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In 1976, the Danish engineer, Jens Rasmussen 1, was well aware that his
approach to studying human performance in high-risk technological contexts was
breaking new ground. He commented wryly,
“When entering a study of human performance in reallife tasks one rapidly finds oneself ‘rushing in where angels
fear to tread’. It turns out to be a truly interdisciplinary study for
which an acceptable frame of reference has not yet been
established, and interaction between rather general
hypothesis, tests, methods, and detailed analysis is
necessary.” 2
This comment was not unwarranted. In the 1960s, the traditional view of
engineering related to high-risk nuclear systems involved treating the problem of
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systems reliability strictly in technical terms. In contrast, Rasmussen recognized that the
human operator had to be addressed together with the technological components as a
unified construct. 3 Essentially, the challenge that Rasmussen faced was as follows:
how to characterize the human operator as a part of the high-risk nuclear system
without reducing the person to a mechanistic cog, while ensuring that the overall system
functioned correctly without any accidents.
Following Rasmussen’s approach requires a special emphasis on the
material dimension of the human as a component of high-risk systems. Significantly,
Rasmussen’s approach highlights three main interrelated aspects pertaining to the
assimilation of the human as a system component (materiality of risk) between the
years 1961–1983. 4 First, the redefinition of the problem of reliability to include the
human; second, formulation of the concept of the human in technical terms; and finally,
the characterization of human performance in light of the above two aspects.
Technical reliability refers to the ability of components, machines, or systems to
function consistently in the manner for which they were designed. Traditionally, the
problem of reliability during system operation was treated in terms of its technical
aspects. However, technical design cannot address all unanticipated faults in the
system. First, the designer may not be able to fully take stock of all combinations of rare
emergent faults. Second, it may also not be economically feasible to provide extra
equipment for very rare faults. Therefore, in contrast to a technical component, the
flexible human operator could provide a decisive advantage in terms of decision making
for handling rare, abnormal situations. However, introducing the operator as a system
component has its drawbacks. The human is flexible but at times also prone to slips and
mistakes:
“[…] the human element is the imp of the system. His
inventiveness makes it impossible to predict the effects of his
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actions when he makes errors, and it is impossible to predict
his reaction in a sequence of accidental events, as he very
probably misinterprets an unfamiliar situation.” 5
Therefore, to ensure overall reliability, Rasmussen introduced the operator as a system
component, taking into account its advantages and drawbacks.
In conceptualizing the human as a material aspect of the system, two themes
emerged as prominent in Rasmussen’s approach. First, he did not reduce the human to
a mechanistic component while still ensuring the operator was functioning as part of the
technology loop; i.e., the operator should feel like a responsible member decision
making member and not just a cog in the process. Thus, the human was construed a
system component while the technical system was the human’s environment. 6 Second,
Rasmussen adopted an engineering solution to the problem while supporting the
operator as a systems component. Rasmussen recognized that the views from
physiology, psychology and other related sciences and philosophies are important but
not directly amenable to systems design. Therefore, in light of systems design as well
as viewpoints from other disciplines, he construed a model of the human operator as a
systems component.
Along with the engineering dimension of the problem, Rasmussen was influenced by
a range of philosophers (such as H. Dreyfus, A. Sloman); neuroscientists (such as J.V.
Lettvin, D. Hubel, W.S. McCulloch); physiologists (such as P. Weiss); and psychologists
(such as K. Pribram, J. Bruner), among many other theorists. In particular, Rasmussen
gained one conceptualization of the operator from French novelist Xavier De Maistre’s
writings about human nature from his book, Voyage autour de ma chambre that clearly
demonstrated the tension between the flexibility and fallibility of humans. 7 De Maistre
viewed human nature as a ‘système de l’ âme et de la bête’ — system of soul and
beast. The soul commands the beast; however, at times, the beast has its own way of
acting. As a result, at times people are not always themselves even in their everyday
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activity. Clarifying the notion of the system of soul and beast in the text, literary theorist
David McCallum 8 notes:
“In the Voyage autour de ma chambre, the narrator’s ‘âme’ and
his ‘bête’ are both forms of spirit, of intelligence. Theirs is a distinction of
quality, not of nature […] Unlike the solitary lofty soul, the beast is a
massy, social mind negotiating everyday interactions in the material
world.”.
Even though the soul and beast are a conjoined system, they have a difficult
relationship. Often, the beast’s continual acting, without the supervision of the soul, can
lead to errors and danger. To illustrate this danger De Maistre describes a situation in
which he was using tongs to toast his bread. 9 As this event unfolded, unbeknown to De
Maistre, a flaming log fell on the tongs and heated it up. In other words, De Maistre
writes that his soul had wandered off thinking and was not controlling his beast during
this time. This led the beast to act inadvertently on its own. As a creature of habit, the
beast made De Maistre set his hand on the hot tongs to take the bread and in the
process got burnt. This accident displays that often in everyday life there are slips and
lapses in human activity that lead people to harm. These slips and lapses can be
accounted for by addressing the fundamental basis of human nature.
Similar to De Maistre, Rasmussen also observed this insight about fallibility in
everyday activity in his research with human operators. Rasmussen recognized that in
everyday activities, operators get accustomed to their tasks – they get adapted to their
circumstances. This adaptation often leads them to subconsciously miss steps in their
procedures that may lead the system towards malfunctions. The challenge for the
engineer was to provide solutions that will avert malfunctions without penalizing the
operator for their missed steps and slips. Averting harmful situations caused by slips
and mistakes required formulating a model of the human operator that would support
such a conception of human activity. Not surprisingly, De Maistre’s system of soul and
beast forms the key basis for understanding the material dimensions of Rasmussen's
formulation of the dual integrated subsystems of the human operator. Akin to the soul
8
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and beast, Rasmussen’s human operator has two subsystems — conscious and
subconscious (see Figure). In Rasmussen’s human operator, the first subsystem is a
subconscious processing unit that allows for the synchronization of the body with the
surroundings, i.e. for ongoing fast control. In contrast, the conscious subsystem is
depicted as having limited speed with its primary task in data management and
handling. Further, in the case of unique situations, the conscious subsystem is called
upon to conduct “improvisations, rational deductions; and symbolic reasoning.” 10 At
times, it also coordinates and controls the subconscious subsystem. The two
subsystems together form the model of the operator as a system component in order to
account for reasonable behavior as well as slips and lapses.
In addition to
the model of the
human operator,
Rasmussen
addressed the
performance of
the operator from
the late 1960s to
mid-1980s. From
studies of
operator
performance,
Rasmussen
Figure 1 Model of human processor, Rasmussen, Bits, p.9. Notice the two subsystems of
conscious and subconscious processing similar to De Maistre’s ‘système de l’ âme et de la bête’.
© Jens Rasmussen. Permission has been received from the author to reproduce the image.

found that
operators often
jump between

the concepts they mentally hold while diagnosing the functioning of the technical
system. These leaps are informed by a generalized “process feel” that the operators
have towards the nuclear process plant functioning. Thus, a prominent need was to
comprehend broader ways of recognizing human activity in technological contexts. To
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characterize the material dimension of human activity, Rasmussen introduced
taxonomies of human error as well as categories of human performance suited for
systems design based on verbal protocol studies, as well as examination of accident
reports. 11 Similar to the human operator model, the categories of human performance
were not an application of theories from psychological science. 12 Rather, Rasmussen
used insights from the philosophers Ernst Cassirer and Alfred North Whitehead (among
many other theorists) to emphasize that human performance in technical contexts
requires three broad categories to be comprehended holistically: skill-based, rule-based
and knowledge-based. 13 Skill-based performance addresses sensory-motor behavior
which is automatic and without conscious control. Rule-based behavior is based on
stored procedures and heuristics gained from experience. Knowledge-based behavior is
based on explicit thinking and planning in unfamiliar situations.
Along with the two subsystems of the human processor, these three categories
accounted for the material aspects of the behavior of the human operator in technical
systems, along with the possibilities of malfunction. Averting systemic malfunctions
required designing technology to support human performance at all the three levels of
performance in accordance with the basic human processor model. This view of the
human and operator performance was not captured by the existing views of engineering
or scientific approaches, leading Rasmussen to wryly comment that he was rushing into
areas where “angels fear to tread”. 14
In contrast to traditional engineering thinking of the 1960s, Rasmussen formulated
an alternative model of the operator as well as characterized human performance in
technological contexts – emphasizing the material aspects of risk. In providing this
solution, Rasmussen ensured that the human operator was comprehensively
encapsulated as a part of the system without being reduced to a mechanistic cog: the
11
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operator was a system component while the system served as the operator’s
technological context.
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