-sharing 

business, as it had partnered with Project MAC members at MIT to design time-sharing 

machines.128 

 

    BBN also spun off several other companies during this period, including Data Equipment 

Division, which was located in Santa Ana, California. DED was spun off to market plotters 

and terminal devices for digital computers. Digital Systems was also a BBN spin off who 

focused on the design and implementation of commercial time-sharing systems for various 

applications, and whose successes included a contract with Pacific Coast Stock Exchange.  

Finally, BBN also created Honor Products Division, located in Cambridge.  This organization 

provided services and materials for education and training purposes. In 1968, their main 

product was the Teaching Machine, an electromechanical device for presenting programmed 

instructions.  

    What is clear is that once BBN’s management fully realized they were in the business of 

computers, they saw it as the field that would give them the greatest growth. In 1963, when 

these subsidiaries were founded, their projected 1970 income was 23.6 million dollars, 129 of 

which approximately two thirds would come from computing.  
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                                                                        Millions 

Applied Physics and psycho-acoustics:          5.4 

Information Science and Technology:            5.4 

Architectural Acoustics & Noise Control:     1.4 

New Areas (Telcomp etc)                              5.0 

California (Data Equipment)                          5.0 

Income from Joint Ventures, Europe And Royalties           1.4 

Totals                                                                             23.6 

Suggested Profit after Taxes                        1.5 

          

During the late 1960s and the 1970s, BBN continued to be heavily involved in computing 

research, developing networking technologies for ARPAnet, among other projects.  In 1968, 

BBN was awarded the contract for the development of the Interface Message Processor, the 

intermediary computer between the network and the individual computers on the newly 

proposed ARPAnet.  This was a technically complex project, involving the development of 

both new software and hardware.  It was also an expensive project, costing almost $100,000 

just to submit the bid.130  While this contract is obviously interesting as a key piece of the 

development of what is now the Internet, it casts interesting light on several of the themes 

that this report has discussed.  First, the ARPAnet was clearly inspired by J.C.R. Licklider’s 

vision and the request to bid for the IMP came to BBN via Jerry Elkind, Licklider’s advisee, 

who was leading a research division at BBN at the time.131  The contract was then passed on 

to Frank Heart, who had come to BBN from Lincoln Lab to work on medical computing.  

Frank Heart had been working on the Whirlwind computer at Lincoln Lab.132  The personal 

and professional networks around BBN, MIT and Lincoln Lab, created in part by Licklider 

were still in full operation in 1968, even though they had started nearly thirty years 

previously.  Second, the fact that, in 1968, BBN had the hardware and software expertise to 

consider bidding on this kind of contract, shows the success of Licklider’s heterogeneous 

engineering of BBN, even six years after his departure.  The fact that BBN was also 

confident enough to spend $100,000 also reflects the quality of staff brought in – a deliberate 
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policy of Beranek’s.  Finally, the management philosophy that allowed the contract work to 

be completed also reflects the ongoing influence of Beranek and Licklider:  “The BBN team 

[…] had a very simple hierarchy.  Everybody reported to Heart, who handed out the tasks and 

saw that they got done.  Heart had a boss, but he appeared to be giving Heart ample latitude 

to do as he pleased with this project.”133 

 

    BBN today is still a leading computing research firm and is still based in Moulton St. in 

Fresh Pond, although they are now a division of GTE, having been acquired in 1998.  Their 

research expertise is still in networking, speech recognition, and educational software.  BBN 

still works in underwater acoustics and applied physics, but the key focus of the organization 

is now very much computing.134  Indeed BBN and its founder, Leo Beranek, now see the 

transition of BBN from acoustics to computing in the 1960s as very natural.  Beranek 

comments that he hired Licklider to take the company in this direction, although this report 

has shown that Beranek’s interpretation of the circumstances of Licklider’s career at BBN is 

somewhat revisionist.135  The BBN web site has a timeline showing the notable achievements 

of the organization from 1948 to the present, and it is noticeable that starting in 1960, almost 

all the achievements listed are computing related, even though as this report has shown, 

computing was a very small part of BBN's research activities in the late 1950s and early 

1960s.136  

 

    Leo Beranek continued as president of BBN until 1969.  For the next two years, he was 

chief scientist in acoustics before eventually retiring from BBN in 1971 to become president 

and CEO and one of the principal stockholders of Channel 5-TV, WCVB in Boston.  Other 

positions that he has held include chairman of the Boston Symphony Orchestra from 1983-

1987, president of the American Academy of Arts and Sciences from 1989-94 and member 

of the Board of Overseers of Harvard from 1984-1990.137 

                                                                                                                                                                             
132 Norberg and O’Neill, pp. 170 - 171 
133 Hafner and Lyon, p. 101. 
134 See the BBN corporate website, http://www.bbn/com 
135 Beranek interview. 
136 http://www.bbn.com/timeline/60.html 
137 Abbate, “Leo Beranek”; Beranek interview. 
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CONCLUSION 

 

     This paper has explored the transition of BBN from an acoustical consulting firm into one 

of the country’s leading computer research and development firms.   We argue that this 

transition was the result of heterogeneous engineering by both Leo Beranek and  J.C.R. 

Licklider.  Beranek brought together a disparate set of technical and social elements to create 

his organization, BBN, which was a unique environment for science and technology research 

in Cambridge in the 1950s. Licklider, inspired by his vision of man-computer symbiosis, then 

used the conditions created by Beranek and partially transformed BBN into a vehicle for the 

realization of this vision.   

 

      The social networks around Cambridge in the 1940s and 1950s provided personnel and 

material support for BBN’s transition.  These networks, in some cases, dated back to the 

Second World War and the wartime research laboratories of MIT and Harvard.  Another 

network was the intellectual and social network centered around Norbert Wiener and his 

gatherings of people interested in exploring ideas of cybernetics.  Finally, the summer 

sessions at MIT, which attracted bright people from around the country interested in pursuing 

research in emerging scientific fields, drew many key figures to Cambridge. Both Beranek 

and Licklider tapped into these networks to achieve their successes and in doing so, created 

new links that were to continue long after both men had departed from BBN. 

 

     The structure and philosophy of BBN proved critical. In BBN, Beranek had combined 

aspects of the academic world with the commercial world to create an environment that 

proved particularly conducive to change.  Change at BBN took many forms.  People entering 

the BBN environment had unprecedented opportunities to advance both their careers and 

their ideas.  This was not accidental. From BBN’s origins, Leo Beranek had made a policy of 

hiring only the best and brightest and had then carefully designed a management structure for 

his organization that would allow these people to fulfill their promise.   J.C.R. Licklider 

shared Beranek’s philosophy of laissez-faire management, which was unsurprising as it 

appears to have emerged from their shared experiences at Harvard during the Second World 

War.  Once again, both men used their skills as heterogeneous engineers to engineer 
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philosophies that allowed them to form bodies of engineers and scientists to support and 

advance their particular visions. 

  

    Finally, technological factors and skills were also key to Beranek and Licklider’s 

successes.  In the early years of BBN, Beranek’s skill as an acoustical engineer provided the 

basis for his acquisition of growing amounts of business, which he was then able to exploit 

fully.  By the mid-1950s, interactive digital computing and time-sharing were “in the air.” As 

the use of computers increased in the academic and commercial worlds, it became 

increasingly obvious that computers must be time-shared. Both the cost of the computers and 

the time involved in batch processing meant that any progress towards J.C.R Licklider’s 

vision would require a fundamental change in human-computer interaction.  This was also a 

factor in Licklider’s success in developing one of the world’s first time sharing systems at 

BBN, which in turn, gave rise to many commercial and academic opportunities on which 

BBN was increasingly able to capitalize.   

 

     In order to understand the transition that occurred at BBN, it is helpful to recall the 

concept of a technical trajectory.  In the case of BBN, it is easy in hindsight to see that 

computing research was indeed the way of the future and that BBN was simply an early 

adopter of this obvious trend.  This formulation describes computing research as inevitable, 

as if on the purchase of BBN’s first computer in the 1950s, it was predestined that BBN 

would smoothly transition into this new area.  However, as this report has shown, the 

transition did not occur this way.  A multitude of factors were involved, intertwining social, 

organizational and technical aspects.  In terms of technical trajectories, the BBN situation can 

best be described as a trajectory displaced, at least in part.  The collection of social interests 

that were supporting and sustaining BBN’s trajectory in acoustics were in part displaced by a 

another set of social interests that sought to have BBN move into computing.  From 

Licklider’s attempt to render his vision a reality, BBN’s trajectory was changed from purely 

acoustics to include computing research.  And from this transition, both BBN as an entity and 

a collection of individuals went to change the world. 
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