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 Maintaining Humans   

    Edward   Jones-Imhotep    

   This is a chapter about distrust. It focuses on the early Cold War, but 
it is not simply about the distrust of people or political actors: the 
distrust of humans. Its investigations occupy the physical, conceptual, 
and symbolic spaces around complex electronic instruments, but it is 
not strictly about the distrust of material and machines: the distrust of 
technology. Instead, I want to explore how, where, and why these seem-
ingly distinct spheres of distrust—the human and the t echnological—
came together and defined one another during the early Cold War. 
At a time when both people and technologies were perennially sus-
pect, when the failure of electronic devices carried potentially cata-
strophic consequences, how were anxieties over the trustworthiness of 
machines in fact concerns over the reliability of humans? 

 The fuller history of how electronics were made reliable has yet to 
be written, but two bodies of writing—histories of electronics, and his-
tories of cybernetics—both have important things to say about that 
emergence. Historians of electronics have often seen the story as a 
straightforward material trajectory—that is, as a history of  m aterials  
and  devices . Better electronic parts were (on this view) what mattered, 
particularly the triumph of robust solid-state transistors over the fragile 
evacuated glass of vacuum tubes.  1   The key to overcoming the cata-
strophic failures that plagued complex electronics in the early Cold 
War, this literature suggests, lay in semiconductor physics and manufac-
turing techniques that underwrote the move to solid-state electronics. 
Alongside this narrative of material progress, historians of cybernetics 
have examined the  conceptual  innovations in communications, com-
mand and control that drove and enabled efforts to create the sprawling 
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man-machine systems of the Cold War. Building on prewar traditions 
of communications engineering, on wartime encryption and gun-lay-
ing, and on the analogies they allowed between humans and machines, 
cybernetics offered solutions to problems of integration and control, 
making possible the construction of central, real-time military control 
systems on a gigantic scale, and furnishing a supple and powerful lan-
guage of integrated systems ranging from biology to social science.  2   

 Both of those perspectives are immensely valuable. But they are not 
strictly what interests me here. If taken too far, focusing exclusively on 
materials and concepts threatens to obscure a multitude of other sites 
of deep anxiety over the relation between people and machines in Cold 
War technology. There is a way to take seriously the view that making 
electronics reliable was crucially a problem of people and devices while 
decentering both integrated circuits and cybernetic operators as the 
focus of those concerns. In exploring the historical problems surround-
ing technological reliability, we need to place humans on par with the 
machines they engaged; but we also need to push beyond the disem-
bodied and idealized human operators of cybernetics or the small-scale 
materiality of solid-state components to recognize how the problematic 
points of engagement between humans and machines proliferated dur-
ing the early Cold War and engaged the broad scope of the human 
sciences. Circuit iconography introduced to guide the rational facul-
ties of junior engineers; machine architectures calculated to prevent the 
all-too-human faults of equipment operators; and teaching machines 
designed to discipline the minds of maintenance technicians—all 
became crucial battlegrounds over how to make people, and therefore 
electronics, dependable. Their interrelated stories suggest that making 
Cold-War technology trustworthy involved shaping historically specific 
classes of people as well as specific classes of things. 

 The emergence of reliable machines—the idea and the artifacts—is 
part of a larger social and cultural history of the “technological self”. 
Broader histories of the self have explored the manifold techniques 
that shaped specific kinds of historical subjects: Ancient Greek prac-
tices of meditation, fasting, reflection, and writing that prepared the 
philosophical self for enlightenment; or scientific practices of quan-
tification, correlation or medicalization that went into “making up” 
schizophrenics and suicides.  3   Others have turned their gaze to the 
scientific self, the knowing subject that in the mid-nineteenth century 
took shape through the keeping of lab notebooks, the discipline of 
grid-drawing, the production of scientific atlases, and the epistemic 
self-examination that underwrote the ideal of objectivity.  4   This 
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chapter builds on that work and others by suggesting that the very 
idea of technological reliability was bound up with changing concep-
tions of the kinds of people we ought to be.  5   Imagining trustwor-
thy machines and making them behave in trustworthy ways involved 
simultaneously shaping human subjects as well as material objects. 

 To begin exploring the wider place of the human in the technologi-
cal anxieties of the Cold War, this chapter focuses on one group of 
problematic people at the core of reliability concerns—maintenance 
technicians. A number of scholars have suggested the importance of 
maintenance work in our understandings of technology.  6   That atten-
tion is all the more important in our study of the Cold War human 
sciences, since some of the key concerns of maintenance are to watch, 
observe, and guard, all activities central to the experience of the Cold 
War.  7   In that context, the figure of the maintenance technician itself 
became a focus of intense observation and anxiety. Taken up by engi-
neering psychology, it was quickly positioned at the intersection of a 
newly rationalized material culture of war, and a set of legible human 
capacities designed to repair that culture when it broke down. The 
problem of making electronics reliable was, for engineering psycholo-
gists, a problem of defining technicians as figures who could  think and 
act  in trustworthy ways. Organizing their work around a continua-
tion of wartime concerns with both equipment design and personnel 
selection, these researchers generated machines that would embody 
an idealized understanding of the mental and physical work of main-
tenance. At the same time they picked out of the messy and seemingly 
unstructured acts of maintenance precisely those human capabilities 
that were selectable, teachable, and manageable—capabilities that 
would ensure the Cold War could continue to be fought. But how 
did the problem of failing electronics come to involve the work of the 
hands in the first place? And how did the work of the hands become 
a problem of the mind? That story becomes complex very quickly, so 
it is perhaps best to start simply. It begins with a crisis.  

  The Reliability Crisis 
 In October 1950, just weeks after UN troops had staged their amphib-
ious assault on Incheon, pushing North Korean forces back towards 
the 38 th  parallel, MIT president Karl Compton speculated on the sig-
nificance of the first major conflict of the Cold War. Soviet intentions 
seemed all too clear; Chinese forces appeared poised to enter the war. 
Compton believed that the inevitable spread of military aggressions 
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like the one in Korea would produce one of two equally dire outcomes 
for the West: piecemeal defeat or all-out war. In terms of sheer num-
bers, the United States and its allies were no match for their adversary. 
Compton therefore turned to technology: only advanced weapons and 
defense systems like the radar developed at MIT’s wartime Rad Lab 
(which Compton had helped create) could give the Western powers a 
chance by multiplying the fighting potential of their forces.  8   Compton’s 
vision of Western military dominance underwritten by high-technolog-
ical surveillance and control would soon become doctrine.  9   For him 
and so many like him, Korea would transform electronics into both 
symbol and instrument of the Cold War, generating calls for technolo-
gies that were ever-ready, unopposable, and failure-proof. 

 For all its appeal, that vision of the role of high-technology in the 
Cold War was quickly shattered by events in Korea. In the years after 
Compton’s observation, electronic malfunctions would be partly 
blamed for the disastrous failure of tactical missions on the peninsula. 
In April 1952, an entire squadron of Marine Panther jets was grounded 
because of electrical problems. Five months later, instrument malfunc-
tions in dense fog sent six of the same aircraft into a mountainside.  10   
And Korea was only the tip of the iceberg. In the late summer of 1953, 
two weeks after the war’s end, Richard Carhart, a recently minted 
PhD. from Caltech working at the RAND Corporation, published an 
alarming report. It suggested that the growing electronic infrastruc-
ture of the Cold War—the increasingly integrated systems designed to 
secure an independent West Germany, to contain Soviet expansion, to 
ensure the crushing retaliation of nuclear strikes—was itself massively 
unreliable. Two-thirds of U.S. Navy electronic equipment, Carhart 
claimed, was currently malfunctioning.  11   The wide-scale fallibility 
stretched back to World War II, where subtle electronic malfunctions 
had cut the maximum range of the radar in half, generally without 
operators noticing it. The report shook the Pentagon. Detailed charts 
soon began relating the success of military missions to the reliability 
of their e lectronics.  12   Fears quickly spread to the iconic technologies of 
the Cold War. Observers like D. E. Noble suggested that the probability 
of ICBMs hitting their target was only one in nine: “Intercontinental 
ballistic missiles would play little or no part in a possible war  tomor-
row , and as we expanded the use of our complex equipment across 
the boundaries of the world, we would be faced with a dismaying 
and disastrous number of reliability failures of equipment.”  13   Others 
pushed further, suggesting “that the whole success of our defense 
effort was bound up in the reliability problem.”  14   
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 That conflict, between the vision of high-technological global sur-
veillance and massive military power on one side, and the fear that 
sprawling defence systems were on the verge of collapse on the other, 
generated what contemporary observers called the “reliability crisis”. 
In its strongest form, the crisis suggested that the full strategic aims 
of the Cold War and the very survival of the West were bound up in 
the problem of reliable machines. 

 Initially, the crisis was cast as an issue of complexity. The common 
understanding of reliability in the early 1950s, inspired by leading 
figures in the U.S. ballistic missile program, was that the reliability 
of any electronic system could essentially be reduced to the reliability 
of its most fundamental constituents—electronic parts. The system 
reliability was simply the mathematical product of the individual part 
reliabilities. As an equipment became more complex, its vulnerability 
to failure increased because of the way potentials for failure multi-
plied within the system.  15   The problem had been limited when tactical 
operations were based on small groups of equipment, like in World 
War II. But in the vast interwoven electronic systems being devel-
oped for continental defence in the late 1950s, like guided missiles 
and computerized warning systems, the number of electronic parts 
ran to more than a million.  16   Resolving the crisis, on this view, meant 
making individual parts as robust as possible and, just as importantly, 
it meant taming the technological fantasies of systems engineers by 
emphasizing simplicity. Only robust parts and simplified designs 
could save Cold-War technology from itself. 

 That reductive view of reliability came under attack in the late 
1950s. Its critics argued that, for all its apparent theoretical sound-
ness, it was misguided on practical grounds. The focus on individual 
parts simply could not vouchsafe the reliability of the advanced tech-
nologies at the heart of the Cold War. Indeed, the myopia that saw 
parts as the path to reliability was producing a yawning “reliability 
gap” in those crucial systems, as potentially catastrophic as the mis-
sile gap and more intractable. ( Figure 10.1 ) The approach was also 
conceptually compromised. It was based on a misunderstanding of 
what reliability was and where it resided. In a move mirroring the 
social and human sciences’ turn away from the atomized individual 
and towards collectives as the source of social stability, critics argued 
that electronic reliability was crucially a property of systems as well as 
parts.  17   Individual parts were important, but their robustness or falli-
bility could not be understood without examining the larger environ-
ments that surrounded them. Seen in this way, parts were the obvious 



 Figure 10.1      Reliability Gap. The figure shows the increasing complexity ratio of 
electronic designs (upper curve), and improvement in the reliability ratio of compo-
nent parts (lower curve). The shaded area between them represents the reliability ‘gap’ 
(sometimes called the ‘reliability deficit’) that lay at the heart of the ‘reliability crisis.’ 
  Source : Reproduced from Chester Soucy, “The ‘Project MATURE’ Concept of the Design and 
Production Requirements for Reliable and Maintainable Military Electronics Equipment.” Fig. 
2; NAC RG 24, accession 1983–84/049, volume 1664, file 1950-123–7, part 2. Courtesy of the 
National Archives of Canada.  
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sites, but not the main cause, of electronic failures. A startling chart 
produced in 1956 illustrated the point. ( Figure 10.2 ) Focusing on the 
materiality of failures—shorted capacitors, blowout vacuum tubes, 
smoking resistors—only distracted from the real sources of unreli-
ability: the circuit designs that created the larger electronic environ-
ments in which parts failed; the operating practices that abused and 
degraded them; and the maintenance practices designed to repair or 
replace them. And behind the chart’s aseptic categories of design, 
operation, and maintenance, stood people. In a remarkable assertion, 

 Figure 10.2      Human Causes of Failure. A 1956 chart arguing that the majority of 
equipment failures are caused by human activity—equipment design, operating and 
maintenance practices. 
  Source : Chester Soucy, “Reliability Control of Electronic Equipment in Aircraft and Weapons 
Systems: General and Management Aspects,”  Canadian Aeronautics Journal , (September 1957), 
227. Used with the permission of the Canadian Aeronautics and Space Institute.  
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one author went on to explain that “The common factor in all causes 
of unreliability is human error, whether it occurs in the original 
design, fabrication, inspection, maintenance, or operating use.”  18   It 
was the problematic dispositions of humans towards the material cul-
ture of the Cold War that underlay the reliability crisis. Unreliability 
was not, in the main, a problem of things; it was a problem of people 
and their propensity towards errors of all kinds.  19             

 Alongside arguments for a more robust material culture of war, 
then, a litany of programs worked to secure the  human  factors of reli-
able electronics. Rejecting the earlier overriding emphasis on simplic-
ity, those initiatives would ultimately seek to define and craft the types 
of people that could be relied upon to secure the technology of the 
Cold War. The figure of the maintenance technician quickly became 
one of their prime subjects. The technician had only emerged as an 
occupational category in the previous decade and its work, though 
crucial, was still poorly understood.  20   As the human sciences, and 
particularly engineering psychology, focused increasing attention on 
that subject, they came to see the work of maintenance, above all, as a 
problem of the mind. Their work moved gradually from description to 
prescription, from exposing what kind of persons maintenance tech-
nicians were—what abilities they possessed, what capacities allowed 
them to carry out their work—to defining the kinds of people they 
ought to be for the Cold War to be prosecuted successfully. It is on 
those anxieties over the figure of the maintenance technician, and 
the crucial task of troubleshooting in particular, that the rest of the 
chapter focuses.  

  Maintaining Humans 
 The anxieties about maintenance revolved around at least three inter-
related questions: one practical, one strategic and one theoretical. 
The practical problem, observers calculated, was that defense systems 
had become so complex, technicians could not identify the causes 
of failures, much less repair them. Computers in the SAGE system, 
for instance, contained 1.5 million parts, including 60 000 vacuum 
tubes.  21   The combination of failing systems and impossible repairs 
posed deep strategic concerns, particularly in relation to the inte-
grated warning systems that had become central to Western defence. 
The inability to maintain those systems created a massively destabi-
lizing situation, compromising U.S. first-strike capacity and the stra-
tegic concerns built upon it, including the core principle of “massive 
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retaliation”.  22   Even if it never came to the next World War, the cost of 
maintenance alone was becoming ruinously expensive for the West. 
By the late 1950s, it cost more to maintain advanced weapons and 
surveillance systems than it did to design and build them.  23   Resolving 
those issues meant detailing a series of theoretical perspectives that 
would make maintenance, and particularly the practice known as 
“troubleshooting”, more efficient and effective. How did good tech-
nicians think? How could their effectiveness be measured and evalu-
ated? And how could their skills be  taught ? 

 The increasing centrality of maintenance to the Cold War argued 
for its inclusion in the very definition of reliability. Whereas reliability 
originally denoted the probability that a system would avoid an initial 
failure, it now recognized the fundamental role of maintenance. Keith 
Henney, author of one of the earliest comprehensive studies on elec-
tronic reliability, explained:

  Much has already been learned. It is realized that the reliability of 
any particular piece of equipment has two broad aspects. The first is 
the inherent reliability designed and built into the equipment. The sec-
ond is the ease of maintenance—also built-in. The first aspect involves 
the circuit design, the proper choice and usage of component parts, 
proper care to minimize failures due to high temperature, low pres-
sures, vibration, humidity, and manhandling. The object of all these 
efforts is to reduce the number of failures . . . . The maintenance aspect 
involves the techniques employed to make location and repair of faults 
easy and quick, so that the equipment gets back on the air in a mini-
mum of time after failure.  24     

 That understanding in turn drove a wide-ranging program to 
make the act of maintenance legible and predictable, and therefore 
manageable.  25   The discipline that came to focus most intensely on the 
problems of troubleshooting in particular, was engineering psychol-
ogy, also known as human factors engineering. The discipline itself 
had grown out of World War II psychology research on personnel 
selection, including the effects of psychophysiological “tension” in 
flight training, and on problems of human vigilance.  26   It had quickly 
begun applying psychological principles to equipment design as a 
way of optimizing machines for human use. Under human engineers, 
for instance, the catastrophic tendency of P-47 pilots to retract their 
landing gear after touchdown was reclassified from “pilot error” to a 
“cockpit design error” that made flaps and landing gear controls iden-
tical and placed them next to one another.  27   That tacking back and 
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forth between the human and the technological characterized early 
engineering psychology. Equipment design would optimize machines 
for human operation; and operator selection would “produce people 
who get the best performance possible within machine design limita-
tions,” ensuring the right kind of humans engaged the machines in 
the first place.  28   

 For engineering psychologists, the problems of corrective mainte-
nance emerged from a series of material and cognitive disjunctures 
between humans and machines. Electronics posed a challenge for 
maintenance staff because of an “incompatibility of the human senses 
with electronic devices.” The human senses, one source claimed, were 
“badly designed” to monitor electronic devices since electronics ide-
ally obeyed linear laws (where doubling input would double output) 
whereas human senses obey logarithmic laws.  29   Along more norma-
tive lines, human engineers argued that machines were not fulfilling 
their potential to explicitly regulate human behavior by preventing 
the possibility of human errors in the first place.  30   But even this regu-
latory aspect was secondary to concerns over a  logical  or  cognitive  
disjuncture between the functioning of electronic equipment, embod-
ied in the streamlined block diagrams and flow charts of engineering 
schematics, and their often confusing and opaque material instan-
tiations. Signal paths were difficult to follow through the tangle of 
all-black wires; it was unclear which points along a path should be 
checked and in what sequence.  31   What deeply concerned the authors 
of these reports was that machines did not properly embody the logic 
of their own functioning, and that this failure underlay the untrust-
worthiness of the humans who tended to them. 

 That belief drove programs to eliminate the supposed opacity of 
machines by designing and constructing them with the technician in 
mind. Reports recommended, for example, that machines should be 
“coded” to provide the path of the signal and the procedure for fixing 
them.  32   Engineering psychologists argued for color-coded circuits, for 
functional groupings of electronic parts (with power supply compo-
nents marked in red, for instance), for clearly marked signal paths for 
unitized construction and built-in test equipment. The recommenda-
tions were often ignored by design engineers, but they are interesting 
for at least two reasons: first, they suggested that, perhaps for the 
first time in military electronics, technicians and not just operators 
counted as people around whom technologies should be designed and 
built; and second, they pre-supposed a vision of maintenance that was 
the other major subject of human factors research. 
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 Underlying this proposed reordering of machines around the tech-
nician was an emerging understanding of what behaviors ought to 
characterize the technician. The most influential program here came 
out of the University of Southern California (USC)’s Department of 
Psychology. The group had originally performed important research 
on equipment operators, particularly flight display tests and centri-
fuge tests to determine how many  g s pilots could withstand before 
graying out.  33   In 1952, however, the Office of Naval Research (ONR) 
contracted USC’s department to establish an Electronics Personnel 
Research Group to focus on human aspects of maintenance. Its direc-
tor, Glenn Bryan, who would go on to head the Psychological Sciences 
Program at ONR for 20 years, claimed that his interest in the problem 
derived only partly from the appeal to the military. Trouble-shooting 
represented a complex type of directed thinking and featured issues 
of problem solving that psychologists found intrinsically interesting, 
part of an explosion of early 1950s research on decisions and choices, 
spurred in part by Neumann and Morgenstern’s  Theory of Games 
and Economic Behavior  and taken up by figures like Herbert Simon 
and Ward Edwards.  34   

 The USC group deeply influenced the military’s efforts to cope 
with maintenance in complex systems.  35   Its work confronted a view 
of maintenance as a seemingly intuitive process. Actual observations 
of maintenance personnel in the field suggested that troubleshoot-
ing followed no fixed sequence; technicians rarely used manuals at 
all and when they did, it was not systematic; they tended not to use 
circuit relations or mathematical formulas; in fact, they almost never 
did any calculations at all, preferring instead a descriptive language 
of “building up” ”, “conducting”, “cutting off”, “loading”, “leaking”, 
“clipping”, or “suppressing”.  36   As one group of authors wrote, “The 
effectiveness of trouble-shooting is largely a matter of individual skill. 
As such, supervisors contend that only highly trained and experienced 
personnel can perform these functions effectively.”  37   Maintenance 
skill, these observers argued, emerged from a long and intimate asso-
ciation with practices and machines. “It begins to look unlikely, and 
even a bit arrogant, “ one observer confessed, “to think you can train 
him [the maintenance technician] in a few months to service some of 
the most complicated gadgets dreamed up by man.”  38   

 That vision of maintenance as a seemingly intuitive process caused 
enormous problems of recruitment and training for the military. As 
the difficulties posed by that vision became clear, the military began 
to be concerned about the legibility of maintenance practices, whether 
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the seemingly opaque and random practices could be codified and 
taught, and whether it might therefore be possible to define an ideal 
technician and to select or train him.  39   

 The resulting accounts of maintenance work slipped back and 
forth between observing what maintenance was and prescribing what 
maintenance ought to be.  40   On the surface, Bryan’s group confirmed 
many of the more troubling observations about maintenance. Carrying 
out their most detailed research on a navy destroyer during training 
exercises, they focused their study (like so much social science work 
during the period) on behavior.  41   They concluded, that the ability of 
technicians to troubleshoot varied even across the group of very expe-
rienced technicians that formed the basis of their study. Different sub-
jects employed different “personal styles” in their searches through 
the tangle of machinery. Almost every “performance” included errors 
in equipment use, but they usually had little influence on the like-
lihood of a solution.  42   Success in troubleshooting seemed to travel 
across the boundaries of different technologies—-between radio and 
radar, for example—while the techniques for troubleshooting did not. 
Yet, for all this, Bryan’s group concluded that ability could not sim-
ply be a question of experience. They noted that despite sometimes 
appearing irrational and unstructured, technicians actions were not 
random. There was, instead, some obscured but efficient rationality 
that an analysis of behavior might uncover.  43   

 Based on these findings and follow-up studies, Bryan’s group 
argued that troubleshooting did not rely on intimate associations with 
machines, or on skills that had to be acquired through apprenticeship 
and direct experience. Bryan’s coauthor, Nicholas Bond, would later 
seek to expose what he saw as the still-prevalent myth of efficient 
maintenance as the work of virtuoso technicians:

  Some technicians, and some behavior analysts too, feel that trouble-
shooting is so complex as to defy analysis. They point to the flexibil-
ity of the strategies employed, the rapid shifting of emphasis between 
rival “candidates” in the search for the faulty component, the range of 
test information gathered, and the occasional spectacular performance 
based on interpreting a subtle electronic indication.  44     

 Against this view of the black arts of maintenance, Bond presented 
the proper work of technicians as guided by process and logic. A 
“standard troubleshooting attempt,” he explained, was one where the 
technician had a clear, and generally correct, notion of the relations 
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that exist between the states of the prime system and readings at 
key points; checks were systematic and unhurried, faulty areas were 
quickly isolated. “This is skilled work, to be sure,” the article went 
on, “but the logical processes involved are straightforward, and there 
is no need to postulate a special ‘gift’ or rare talent.”  45   

 The contention, then, was not so much that maintenance was 
unskilled work. Rather, it was that the skill involved in maintenance 
did not necessarily reside in the inscrutable mind and body of the 
individual technician. The archetype of the technician that emerged 
from these studies was percipient, systematic, calm and (crucially) 
fallible but effective. When paired with redesigned and rationalized 
machines, engineering psychologists argued, technicians selected for 
those qualities, or trained to embody them, would ultimately resolve 
the problems of Cold War maintenance. Here, engineering psycholo-
gists returned to the two pillars of the wartime work that had brought 
them to prominence. Equipment design would make the functioning 
of machines legible to the technician (at least, on one understanding 
of what “legibility” might entail); codification of maintenance prac-
tices attuned to that legibility would allow technicians to be selected 
and “made” quickly. 

 Few things illustrated that impulse toward maintenance as disem-
bodied logic better than the adoption of teaching machines in main-
tenance research. Teaching machines were already at the centre of 
another crisis, a North American debate raging over the future of 
education. Increasing class sizes in the late 1950s had created enor-
mous anxieties over the quality of education, and the likelihood that 
the West would ultimately fall behind the Soviet Union in science and 
engineering. Prominent figures like Harvard psychology professor 
B. F. Skinner proposed the use of teaching machines to train masses of 
students quickly and effectively, and to arrange “contingencies of rein-
forcement,” the specific schedules of rewarding or punishing behavior 
that were so central to his work, and that generated what he termed 
“topographies of response”.  46   The teaching machines for maintenance 
work were developed by companies with links to the general teaching 
machines program. While Philco’s Western Development Laboratories 
in Palo Alto had become one of the nation’s leading experts in teleme-
try and ground-to-outer-space communications, their Human Factors 
Engineering Department had taken on the production of teaching 
machines for the Philadelphia School System and for the military’s 
emerging requirements in maintainability, particularly in aerospace 
systems.  47   Philco’s specific models would enable the company to meet 



188    Edward Jones-Imhotep

emerging military specifications for “maintainability” for the weap-
ons and communication systems they produced.  48   

 The best-known machine consisted of a six-foot relay rack whose 
reconfigurable circuitry could be used to “simulate” the data flow of a 
wide variety of systems. ( Figure 10.3 ) A block circuit diagram located at 
eye-level represented the system being simulated; built-in check points 
and test equipment allowed technicians to interrogate the equipment 
at certain points along the signal path. The appeal of the machine lay 
in the way it allowed researchers to introduce interruptions to the data 
flow that simulated “faults” in the equipment. In order to interrogate 
one of engineering psychology’s main preoccupations, automation, 
the system could be set to one of three levels: Manual—where tech-
nicians detected, localized, and corrected faults using manual meth-
ods of detection and correction; Semiautomatic—where the system 
monitored its internal functions but interpretations were left to the 
technician; and Automatic—where the system automatically detected, 
localized and corrected malfunctions on its own.  49        

 Used to test both the maintainability of Philco’s hardware and 
the qualities of potential technicians, the machines embodied a two-
fold simplification. They first of all simplified the representation of 
electronic devices. Everything that a technician needed to know to 
troubleshoot a piece of equipment could ostensibly be gleaned from 
neatly ordered fault trees and circuit diagrams, far away from the 
messy world of actual devices and their tangled architectures. In 
this way, the machines embodied the perspectives of Bryan and oth-
ers that intimate associations with machines did not matter. But the 
machines also simplified the acts of maintenance. They reduced the 
practice of troubleshooting to a string of decisions taken in the face of 
incomplete information, and therefore to the work of the mind rather 
than the hand. By suggesting that troubleshooting could be fully auto-
mated, the machines implicitly denied the place of intuition and tacit 
skill. Like the automata of the Enlightenment, they became a mate-
rial argument for the possibility of making the actions they embodied 
reproducible, visible, and explicit.  50   

 For some engineering psychologists, that rational, mechanistic 
vision of maintenance pushed too far. They would criticize what they 
saw as the mechanistic influence of “certain influential American psy-
chologists” at work in these efforts. As one critic put it: “Instead of 
bringing to bear the whole range of psychological knowledge, par-
ticularly regarding human complexity and difference, many of those 
who do human-factors studies tend to view the man in the much-used 



 Figure 10.3      Philco Teaching Machine. A six-foot relay rack whose reconfigurable 
circuitry could be used to “simulate” the data flow of a wide variety of systems. 
Note the block circuit diagram at eye-level, representing the system being simulated, 
and built-in check points and test equipment. Researchers could “inject” faults by 
remotely interrupting signal flow. 
  Source : Nicolai Buchaca and John Brinda Jr., “Maintainability Simulation and Demonstration 
Equipment Description and Application,”  IEEE Transactions on Product Engineering and 
Production  7 (1963), Fig. 2. © (1963 IEEE)  
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phrase ‘man-machine relationship’ as another machine of a somewhat 
different type.”  51   

 The figure that emerged from engineering psychology’s preoccu-
pation with maintenance, however, was never quite so mechanistic. 
Instead, it mirrored a kind of self being cultivated in other areas of the 
Cold-War social sciences. Reasonable but fallible, this self’s rational-
ity would emerge automatically from the technical systems it inhab-
ited.  52   But those same systems would also argue for a corollary: that 
the individual organized and institutionalized by the Cold-War drive 
for trustworthy machines must be made into a rational individual. 
With weapons systems poised to fail massively, with technicians in 
short supply and repair costs mounting, the actions of the techni-
cian had to be made rational, and therefore legible, manageable, and 
reproducible, or else all was lost.  

  Conclusion 
 For observers struggling to overcome the reliability crisis in the late 
1950s, making machines work was only partly a problem of materials 
and devices. It was not that focusing directly on electronic devices did 
not matter. It mattered crucially. Connections came undone, parts wore 
out, things broke. But the potential failings of people—-their motiva-
tions, their actions, their thinking, their disposition towards electronic 
artifacts—-was understood by many as the greatest standing threat to 
the technology at the heart of the Cold War. For electronics to become 
trustworthy, they argued, people would have to be made reliable. In and 
around the electronic systems of the early Cold War, we see the com-
bined material and human transformations that reliability required, as 
instruments were reconfigured around humans and humans were in 
turn recast in the image of machines. Against so much of the history of 
technology, contemporaries themselves argued that understanding why 
electronics failed meant looking beyond materials and machines to the 
humans who designed, operated, and maintained them. 

 In themselves, the anxieties surrounding the human were not new. 
Concerns over the rational fallibility of humans, and the place of 
human attributes in machine actions, went back centuries. But the 
drive to synthesize them into one overarching system of reliability 
was unprecedented. The Cold War lent urgency and authority to the 
search for a disciplined technology, a new material culture of war 
ever-ready for the technological prosecution of the conflict. And in 
doing so, it created the conditions under which reliability across vast 
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spheres of activity could be treated under the same system, where the 
proper functioning of machines could be understood as a problem for 
the human sciences. 

 Extending their wartime concerns with equipment design and per-
sonnel selection, engineering psychologists recast their work as a kind 
of tuning between transparent humans and self-evident machines. 
Their research into human factors helped create a newly rationalized 
material culture for electronics, where even the most complex equip-
ment would embody, in color-coded wiring and functional groupings, 
the logic of its functioning. Their studies of maintenance picked out 
of the messy and seemingly unstructured acts of maintenance pre-
cisely those capabilities that appeared legible, and therefore select-
able, teachable, and manageable. Just as their investigations came to 
define what it meant to interrogate broken machines and to fix them 
during the early Cold War, just as they made the practices of mainte-
nance legible, they also stripped those acts of intuition, abilities, and 
special gifts, the very elements that proved problematic for Cold-War 
militaries. A new kind of technological self—the maintenance techni-
cian—emerged at that intersection of a materially instantiated vision 
of what maintenance ought to be and a set of human capabilities that 
would allow it to be carried out. 

 For a long time, the image that has occupied the intersection of 
the human and the technological sciences during the early Cold War 
has been the cyborg. And for an equally long time, that figure has 
come to represent some of the most persistent themes of the period. 
The languages, technologies, and practices that emerged from the far-
rago of integration and control sown by cybernetics supported visions 
of a world dominated by centrally controlled, global U.S. power.  53   
The figure of the technician, on the other hand, shows just how fan-
tastical that vision was in the early decades of the Cold War. The 
Cold War required vigilance not only over sensitive geographies and 
radar displays and the enemy other, but over one’s own deeply fal-
lible technologies. What we have missed in our focus on cybernetics 
are the tears and stresses in the material and symbolic fabric of Cold 
War technology, and what those disruptions meant for the kinds of 
people the Cold War produced. The archetype of the technician that 
emerged from 1950s engineering psychology engaged wider questions 
in the human sciences that resonated with the concerns of cybernet-
ics even as they went beyond them. Those questions were not only 
about integration, command and control, but about human ingenu-
ity, labour, and skill. Exploring those kinds of issues is the start of a 
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comprehensive history that might begin bringing the technological 
and the human sciences together to form a larger understanding of 
the human and material formations that went into making the Cold 
War function in the first place.  
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