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In this paper we examine contemporary engineering in terms of the
discourses within which its practices are framed. The term discourseis used in the
sense developed within recent social theory, from the work of Michel Foucault, to
refer to the ways socia ingtitutions name, define, and regulate the practices which
occur in the name of those ingtitutions. We describe our concern that the discourse
of engineering education has been dominated by the discourse of engineering
science, to the virtua exclusion of other discourses which contribute importantly to
the practice of engineering. We argue further that engineers have accepted
inappropriate congtraints placed upon their profession by the discourses of
commerce and science, which have been permitted to define and delimit what
engineering is and can be. The result has been a serious limitation in engineers
capacity to examine the social meanings and effects of their work and to
salf-conscioudly reflect upon their practice and professional identity. We suggest
directions in which the discourses of engineering education and practice need to
change so that the engineering profession can achieve the goals stated explicitly in
its professional codes of ethics. Our analysis seeksto open the way for changein
how engineering is structured, practiced, and taught. By exposing the workings of
the condtitutive discourses, it is argued, the way is opened for unshackling
engineering from its present constraints—freeing the discourse and making critical
reflection possible.

1. THE CAPTIVITY OF ENGINEERING EDUCATION

As university educators, we begin this analysis with our own most
immediate concerns. Engineering as an academic discipline is founded upon and
validated by engineering science. Glover and Kelly (1987, p. 112) note that in the
United Kingdom, “ Engineering tends to be viewed as a branch—the applied
branch—of natura science.” One consegquence is that, while engineering teaching
and scholarship have remained closaly connected with the academic disciplines of
science, to alarge extent they have remained isolated from the pragmatics of
engineering as a professiona practice. Thisis not a surprising situation when
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viewed from the perspective of the discursive history of modernist science. Where
areas of engineering science, in particular mathematics and physics, draw heavily on
the empirical approaches similar to Logical Positivism, issues of meaning and social
impact are rejected or ignored. The more radical of the Logical Positivists, such as
A. J. Ayer, argue that all assertions about moral, aesthetic and religious values are
scientifically unverifiable and therefore neither true nor false, but smply
meaningless. Scientific method, the structure of hypothesis, proof, validation,
publication, and critique, is clearly embedded in the scientific culture and serves it
wdll. However, much of this academic endeavor has been essentialy
de-contextualized for engineering students. The culture and discourse of science
impose their own rigor on the academic discipline of engineering and when adopted
by engineering, their authority becomes almost absolute. Practitioners commonly
believe themsalves immune from the influence of theory or philosophy, but the
discipline of engineering remainsto a great extent captive to the sorts of ideas
developed within positivism, due to the overwhelming dominance exercised by
positivism in the development of scientific thought during this century. The irony of
this situation is that most engineers have probably never heard of Logical Positivism
or any of its philosophical spokespersons. As Keynes (1936) noted in aparallel
context: “Practica men, who believe themsdaves to be quite exempt from any
intellectual influences, are usually the daves of some defunct economist.” Such
influences, often exercised amost subliminally, can add up to real cultural bondage.

A major review of engineering education in Australiain the last decade
found it necessary to point out that engineering had a human as well as atechnical
side, and that this should be taken into account in the education and training of
engineers (Williams, 1988). Perhapsit is unsurprising that undergraduate engineers
have been seen as boringly rational and literal, given the dominant discourses and
practices which are modeled for them. It has been noted that many students have
been uncomfortable with the discursive limitations of their educational experience
without understanding why (Taylor and Johnston, 1991). Those who did not fitin
tended to be marginalized from the mainstream engineering culture. There can be
little doubt that engineering education had become captive to the dominance of a
discourse of engineering science, losing touch with the social context of engineering.
Engineering science had been allowed to define the types of problems and the
acceptable solutions, and to become the major source of scholarly authority in
engineering education.

2. THE CAPTIVITY OF ENGINEERING PRACTICE
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Theloss of context by engineering education was carried through to and
compounded by ancther level of congtraint, which Goldman (1990) has described as
the “social captivity” of engineering. He argues that this captivity operatesin two
ways, intellectualy and practically. Intellectually, engineering is seen merely asthe
application of science, with all the principles of scientific practice assumed to cover
those of engineering as well. Practically, Goldman sees the context of engineering as
being framed and governed by corporate manageria hierarchies, rather than by the
engineering profession itself:

[Engineering practice] is captive to social determinants of technological
action that selectively exploit engineering expertise, define the problems
engineers are to address as well as the terms of acceptable solutions
(Goldman, 1990, p. 121).

Goldman also supports earlier commentators in asserting that their
education has prepared engineers to identify with the interests of their employers,
and that they “simply do not fedl an urge to be freed [from corporate goals] to
protect the public interest” (Florman, 1986). All these influences have constrained
and confined the discourses of engineering—the ways in which engineers define
their own profession and their practice (in so far asthey attempt todo so at all). As
aresult, engineering practice is not available for critical scrutiny from within.

We are using the term discourse in this paper to draw on an approach
developed within recent social theory. Briefly; social ingtitutions produce specific
ways of writing or talking about certain areas of socia life which are related to the
place and nature of that institution. That isto say, in relation to certain areas of
social life which are of particular significance to an ingtitution, the ingtitution will
produce a set of statements which largely define, describe, delimit, and circumscribe
what it is possible and impossible to say with respect to that area, and therefore how
it isto be talked and written about (Kress, 1985, p. 139).

A discourse has the power to create reality by naming that reality and giving
it meaning. According to Foucault (1984), this power to createisawaysa
“distributive’ politics, that is, what is“real” and “trug’ determineswhat isincluded
and what is excluded, so that what cannot be named may not even be noticed. Put
most smply, our fundamental concern is that, without a broader discursive
framework, engineering cannot carry out the salf-evaluation needed for renewal and
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regeneration of the profession. It smply does not have the linguistic tools to
accomplish the task.

3. ENGINEERING AS A DISCURSIVE COMPLEX

In the previous sections, engineering has been discussed as if it were
essentialy a single discourse which, once congtituted from the discourse of
engineering science, has developed relatively impermeable boundaries. The
engineering profession was shaped and defined by men whose attitudes reflected the
positivist values described earlier. However, engineering as an ingtitution consists of
what engineers actualy do; and in order to examine the possibilities for changing
engineering, it is useful to start by looking more closdly at the current ingtitutional
context of engineering. What soon becomes evident isadiscursive “complex,” a
term which refers to the co-existence in any one ingtitution of amultiplicity of
discourses defining the nature and practice of that institution. There are many
different discourses of engineering that exist in some tension with each other, if not
in actual conflict. In terms of distribution of status and resources, their ranking
varies enormously. Engineering science provides an essentia rigor for the
production of reliable outcomes in physical terms, but it is only one of these
discourses.

Other important discourses from which engineering borrowsinclude:

—management, including the management of engineering activity. In so far
asthis requires understanding of technical aswell as personnel and financial issues,
it isrecognizable as essentially engineering activity;

—business, including supporting innovation in systems, processes, and
products as well as economics and wealth creation,;

—industrial design, including aesthetic and ergonomic issues. The needs of
the userswill to alarge extent determine the appropriateness of the design of the
system or product;

—sociology, including locating engineering inits social and cultural
contexts,

—politics and development, including equity issues at national and
international levels;

—philosophy and ethics (and etiquette);

—environmental studies (itself adiscursive complex). Thislast is still
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margina within engineering generally and often regarded as merely an add-on to
civil engineering (e.g., Beder, 1993).

The argument here is not that one discourse should supplant ancther, for
example, that engineering science should be replaced by businessin defining what is
appropriate or necessary for engineering activity. Engineering is alarge-scale,
highly-disciplined activity, which needs to be directed into well-defined channels.
The building blocks, from nuts and bolts to solid state circuitry, need to be available
inreliable, standardized forms. For engineering products to be widely adopted, the
importance of national and (increasingly) international standards, protocols, and
procedures can hardly be overstated. The fax machine and the personal computer
vividly illustrate this issue.

However, the limitations of a reliance soldly on engineering scienceto
define engineering activity can readily be demonstrated. The central focusin
engineering research is on innovation, aimed at increasing productivity and
developing new products, processes, and systems. This focus can readily be
construed within the existing discourse of engineering science. As production falls
inside the discourse it isreal and true. However, the focus on production elides the
guestion of distribution of the benefits of engineering, an issue not seen asthe
terrain of engineering itself, but of other discourses altogether—those of business or
of politics.

Distribution falls outside the discourse of engineering science, so engineers
do not even see themsalves as having arole (let alone aresponsibility) in setting the
terms on which it takes place, and what is more, do not see distribution as the
concern of engineering.

The argument we are developing hereis that these competing discourses
need to be named and articulated, and the relationships between them openly
explored and debated. Thisis part of the essential role of the discipline within the
profession and needs to be carried out from within the ingtitutional boundaries. It
requires a considerable expansion of currently available ways for engineersto define
themselves and their work.

4. ENGINEERING AND ETHICS
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Engineering cannot be separated from its context. However, in practice the
context within which engineering activity is carried out is too often narrowly defined
and framed by the interests of business, commerce, and politics (Goldman, 1990).
Such limitations are implicitly accepted in the proposition that, “ Professional
engineers are men and women who use technology as a meansto the
market-competitiveness or cost-effectiveness of the client” (Samson, 1989, p. 9).
Because business, commerce, and politics have to alarge extent remained outside
what engineering counts asits own validating or explanatory discourse, the
engineering profession lacks an adequate definition of human or community needs
on which to base ethical judgments on its activity. The subordination by engineering
science of al other discourses means that engineering has defined its practice as
lying outside the context in which it occurs. Paradoxically, thisis precisely what
renders engineering captive to other discourses and practices. Engineers may not
even be conscious of what is actually occurring within the context in which they are
doing their work, because the dominant discourse does not nameit. If they cannot
discusstheir work in context, then they cannot develop an ethical approach toit.
There has been some progress towards a more contextualized approach. The
Institution of Professiona Engineers of New Zealand (IPENZ) acknowledged the
problem in 1993 when they characterized their old code of ethics as essentialy a
“code of etiquette.” For all practical purposes, its focus was on ensuring polite
relations within the profession, rather than on ensuring practice which was
responsive to community needs and aspirations.

In our experience, most engineers have a strong individual commitment to
socially responsible behavior, and are well able to deal with personal ethical issues
which arisein the course of their work. However, the community (and some
members of the profession) have come to see the professional codes of ethics as
superficial and even trivial. Ethical issues are marginalized in engineering education
and practice. The fundamental ethica problemsin engineering arise in identifying
the problems to be addressed and choosing between possible technical approaches
to be considered. Because the dominant discourse locates these decisions as outside
the responsibility of engineers, the profession’s codes of ethics are not seen as
applying to them.

5. ENGINEERING AND COMMUNITY RESPONSIBILITY: THE
SHAPING OF CITY AND SUBURB



PHIL & TECH 1:3-4 Spring 1996 Johnston, Lee, McGregor, Engineering Discourse

In this section we consider the development of the city and the suburb as an
example of the waysin which the limitations of the currently dominant engineering
discourse manifest themselves in practice. The products, processes, and systems
developed by engineers have made both the modern city and suburb possible. How
have engineers understood their relationship to this process?

In Australia, because of particular historical circumstances, government
engineerstook amgjor role in infrastructure development. A noteworthy example
was the group of engineersin the New South Wales Public Works Department in
the 1920s who shaped the development of Sydney. The group included J. J. C.
Bradfidd, whose combination of visionary planning and design and tireless public
and private lobbying played alarge role in building the city and suburban rail
system and the Sydney Harbour Bridge (Raxworthy 1989).

However, in recent years, engineers in government and private employment
in Australia have taken amuch narrower view of their roles and responsihilities,
looking to solve only problems framed and formulated by others—generally their
own corporate or political masters.

Engineers must recogni ze the relevance of community needsin every aspect
of their work if they are to sustain their claim to be professionals. Indeed, the first
tenet of the Code of Ethics of the Australian professional body, the Ingtitution of
Engineers, Audtralia (IEAust), isthat their prime responsibility isto the wider
community. How can this responsibility be met, when most engineers are employed
by large organizations which dictate the specific focus of their engineering work?
How can engineers beinvolved in the establishment of design briefswhich are an
authentic expression of community needs? Effective moves towards ecological
sustainability will require the framing of problems and the formulation of solutions
by multi-disciplinary teams which will include engineers together with other
professionals and other stakeholders. Engineers need to be able to communicate
effectively with other team members and with their community clients. In this
process (if only to contain professional liabilities, Miller, 1990), engineers will need
to see their role in the community as offering options which meet social aswell as
technical needs, rather than as arriving at definitive solutions to problems.

To improve the processes of public consultation, engineers need to develop
an analysis of their own responsihilities and be able to position themsalves
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explicitly in relation to other stakeholders. The modes of consultation and the
checks and balances of the discourse of science are certainly not adequate for
community oriented engineering practice. For consultation to be effective, there
needs to be shared understanding and acceptance of the validity of the issues. A
discourse of engineering is needed which provides accessto awide audience to
determine what issues are to be addressed and to devel op socially acceptable ways
of tackling them.

6. THE CHANGING FACE OF ENGINEERING: THE GLOBAL
CONTEXT

Contemporary engineering activities transcend nationa barriers.
Engineering has become a global enterprise, of which the latest form is probably
akin to what Steven Goldman of Lehigh University describes as “agile
manufacturing.” In this approach, conception, design, and production are carried out
by “virtual enterprises,” which may include elements of otherwise competing
organizations, joined only eectronically, and distributed nationally and even
internationally. The need for atruly international language has become pressing, and
the NATO agreement on standardized technical language is amove towards a global
communication system which is already emerging. Economically, such global
engineering activity is very important. Intellectual property is now amajor tradeable
commodity, with significant implications for national balances of payments.

The social status and public influence of professional engineersvary widely
around the world, as do the discourses defining engineering itself. The British view
of engineering owes moreto “engines’ than to the French sense of “ingenuity.”
Colonization dispersed these differing meanings and practices around the globe,
with indigenous variations subsequently superimposed. Colonialism impacted very
differently on different countries and cultures. Japan, which escaped colonization,
drew on and adapted ideas which suited its own cultura traditions, and retains a
distinctive engineering aesthetic. It is interesting to speculate on the effects which
global diversity is having on providing starting points for change. One impact of
modern information technology isthat adominant culture that controlsthe
communication links can completely overpower a domestic culture. For example,
rather than an international discursive complex which celebrates diversity, CNN
(Cable Network News) is amodern colonizing influence.
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As other cultures cometo articulate their relationship to the devel opment
and transfer of technology, the globalization of engineering is changing the
profession. There are other socia shifts, changing engineering from its former
identity as a Western, white, male domain. In Ausdtralia, for example, anationa
target of 15% for femal e representation in engineering undergraduate courses has
already been exceeded in many areas, and seems likely to be met overall. Increased
participation by non-traditional entrants will not of itself change the profession, but
it can generate pressure for change, particularly if the dynamics of change processes
are widely appreciated. In particular, the very meaning and value of its practices are
being questioned and contested, in line with broader social changes with respect to
increased access and participation of women in traditionally masculine ingtitutions.

7. “RE-ENGINEERING”

We argue, then, that engineering needs to broaden its discursive parameters
and freeitsalf from its“ captive” state. The consequences of failing to appreciate the
actua contexts of engineering practice are well documented. The profession is
under pressure from two directions. on the one hand as aresult of social and
political expectations for it to be more inclusive, and on the other as aresult of
exclusion from traditional roles and power bases. Engineersin Australia now talk of
major public instrumentalities becoming “ de-engineered” —their engineering
capability being al but diminated. One seriousimplication of de-engineering isthat
the quality of decision making on technical mattersislikely to decline.

If engineering isto be successful in regaining a position where its
professional expertise can be best employed, it must, we argue, develop a discursive
competence adequate to the increasingly complex socia environment in which it
operates. Here, it is useful to compare engineering with another, related discipline,
geography, in terms of its history of recontextualization of its discursive parameters.

Geography has been, along with engineering, one of the professiona
disciplines most intimately involved in shaping our physical environments. Itis
interesting to recognize similarities, particularly in the United Kingdom and
Australia, between the two disciplines. Both can be characterized as more or less
specific (but somewhat arbitrary) assemblies of material, drawing on aspects of
other disciplinary areas, but generdly lacking atight, clear disciplinary focusin their
own right. In the modern period both have been imperiaist projects, closaly
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associated with the building of nation states, with imperidist expansion and with
what Baran (1973) and Frank (1978) described as the “ devel opment of
underdevelopment.” Both have been centrally concerned with questions of
urbanization, decentralization, urban decay and renewa, and regional development,
with their associated demands on housing and transport and problems of resource
use and congtraint and pollution.

Unlike engineering, however, geography has developed some degree of
salf-reflexivity, mostly viafeminist and post-colonial critiques of the dominant
positivist geographies. The disciplineisin the process of re-conceptualizing itself
from inside, as evidenced in mainstream journals like Australian Geographical
Studies and monographs like Soja (1989). We believe that some of the references
cited here (and the very existence of this paper) show that the same processis
starting to happen in engineering.

If “re-engineering” isto take place, it will require the incorporation of
broader truths, bringing engineersto a reflexive consciousness of the contexts and
consequences of their practice. As areas of the profession respond to these forces, a
new constituency can be expected to emerge, giving rise to pressure from within the
profession for reconstitution of the discourse.

8. ENGINEERING AS A “SCENE OF DISCOURSE”

Contemporary engineering practiceis changing in ways not reflected within
the terms of the dominant discourse. The radical shift away from hands-on practice
and towards managing the development and application of technology supports our
argument for the development of a discourse oriented towards the analysis of
engineering practice.

Engineering practice has aways been based centrally in the activity of
design. The design process begins with selection of the problem to be addressed, a
step which we have indicated above istypically controlled by corporate or political
managers. The next stage isto define the characteristics of an acceptable solution. It
is then necessary to generate alternative approaches to solving the problem, to
review these aternatives against the specification, to decide on a preferred solution,
to document, communicate, and implement the solution, and finally to review the
design outcomes. Design is an iterative process, involving continuing refinement of
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problem definition, product, and production process. Because engineers have not
adequately articulated the nature of their work in their own terms, they and
engineering educators have been unable to locate design adequately within the
discourse and to see the need for development of design skills. The importance of
these skills has been increased by the character and impact of modern information
technologies. In line with amore general change in the contemporary workplace, the
scene of work has become a scene of discourse (McCormack, 1991). There are
several important features of this shift, which we note here briefly.

Thefirst isaburgeoning feature of engineering practice: that of
documentation. There isincreasing emphasis in engineering practice on both the
documentation to support engineering systems and processes and the document
products which form part of thetotal package, such as maintenance manuals.
Information technologies are essentia for devel oping effective documentation.
Global markets have accelerated demand for awide range of engineering support
which isfunctional and user-friendly in an international context.

The second isthe increasing need for high level communication skills,
imposed, among other things, by flatter management structures and the greater
complexity of engineering work. Engineers are expected to work effectively in
teams, not only with other professional engineers but across disciplines and
hierarchies. Employers of engineers commonly interpret the gap between the
outcomes of engineering education and the demands of engineering practicein terms
of alack of communication and management skills. One reason for much of the
current criticism of the communication skills of engineersisthat engineering
educators, operating within the discourse of science, have seen such interpersona
skillsasirrelevant and failed to support their development. To its credit, the IEAust
(1990) has now established a requirement for substantial attention to be paid to this
areain the education of engineersin Australia.

In the contexts of communication and documentation, engineers are
increasingly being called on to explain, justify, argue, and persuade. Engineers have
been accustomed to working only within their own discourse, where they have
assumed that the engineering facts spoke for themsalves. To work effectively across
disciplines they need to recognize that facts are discursive constructs, whose validity
and significance must be presented, explained, and argued for.
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9. RECONTEXTUALIZING ENGINEERING EDUCATION

A central issue for the engineering profession today isthat re-engineering,
while technically desirable, is unlikely to take place unless the discourse of
engineering changes fundamentally to include political, social, economic, and
environmental considerations.

One approach to improving engineering education has been to assert the
importance of socida responsibility in engineering. Obvioudy beneficia and
unambiguous design projects, such as aids for disabled people, have been used in
thisway. Their main limitation is that the analysis of the problem usually starts after
the basic parameters have been defined by others. This approach encourages
students to apply engineering science material to realistic (but usually relatively
well-defined) problems. However, it generally does not open up political issues such
as equiity or the sustainability of continuing economic growth—issues which have
often been seen by academics as outside the area of real engineering, and thus

perhaps personally risky.

Another important approach to integrating engineering practice into
engineering education has been the deliberate introduction of periods of industrial
experience, aong with thorough briefing and debriefing. The value of this approach
isindicated by the persistence of cooperative courses in engineering, despite the
often unrecognized and generally underfunded effort involved in running them.

Structured planning to re-contextualize engineering education at the
University of Technology, Sydney, goes back to 1980, when we introduced the
course, Engineering and Society, in the middle of the undergraduate mechanical
engineering program. This has since been extended to a stream of professional
orientation subjects which runs through the whole course (M cGregor and Johnston,
1992). The effort required was greatly increased by the absence of a suitable text;
eventualy we wrote our own (Johnston et al., 1995). To the authors, this offered the
exciting prospect of opening up the professional discourse, as well as an opportunity
to introduce non-engineers to engineering discourse. An important sidelight on this
process has been that because of synergies between technical and contextual
materia, student learning of the engineering science content of our engineering
courses has generally been enhanced by the professional orientation stream. Putting
technical material into context makes it more comprehensible and motivates
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students to put more effort into understanding it.

As the above example demonstrates, the situation is Slowly starting to
change. There is some communication between those upholding the dominant
discourse and its challengers. The concepts of consultation, diversity, and
globalization have emerged as key elements. They are generating a new discourse
which transcends the captivitiesimposed by both science and business. To meet the
demands of the future we need a discourse of engineering which is environmentally
aware and socially sensitive and inclusive, while also acknowledging the global
nature of engineering.
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