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Abstract: In 2005 a review of engineering education
publications in the area of philosophy and engineering
showed that the majority were concerned with the role of
and teaching of ethics. There were some in which the
term philosophy was used to explain the rationale behind
new programmes. One or two discussed the relevance of
philosophy to engineering education, and Koen had just
published his major discourse on method.
Since then there has been a major thrust to develop a
philosophy of engineering that is distinct from the
philosophy of science. Much attention has focused on the
differences between engineering, science and technology.
This movement has had support from the lead
professional academies in a number of countries (e.g.
China, The Netherlands, the UK and the US). It has
inspired seminars and a major international meeting in
the Netherlands. The purpose of this paper is to review
some of the more than 100 small and large published
contributions during the last three years.
No attempt is made to review all of them. The purpose is
to give the flavour of the debate. It is clear that the
mingling of engineering and philosophy raises profound
issues and creates great challenges that obligate a
response from the engineering community. Many of the
publications have something to say about either the
curriculum or instruction but they do not draw on the
philosophy of education. There is a need for the two
philosophies to come together to create a more informed
critique of engineering education.
Introduction
Any philosophical discussion that focuses on the nature of
engineering is likely to have a bearing on the curriculum
This is true of many of the 100 or so publications (papers,
substantial conference summaries) that have been published
in the last three or so years. Books by Bucciarrelli [1] and
Koen [2] have made clear that there is an active search for a
philosophy of engineering. Whether or not there is one
philosophy of engineering or a philosophy with myriad
facets is a matter of debate. Durbin answers that there is not
a philosophy of engineering (singular). What emerges is
something that has many facets like a diamond [3]. Its inner
crystalline structure has many facets so to with engineering.
It is, for example a guild “with its own professional

associations, educational system, and place within the larger
society in which it thrives.” The outside represents external
criticism. From the inside are the ways engineers see the
structure of engineering. He focuses on the work of Bunge,
Florman [4] and Koen [5]. From the outside he first focuses
on values and engineering and in particular the work of
Mitcham. Among others he cites “Verene – a follower of the
French technocritic Jacques Ellul (who calls his approach
‘sociological’? […]”[6]. This points to one of the problems
with many of the issues discussed, that is, the boundaries
between sociology, the sociology of knowledge, psychology,
in particular the psychologies of development-cognitive and
otherwise, and learning. Durbin considers the significance of
Pragmatism and the way that John Dewey’s work has been
developed in respect of engineering. [7] As one of several
illustrations he cites Michalos who argues that engineers’
should accept social responsibilities as an intrinsic part of
their work [8]. Finally he argues that if engineers wish to be
philosophical, they should take note of their radical critics
such as Winner. He argues that engineers need to think about
the democratic implications of their work [9]. That is,
engineers are often anti-democratic.
An engineer coming to the field afresh may wish for some
introduction to the general traditions in philosophy. Papers
by Mitcham and Mackey [10], and Grimson (see below) [11]
achieve this goal but from slightly different perspectives.
Mitcham and Mackey distinguish between a Phenomological
approach,
Post-modernism,
Analytical
philosophy.
Pragmatism, and Thomism. These are not specifically
related to education a task that Smith has undertaken earlier
[12]. Nevertheless, whether or not philosophy of engineering
should in some way become part of the curriculum of
engineers and philosophers is becoming an issue.
The Chinese Academy of Sciences, The National Academy
of Engineering and the Royal Academy of Engineering are
taking considerable interest in developments in the
philosophy of engineering. Clearly they hope that it will
inform public policy.
The first issue that has to be considered is if engineering is
simply the application of science then can there be a
philosophy of engineering? Clearly, since so much science is
taught in engineering then engineering educators have an
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obligation to take note of discussions within the philosophy
of science that bear on science education.
The philosophy of science and engineering
Some debates in the scientific community about the
philosophy of science have centred on public policy and in
particular the decline in the number of scientists entering the
teaching profession and the failure of schools to produce
high quality students wishing to study science subjects. An
Australian philosopher of education and a scientist by
training Michael Matthews argued that not withstanding the
many reasons that caused this rejection of science,
pedagogical failings also contributed, not least among them
being that the subject was boring [13]. Matthews also argued
that studies in the history and philosophy of science could
help to rectify this situation. He attempted to demonstrate
this point through a treatise on the application of the history
of the pendulum [14]. It has also been argued that it is the
human face of science that is lacking.
Bucciarelli as an educational outcome of his engineering
philosophy, argues for the inclusion of the history of science
and technique in engineering teaching. One of his examples
shows how Galileo’s faulty analysis of the beam as a lever
can be used to help students acquire an understanding of a
free-body diagram. However, unlike Matthew’s he has to
resort to a number of different examples to illustrate his
point [15]. There would seem to be nothing in engineering
that is the equivalent of the pendulum.
Matthews also discusses the epistemological debate
between constructivism and realism that has had such an
impact on the school science curriculum. [16]. Clearly
engineering educators cannot avoid these epistemological
debates since much of the engineering curriculum is based
on science topics and their applications. A philosophy of
engineering education has necessarily to take them into
account. But this leaves open the question as to whether
there is a philosophy of engineering that is separate to a
philosophy of science. Pirtle [17] takes the view that a
philosophy of engineering can be established by the creative
adaptation, of Cartwright’s [18] and Giere’s [19]
philosophies of science. He argues that the law based
interpretation of scientific theory led to a lack of interest in
the philosophy of engineering since engineering was
supposed to lack laws. But both theorists reject aspects of
the law-based interpretation of science. Giere, for example,
argues that the understanding sought by science “is just as
bound by human purposes as is the construction of artifacts
used in engineering.” Cartwright rejects the idea that
fundamental laws are essential to explanations in physics.
He argues that phenomenological laws that describe piece
meal parts of reality are the most important aspects of
scientific theory. The link with engineering arises because its
task is to create models that […] describe the world […]

Grimson takes the view that while falsifiability is an
important test in science it does not have this significance in
engineering whereas failure has an important role to play in
the development of engineering design [20]. From this
example he argues that “generalizing a philosophy of
science to encompass engineering is, at best, problematic.”
He looks to the classical branches of philosophy to see what
they can ‘say’ about the activity of engineering, and in this
respect he takes heart from Wittgenstein not because he
trained as engineer but because he opined that “Philosophy
is not a theory but an activity.” So Grimson argues that one
way to produce a philosophy “is to use its activities (in this
case those of classical philosophy) and produce a set of
observations
which
taken
together
characterize
engineering.” He produces a model of engineering with links
to the classical divisions of philosophy that he exemplifies
by the showcase Crystal Palace built for the Great Exhibition
of 1851. Grimson does not deal with the issue of the
relationship between a philosophy of engineering and the
philosophy of technology that has developed during the least
fifty years. But such divisions if there are such divisions may
be important to the public perception of engineering as the
example of school curricular in technology show.
Defining technology: School technology and public policy
During the last twenty years there has been a major
international drive to introduce technology, (not to be
confused with IT), as a subject in the K-12 curriculum. In
some countries the study has been made compulsory. The
attempt as in the Netherlands, the UK and US has been to
develop a liberally based subject as opposed to a more
practically/vocationally oriented subject in the belief that
design (problem solving) skills contribute to general
cognitive abilities [21]. This development is of considerable
importance for public policy in engineering since it
precludes the introduction engineering into the curriculum.
For example, in the UK there has been a serious decline in
the number of students wishing to pursue careers in science
and engineering. If it is assumed that contact with
engineering might encourage more students to want to
become engineers then school technology is the only point
of contact for students with engineering. The extent of its
success in encouraging students into engineering will depend
in no small measure on the teacher’s understanding of
engineering. Potential teachers of technology may have to
read papers on the distinction between science and
technology that make no mention of engineering [22]. But
all this rests on the doubtful assumption that schools and the
curriculum have a powerful influence on career choice [23].
It also assumes that teachers know what engineering is.
Unfortunately teacher and student perceptions of what
technology is vary. Among teachers and teacher educators
there are different interpretations of what technological
knowledge is. This situation creates difficulty in defining the
key concepts of a technology curriculum. Jones points out
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that the problem is made the more difficult when processes
are emphasized at the expense of knowledge, as has often
been the case [24].

Knowledge”[31]. No wonder technology and technological
education have been described as a “ubiquitous
phenomenon.”

The Chinese engineer Bocong Li has no difficulties in
differentiating between science, technology and engineering.
“The essence of scientific activity is discovery, the essence of
of technological activity is invention, and the essence of
engineering activity is creativity or the making of artefacts.”
[…] “the relation between technology and engineering is
similar to the relation between science and technology.”
[25] Would that it were that simple but in the Western world
the use of these terms is closely associated with the
perceptions that persons have (if any) of engineering. To the
contrary, Doridot argues that the development of science and
technology in the 20th century into an “inseparable couple”
has rendered obsolete the distinctions between scientists,
technicians and engineers. Does this mean that an
engineering epistemology is irrelevant [26] ?

The craft involved in engineering is seldom mentioned but
Moses argues that engineering is a mix of craft, technology
and science [32]. Related to the German understanding of
engineering he suggests that along with Japan the positive
views of craft and science held in these countries is also
accompanied by a positive view of engineering that values it
highly. “England, does not have such a high opinion of craft
or of engineering. In fact, in England an engineer is often an
operator of an engine. The US attitude toward craft and
engineering is somewhere between those of England and
Germany.” He notes that the Dutch anthropologist, Geert
Hofstede, has written about similar distinctions among IBM
employees.

Rather inadequate definitions of technology have caused a
continuing philosophical debate. A special number of the
International Journal of Technology and Design Education
about the nature of technology illustrates the issues. These
articles suggest that it might be much easier to distinguish
between engineering and science than engineering and
technology. For example, when Gardner discusses the
differences between science and technology in all the
instances that Gardner uses the term ‘technology’ the term
‘engineering’ might equally be used [27]. Technology in
Gardner’s usage embraces engineering and indeed, he
occasionally uses the terms ‘engineering’ and ‘engineer.’
The issue is further confused by the fact that both Gardner
and Mitcham use the phrase “engineers and technologists”
which presupposes that a technologist is something different
to an engineer. This terminological debate is not resolved as
Lienhard seems to suggest that by understanding the
etymological origins of science, engineering and technology
for it is clear that to a certain degree there usage is cultural
and may change with time [28].
Ropohl [29] citing de Vries [30] says that “technology” is
not well defined in English, even less precisely than in
German. He suggests that the German definition is more
helpful but it leads to a distinction between technical
knowledge and technological knowledge that some people
may not find helpful. “We use the word ‘technics’ to denote
field of engineering work and its products. On the other
hand, the term technology will be restricted to the science of
technics […] accordingly we denote a knowledge as
‘technical,’ when it applies to engineering practice and as
“technological,” when it applies to engineering science.”
This would seem to be the same sort of distinction that the
British had in mind when they created colleges of advanced
technology within a system of technical colleges. To confuse
matters an American academic defines a ‘scientific engineer’
when writing about “The Structure of Technology

Not withstanding the problem of definition there have been a
number of papers that consider technology as a cultural
phenomenon and the idea that its study should be a
component of liberal education. Vermaas argues that a
greater interaction between philosophers and engineers
could be obtained by creating a philosophy of engineering
within the existing field of the philosophy of technology
[33]. He makes no mention of Mitcham’s study yet if anyone
has achieved this goal it would seem to be Mitcham [34].
Mitcham distinguishes between an engineering philosophy
of technology and a humanities philosophy of technology
which he notes are different kinds of discourse and their
proponents use the term ‘technology’ in broad and narrow
senses. It raises the question as to whether the proponents of
these different perspectives come at them with different
modes of thinking. If they do Mitcham’s task of reconciling
them is made the more difficult. But both Gardner and
Mitcham agree that the “philosophy of technology should
include at least two different kinds of reflection. It needs to
be aware of its own history and able to articulate a set of
systematically integrated issues.” [35] It follows that the
same would apply to a philosophy of engineering.
Gardner argues from historical analysis that the view that
“Scientists do research, the argument runs, and
technologists apply this knowledge to practical ends” cannot
be sustained. He contends that in all his examples that “art
and the technology preceded the scientific understanding in
a chronological senses.” Another study of en engineering
enterprise was led to distinguish between the frontiers of
pure knowledge and the frontiers of manufacturing
technology. In respect of manufacturing the enterprise was
far in advance of university teaching in the area [36].
Other differences between engineering and science
Within a different framework of historical analysis Goldman
dismisses the concept of engineering as applied science
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while acknowledging the powerful effect that acceptance of
this view has had on public policy particularly in the US.
“All forms of action directed, not just technology policy,
suffer from the gulf between theory and practice, knowledge
and action” (teaching is a case in point). […]”Understanding
“engineering reasoning will not resolve these problems but
it can lead us into an examination of the philosophies of the
contingent and concrete that could point the way to a
solution.” [37] Goldman’s holds that rationality (and the
rationality on which the scientific model depends) is
necessity based. The necessity model of reasoning is
“cognate with the concepts of ‘certainty,’ ‘universality,’
‘abstractness,’ and ‘theory.’ ” But engineering is
contingency based and its concepts are “cognate with
‘wilfulness,’ ‘particularity,’ ‘probability,’ ‘concreteness’
and ‘practice.’ ” There is marked similarity at a general
level of argument with the view of the Scottish philosopher
John MacMurray [38]. He argues that the Western world’s
concentration on working from theory is contrary to normal
thinking which always begins in the practical, that is with
the need to solve practical problems. Goldman argues that in
spite of weaknesses a philosophy of engineering could be
developed from Dewey’s pragmatism [39]. This would lead
to the ability to apply reason effectively to action. If his
intention is to remove the dualism between thought and
action then this would seem to be the same intention as
MacMurray. Bocong Li would also seem to support
Goldman when he says that “engineering rationality is not
the traditional rationality of thinking in nature. It is a kind of
“practical rationality” by nature”[40].
Another on the differences between engineers and scientists
is to be found in Bucciarelli’s Engineering Philosophy [41].
He rejects the traditional metaphor of knowledge that
suggests it is a material substance (stuff). He uses ‘knowing’
instead of ‘knowledge’ and his critique follows that of
Popper who distinguished between two kinds of knowledge
– subjective and objective [42]. Bucciarelli takes another
step and distinguishes between ‘information’ and
‘knowledge’. He considers information to be any
representation that has a “disposition to provoke
knowing”[…] “Information is ‘stuff.’” The same
information can provoke different readings, therefore
different ‘knowings’ among different people and each has a
language for describing these ‘knowings.’ This is consistent
with perceptual learning theory and shows the inevitable
association of philosophy with the psychology of learning,
although this writer does not share the view that philosophy
reduces to cognitive science. At the same time both
psychologists and philosophers have discussed knowing in
ways that could inform Bucciarelli’s stand (eg Bruner [43],
Lonergan [44]), and Bruner in particular has shown how the
view you take of knowing has profound implications for the
curriculum.
In order to distinguish engineering knowledge from
scientific knowledge Bucciarelli argues that it is necessary

“to move beyond the comparison of texts and other forms of
information. Only through consideration of what engineers
do and what scientists do can one come to distinguish what
engineers know from what scientists know. Much of
engineering information has the same appearance, is the
same in this respect, as information available to and relied
upon by scientists. But what engineers know and what
scientists know is not revealed there alone. While we can
speak of engineers applying scientific knowledge, it’s best to
get our mind off the stuff and look at how and why and when
it is applied (but not like paint).” So far attempts to establish
what engineers do from task analyses have not tried to
establish the processes of their knowing. One way of
approaching this problem is to compare the work done by
engineers with those in other professions such as Davis has
done for architects [45]. Much of what is understood about
the practice of engineering comes from the individual
accounts and analyses, as for example Walter Vincenti’s
much cited book “What Engineers Know and How They
Know It. ”[46]. But there is an important caveat for
McCarthy pointed out at the Workshop that much
engineering knowledge does not reside in engineer’s heads.
Related to the concept of knowing IBM have appointed
researchers from the humanities and social sciences to
advise them on how professionals in these fields know
(think) so as to design technologies for the wide range of
professional people in these categories. This has
implications for the curriculum of engineers for the position
taken by IBM is that engineers cannot undertake this task
[47]. That is to enter into other professionals’ ways of
thinking. Are they necessarily barred from understanding
another object world language? Bucciarelli makes the point
that even within the world of engineering the object world
languages used by engineers differ as between their
specialisms.
Ethics
To date Ethics has been the most studied of the
philosophical disciplines in engineering. In many courses
students are required to take courses in ethics. In
consequence there is a considerable volume of literature that
has been reviewed in other places. Much of it has been
concerned with the development of codes of professional
conduct and professionalism, as for example, ‘whistle
blowing.’ Here more than anywhere else philosophy seems
to have met with engineering. Two recent contributions are
singled out for comment. First, is a collection of papers
edited by Vesilind on “Peace Engineering. When Personal
Values and Engineering Careers Converge”[48] A very
challenging text that begins with a reminder that the earliest
engineers were military engineers for engineering is
essential to the waging of war. A chapter by Joe Manous of
West Point has the title “Military Engineering Education. To
Promote Peace not War.” He reports that the education of
engineers at West Point is increasingly directed toward
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understandings of social sciences and skills in leadership
that are use in maintaining and promoting peace [49]. At
WEPD Bowen responded to the focus that engineers have on
technical ingenuity at the expense of everything else by
proposing an aspirational engineering ethic that learns from
the advanced analysis of ethics in other professions [50]. He
cites business and medicine. He draws his inspiration from
two very different philosophies. One is based the work of the
philosopher/theologian Martin Buber [51] and similar
writers. The other is MacIntyre’s much quoted “After
Virtue”[52]. In respect of Buber he writes that “his
formulation has the unique advantage of encompassing both
person/person and person/natural world (environmental)
relations and of recognising the importance of technical
knowledge. It vitally balances the priority presently given to
rule and outcome approaches in engineering ethics.” In
respect of “After Virtue” he argues that MacIntyre’s virtue
based “description of practises and institutions provides a
starting point for a coherent description of engineering that
can be easily recognised by professional engineers.” So he
categorises the virtues and shows how MacIntyre’s
terminology can appropriately describe the outcomes of
engineering.
In a plenary session (unpublished) Bucciarelli said- “if we as
engineering faculty still claim that it is our job and
responsibility to teach, “the fundamentals,” its time to
explicitly recognize that what is fundamental to engineering
goes beyond scientific, instrumental rationality; I hold that
failure to acknowledge this fact is “just about unethical.”
Discussion -Toward a philosophy of engineering
Space has forbidden comment on other aspects of
engineering and philosophy debate. For example there is no
mention of Koen’s extension to his thesis on method [53].
Neither is there mention of philosophies of the mind and AI,
or the view that the differences between computer science
and engineering have profound implications for philosophy.
(For example -“computer science turns ideas into symbolic
reality; engineering turns ideas into material reality”[54]).
There is little discussion of recent contributions from
continental European philosophers especially the “social
construction of technology” developed particularly in the
Netherlands. Yet no discussion of engineering philosophy
would be complete without mention of Wittengenstein.
In a plenary but unpublished address at the Delft Workshop
Natasha McCarthy demonstrated the significance of
Wittengenstein’s later writings for a philosophy of
engineering [55]. She made the point that there is a match
between Wittengenstein’s approach to solving philosophical
problems and that of problem solving in engineering. He
thought that many philosophical questions were the result of
misconceptions and that the problems were dissolved by
attacking these misconceptions which is what Bucciarelli
illustrates with his teaching. McCarthy pointed out that at

the general level of problem solving the engineer does not
seek to dissolve the problems but gives time to ascertaining
“whether the right questions have been posed.” Of great
significance was McCarthy’s argument that a philosophy of
engineering can shed light on traditional philosophical
problems when it is used to interrogate them.
So far attention has been focused on issues of clarification
and in particular the differences between science, technology
and engineering. It shows clearly that philosophy has a role
to play in this respect. But recent publications clearly show
that there is a philosophy of engineering, not a unitary one,
but one that supports Durbin’s view that it has (will have)
many facets. Its boundaries overlap with the psychology of
learning, cognitive science, and the sociology of knowledge.
Design is now commonly accepted to be a social process and
in a more globalised world the skills of language learning for
negotiation are at a premium. From the perspective of
psychologist Perkins knowledge is viewed as design [56].
Some contributors show the importance of understanding the
historical context in order to understand and direct the
present. Plato and Aristotle are ever present. Some believe
the history of engineering (technology) should be a
component of the curriculum From a policy perspective,
Goldberg argues that engineering as it is practised today is a
response to “the technological, governmental and economic
conditions following World War 2” [57]. During this period
and particularly in the immediate period after the war
engineers “became increasingly scientific.” This led to what
he calls “routine analytical work.” But, he argues the returns
for such work are diminishing while the returns for creativity
are increasing. The world of engineering has changed and
educators need to respond to this change. He views
philosophy as a “crisis response tool” that will better help
engineering educators and engineers understand this
changed (new) world of engineering. His is one of the papers
that shows how philosophy can contribute to the design of a
course. In this case on the modelling of novel
product/service situations.
It is clear from all these publications that the mingling of
engineering and philosophy raises profound issues and
creates great challenges that obligate a response from the
engineering community. It is evident from all these readings
that there is much scope for a multi-faceted philosophy of
engineering and there is much work to be done.
Many of the publications have something to say about either
the curriculum or instruction but they do not draw on the
philosophy of education. There is a need for the two
philosophies to come together to create a more informed
critique of engineering education..
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