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“What I want to find is another Ariadne’s thread – another Topofil Chaix

TM 1
– to follow how Daedalus 

folds, weaves, plots, contrives, finds solutions where none are visible, using any expedient at hand, in 
the cracks and gaps of ordinary routines, swapping properties among inert, animal, symbolic, con-
crete, and human materials” Latour [1] 

 
 

                                                      
1
 Description of Topofil Chaix

TM 
 a string based device for tracking soil & plant sample sites. 

1. INTRODUCTION - A REPORT OF THE 
HISTORY OF ENGINEERING  

 
 
Engineering has a proud history of serving the sur-
vival needs of the human species. In the process, 
however, engineering works have had unintended 
or unforeseen consequences that are now a major 
challenge for contemporary engineers. Global 
warming, land salination, acid rain, polluted rivers 
and oceans, are just some of these consequences. 
Perhaps it is that engineers, in the past, have been 
too focused on solving the immediate, presenting 
problem (the need for energy, water, food, etc) 
without evaluating the longer term outcomes of 
their intended works – or facilitating such an 
evaluation in concert with others.  
 
As Sprague de Camp states: the story of civiliza-
tion is, in a sense, the story of engineering [2]. 
Throughout the ancient world, early engineers de-
veloped and used rational (heuristic) methods for 
the design and construction of buildings, irrigation 
works, ships, transport and war machines. The 
focus of this engineering practice was, no doubt, 
sustaining the survival of their Community, City, 
State or Patron, in an often-harsh world. These 
heuristic methods have survived into the modern 
era, albeit in a context where scientific understand-
ing has increasingly underpinned engineering 
practice. 
 
The modern era of engineering blossomed in the 
industrial revolution. The industrial revolution would 
have been quite impossible without the steam en-
gine and the ability of engineers and tradesmen to 
design and build complex machines with their as-
sociated control systems. Throughout this period, 
developments in scientific understanding – phys-
ics, mathematics and chemistry, in particular – led 
to an increasingly scientific and quantitative ap-
proach to engineering.  
 
Throughout the modern era, and well into the 20

th 

century, engineers were focused on solving techni-
cal problems within the constraint of cost minimisa-
tion. Thus, engineers were concerned with two 

major issues - technical sufficiency and economic 
or financial cost (the so-called ‘bottom line’ of 
commerce). This focus that emerged from engi-
neering also inspired a similar focus in the man-
agement of human enterprises – technical effi-
ciency at minimum financial cost. The success of 
production line technologies in the early 20th cen-
tury and the ubiquity of the machine metaphor 
have led to a situation where some of us are still 
fighting to reconceptualise organisations, and the 
people working in them, as something other than 
machines.  
 
Throughout the 20th century, the focus on techni-
cal problems continued within engineering and en-
gineering education. A background in physical sci-
ences was, and still is, seen to be the most impor-
tant prerequisite for the “production” or “reproduc-
tion” of engineers. 
 
By the 1970s, awareness of the environmental 
outcomes of civilisation – polluted atmosphere, 
land, rivers and oceans – had increased markedly. 
Engineering educators responded by developing 
environmental engineers (i.e. by aggregation, vis-
à-vis the existing set of engineering specialisa-
tions), while making few changes in the curricula of 
other engineering disciplines. Environmental “im-
pact” became the second bottom line for assessing 
a project.  
 
By the end of the 21

st
 Century, the social “impact” 

of engineering is increasingly of concern. For ex-
ample, recent opposition to wind farms and major 
dam projects is often due less to environmental 
impacts than to the aesthetics of the project – the 
impact on a beautiful landscape – or, from the 
landowners’ perspective, “Not In My Back Yard”. 
With the addition of the social dimension, we now 
see engineers grappling with the triple bottom line

 

– financial, environmental and social.  
 
This aggregation process has no clear end point. 
Like so many disciplines, engineering appears to 
be building a baroque cathedral by aggregating 
more and more criteria onto the basic framework – 
which hasn’t changed much at all. These hetero-



geneous concerns (technical, financial, economic, 
environmental, social and even psychological – 
witness the growth of “human factors engineering”, 
“ergonomics” and “user cantered design”) lack a 
universal calculus to integrate them. What we 
have, instead, is an ever-increasing set of incre-
mental expansions in the definition of what consti-
tutes engineering. The outcome of such an en-
deavour is as predictable as the slow accretion of 
snow on a vertiginous landscape – sooner or later, 
the tipping point will be reached. 
 
 
2. METAPHORS AND THE FUTURE OF 

ENGINEERING 
 
 
Metaphors are what lie behind schools of thought, 
paradigms and, therefore, alternative ontologies. 
Metaphors are constructs that bridge the subjective 
and the objective worlds. Most importantly, this 
subjective bridging experience can be shared 
(communicated) and is, therefore, not just a vehicle 
for creating meaning, but also for communicating 
and exchanging meaning. In this respect, meta-
phors function like “maps” and, like maps, they 
serve to link the objective “territory” with the sub-
jective experience of that territory. Most impor-
tantly, while we know that no map is the territory, 
we also know that some maps, and some kinds of 
maps, are better than others (often, this depends 
on what you want to do with respect to the territory 
- e.g. searching for oil, walking through it, flying 
over it, manoeuvring over it, irrigating it, all require 
different kinds of maps). Further, as time flows, 
and ends change, we need new maps, and new 
kinds of maps. One key signal that a new map is 
required is when the number of specialised layers 
on the map or, in the case of engineering, the 
number of specialisations, begins to resemble the 
highly ornamented, over-developed, grotesque 
style of late baroque, or rococo, architecture, music 
and art. 
 
So what is a metaphor then? Essentially, meta-
phors equate something with something else, 
which it is not. To use a famous example:   “ ‘sex-
ing up’ the evidence” - we do understand what is 
meant, and we do not see an image of a political 
apparatchik dressing some evidence in black linge-
rie and stilettos, and/or committing indecent acts 
on it. However, we do think of the same apparat-
chik making the evidence “hotter” - more desirable, 
appealing, and even seductive. Metaphors also 
provide the framework for research questions (of-
ten subconsciously), and for the modes of analysis, 
examination and operationalisation used within a 
discipline. Problem solving and decision-making 
can only happen within the straightjacket of a spe-
cific metaphorical construct, i.e. it has certain re-

search perspectives and lenses already built-in. In 
this sense, metaphors are “constitutive”. 
 
Knowing this, but in contra-distinction to it, we can 
also use metaphors to help break free of prevailing 
paradigms. In other words, and employing an obvi-
ous metaphor, while cartography is, in itself, a wor-
thy discipline (like linguistic analysis) sometimes it 
is more fruitful to look at how new kinds of maps 
(metaphors) can better trace a new, or changing, 
territory – rather than using cartographic sleight of 
hand to add (aggregate) even more detail into an 
existing map. In this paper we will employ meta-
phors to shed light on the future of engineering 
practice and education – especially in so far as a 
new paradigm of engineering is emerging that inti-
mately involves the concepts of sustainability, re-
search and innovation. 
 
Before we deal with the use of metaphors for the 
future of engineering, we shall illustrate the exten-
sive use of metaphors within physics and engineer-
ing. In physics we routinely come across meta-
phors like “charm”, “strangeness”, “spin”, “colour”, 
“orbit”, “particle”, “quark”, “strings”, “quantum 
knots”, “work”, “chaos” “black hole”.  In engineering 
we come across metaphors such as “power” 
“mass”, “energy”, “the sound barrier”, “search en-
gine”, “world wide web”, “information”, “civil”.  
 
 
3. GENERATIVE METAPHORS FOR 

ENGINEERING 
 
 
The word “Engineering”, itself, has two extant 
meanings, the first of which provides the most 
commonly held academic and popular root defini-
tion: 
 
“The application of scientific and mathematical 
principles to practical ends such as the design, 
manufacture, and operation of efficient and eco-
nomical structures, machines, processes, and sys-
tems” (3) 

 
Metaphorically, this conjures up a vision of a set of 
free floating, external verities, expressed in terms 
of “scientific and mathematical principles” which 
are applied autonomously to another set of exter-
nal objects (“structures, machines, processes and 
systems”). Through the use of the passive voice, 
and the image of a series of abstract principles 
confronted by a series of external objects, the sub-
ject is eliminated. 
 
The second definition has the same etymology as 
the first (Middle English enginour, from Old French 
engigneor, from Medieval Latin ingenitor, contriver, 
from ingenire, to contrive, from Latin ingenium, 



ability) but offers a clearly distinct generative 
metaphor.  
  
“To plan, manage, and put through by skillful (sic) 
acts or contrivance; to maneuver (sic).” (3) 

 
Metaphorically, this conjures up a different vision. 
Here, the active voice, and the choice of words 
provide a subjective as well as an objective flavour 
to the enterprise of engineering. Only subjects can 
“contrive”, “manoeuvre”, “plan” and “manage”. Fur-
ther, it is social entities that “put through” – not ex-
ternalised, universal truths. This paper will argue 
that both engineers and their erstwhile bete noir, 
social scientists, are wedded to the first metaphor 
– a linear Newtonian metaphor where pure truths 
describe an external world that is (or should be) 
acquiescent in the face of these truths. When the 
truths produce false predictions, when the Newto-
nian certainty is replaced with social resistance 
and politics, the “gap” can only be bridged by in-
creasingly baroque metaphors like “social impact”, 
“unanticipated consequences” and “do gooders” 
(does anyone want to be a “do badder”?). The very 
use of the word “impact” implies the separateness 
of artefacts and people – they are autonomous 
billiard balls (atoms, planets), waiting for someone 
to propel them at each other, across a Newtonian 
space. 
 
One of the most important outcomes of the Newto-
nian metaphor is the perception that, amongst 
other things, engineers are faced with the compet-
ing demands of the “technological” and the “social” 
– two distinct, mutually exclusive realms (atoms) of 
being and method, that can only be bridged  by 
aggregating, or we are left with conflict. It should 
be no surprise that a generative metaphor, or 
paradigm, that treats the technological and the so-
cial as separate, incompatible domains often pro-
duces socially undesirable, unanticipated, conse-
quences. It is also why so many attempts to pro-
duce socially relevant projects involves engineers 
and social scientists working alone to produce their 
own part of the solution, and then these parts are 
simply added (aggregated) together.  
 
We are arguing that, at the core of the engineering 
debate is the ongoing dualism between what have 
been labelled the “social” and “technical” views of 
artefacts (eg like bridges, buildings, computer sys-
tems and road networks). The dualism is especially 
important in technology intensive settings, like 
work places that are dependent on telecommunica-
tions and “information” technology. Further, it is 
becoming apparent that this dualism also provides 
an attractive chasm, across which the prevailing 

“schools of thought” with respect to human ↔ arte-
fact interaction can trade blows and publish lots of 
papers….. Over time the relationship between the 

two schools of thought has become a highly ritual-
ised, albeit profitable, war dance. 
 
This distinction between the social and the techno-
logical has produced two competing schools of 
thought, commonly labelled “social shap-
ing/determinism” and “technological determinism”. 
The conflict between the schools has two highly 
problematic outcomes: 

• First, the social determinism school, and the 
technological determinism school, both miss 
the obvious influences of the “other side”. So-
cial determinism leaves little room for the obvi-
ous effects of technology, per se, and the 
technological determinists ignore the important 
roles of social differentiation and human inten-
tion – which brings another problem of the 
techno-centric paradigm to bear; it enables us 
to blame technology for problems which would 
more appropriately be sheeted home to us.  

• Second, the proponents of technological 
determinism, on the one hand, and of social 
shaping, on the other, inevitably design re-
search programs, project management pro-
tocols and educational agendas, which as-
sume a fundamental distinction between 
the social and technical. Technological de-
terminists will frame research questions in 
terms of the social and psychological effects 
that technological developments force on us 
(i.e. their “impact”), and social determinists will 
be concerned to investigate how various social 
actors (eg producers and consumers) design, 
develop and appropriate technologies (at its 
extreme, this perspective ends up in conspir-
acy land). Humans are either the over-
determining agents in the society-technology 
relationship, or passive passengers on a tech-
nological trajectory.  

 
There is a clear alternative, and that is a view, 
which sees humans and technology as equipotent 
actors in a seamless web – where no (hierarchical) 
distinction exists between the two. In the alterna-
tive view, technology does not pursue its own tra-
jectory, through an empty, Newtonian, social me-
dium, nor do psychological and social variables 
act, transparently, through technology. Rather, we 
speak of “sociotechnical” systems.  
 
As we pointed out above, during the first decades 
of our century, production engineers took a dualis-
tic, technologically determinist stance, focussing on 
the adaptation of humans to the organisational and 
technical framework of production. This approach,  
culminated in the Fordist production line which 
was, itself, an optimised version of the earlier “ar-
moury mode” of production, first developed by the 
Springfield armoury, during the American Civil 
War.  



 
By the 1930s, some researchers in the “Human 
Relations” tradition, like Elton Mayo (4) had taken 
up a position identified as Theory Y (as opposed to 
what McGregor (5) refers to as Theory X – the 
Fordist position) that drew heavily on the famous 
Hawthorne studies. They (re)discovered the so-
called human factor in engineering and production 
but, while their findings undermined the idea of 
technological determinism, they felt obliged to 
move to the opposite extreme: 
 
”technology and its mechanical and physical re-
quirements are relatively unimportant compared to 
the social and psychological situation” Drucker (6) 
 
In response to this gap between the social and 
technical, the concept of the sociotechnical system 
emerged from the Tavistock Institute in London 
during the 1950s (Emery and Trist [7]). Following 
the nationalisation of the UK coal industry in 1947, 
a series of studies had demonstrated that a causal 
link could not be established between technologi-
cal change, on the one hand, or social conditions, 
on the other, and productivity. It became apparent 
that: 
 
“So close is the relationship between the various 
aspects, that the social and the psychological can 
only be understood in terms of the detailed engi-
neering facts, and the way the technological sys-
tem as a whole behaves” (7) 

 
System outputs could only be explained by seeing 
technology as embedded within a matrix of social, 
political and economic assumptions, which did not 
automatically change to exploit (or adapt to) new 
technologies. Their concept stressed the reciprocal 
interrelationship between humans and machines 
and led to programs, which were designed to 
jointly optimise the social and technical condi-
tions of production, in such a way that efficiency 
and humanity would no longer contradict each 
other.  
 
The epistemology of socio-technical systems was, 
therefore, consciously developed to cope with the 
theoretical and practical problems of real techno-
logical change, and the research programs were 
aimed at understanding the complexity of real 
situations, in situ, rather than at analysing separate 
social and technical variables, under controlled 
experimental conditions. This meant that the focus 
of research was changed – from “proving” either 
the primacy of technological, or social, causation of 
outcomes, to helping the participants to design a 
work situation, which was more desirable and fea-
sible – using alternative sociotechnical designs. At 
the same time, the conditions and methodologies 
required to produce such outcomes became the 
focus of the research endeavour. 

 
An important theme in sociotechnical thinking is 
heterogeneity (both people and objects are con-
sidered), as opposed to the homogeneity of tradi-
tional engineering or social science. Sociotechnical 
design involves the building of heterogeneous 
networks/systems/ensembles of people, instru-
ments of power (eg. authority, regulations, laws), 
protocols, experiments, machines, colleagues, al-
lies and other stakeholders. With the complex, 
composite nature of sociotechnical entities, the 
actors need to “fold, weave, plot, contrive, find so-
lutions where none are visible, using any expedient 
at hand, in the cracks and gaps of ordinary rou-
tines” as per our initial quote from Pandora’s Hope. 
Further, in order to bring the social and technical 
together, it is necessary to weave social and tech-
nical expertise together – if they are not separate, 
they don’t need to be added, or aggregated, into a 
baroque “lump” or “heap”. 
 
 
4. SEEKING NEW METAPHORS FOR 

MANOEUVRING THROUGH ENGINEERING 
PUZZLES 

 
 
To help in our search, it may be useful to take a 
detour to examine the kind of problem that may 
well be central to your role as engineering educa-
tors - renewing engineering programs for the 21

st
 

century. Central to solving this puzzle is the task of 
answering questions of the following kind: 
 

• Is program renewal about understanding the 
nature of engineering? 
– what it was like in the past and what it 

needs to be like in the future? 
– and where do you get such information?  

• Is program renewal about what mathematical 
and scientific principles are needed by gradu-
ates?  

• Is it about design, manufacture and operation?  

• Is it about structures, machines, processes 
and systems?  

• Is it about learning the skilful acts or contriv-
ances necessary to plan, manage and “put 
through”?  And if so, how do you teach such 
skilful acts or contrivances and, even more 
problematic,  the complex, cunning manoeu-
vres?  

• What manoeuvres are necessary within your 
organisation – to make the change happen not 
only for students but also for staff?  

• What do you need to “put through” with staff, 
so that they get ongoing professional devel-
opment while meeting their teaching and re-
search commitments? 

• What manoeuvres are necessary to ensure 
that  



– the logistics are in place (eg the curricu-
lum, the project plan, the course material)  

– necessary professional bodies buy in,  
– potential employers give the ‘thumbs-up’ 

and in 2-3 years’ time employee the 
graduates of your program,  

– your Institution supports the new program 
(i.e. provides tangible and intangible re-
sources)  

– students believe it is the most desirable 
and feasible program? 

• Is it all of the above, plus more? 
 
A further example to aid our thinking in searching 
for metaphors: attempts by scientists to research 
and develop alternatives to carbon intensive  vehi-
cle fuels have to face the fact that they are not up 
against “the petrol industry”, they are up against an 
ensemble (or network) of powerful actants ( Law 
[14]) – existing funding arrangements; economic 
theory; the automotive, liquid fuels, plastics, alu-
minium, rubber, steel, electronics, advertising, road 
building, motor vehicle maintenance/spare parts 
and service industries; as well as drivers, the driver 
education industry and governments reliant on 
roads and petrol related revenues. Only the build-
ing and maintenance of a more powerful ensemble 
could overcome this status quo. 
 
Both these examples are ‘wicked’ problems that 
require the skilful acts, contrivances and manoeu-
vres of our second definition of engineering. 
 
5. WHAT MIGHT GENERATIVE METAPHORS 

FOR ENGINEERING PRACTICE “LOOK” 
LIKE? 

 
Using the second definition of engineering, that is, 
“To plan, manage, and put through by skillful (sic) 
acts or contrivance; to maneuver (sic).”, as well as 
using our program renewal questions and alterna-
tive energy ensemble as “triggers” for thought, the 
following potential metaphors “spring” to mind: 

Daedalian, -ean, a. In the manner of Daedalus the 
Greek artificer; intricate; labyrinthine (f. L Dae-
daleus of Daedalus (cf Gk daidaleos cunningly 
wrought) 

daedal, a. (poet.). – Skilful, inventive; mazy; mani-
fold, complex, mysterious [f. L f. Gk daidalos skilful, 
variegated] 

labyrinth, n. Complicated irregular structure with 
many passages hard to find way through or about 
without guidance, maze; intricate or tortuous ar-
rangement; (anat.) complex cavity of inner ear; 
entangled state of affairs. Hence ~INE

2
 a.  [f. F 

labyrinthe or Lf. Gk laburinthos] 
 
What appeals to us in the words Daedalian and 
labyrinth? The appeal is not only “the entangled 

state of affairs” of the labyrinth, but also the “cun-
ningly wrought” of the Daedalian enterprise – i.e. 
a process to produce a seemingly improbable or 
intractable result (mathematics in particular is 
“cunningly wrought”). They also imply adaptation; 
they are about puzzle solving; they are clearly 
about mapping a territory (created with a device 
remarkably akin to Latour’s “Topofil Chaix”TM

) and, 
collectively, they are, as the President of the US 
National Academy of Engineering, William Wulff (8) 
says in respect of engineering - “synthetic – 
striv(ing) to create what can be”. 
 
What is the new metaphor for engineering? Acting 
like Daedalus in creating and escaping from the 
labyrinth 
 
In the myth, Daedalus is inspired by the river 
Maeander in creating the labyrinth  to house the 
Minotaur. Daedalus escaped from the labyrinth by 
attaching feathers to a winglike frame and flying – 
an innovative escape. All this occurs within a social 
and political setting of people that Daedalus works 
with, and against. 
 
While this metaphor does not directly capture the 
need to work in concert with others to overcome 
the artificial boundaries of traditional disciplines, it 
does show him as dependent on others. By con-
trast the work of Bruno Latour (12) does directly 
articulate this requirement. 
 
6. EMBEDDING CONTINUOUS CYCLES OF 

RESEARCH AND INNOVATION INTO OUR 
PRACTICE 

 
Existing, linear theories of innovation, which focus 
on diffusion through “early adopters”, the impor-
tance of communication channels and/or the identi-
fication of technically and economically “superior” 
innovations quite explicitly separate society and 
technology, in contradistinction to sociotechnical 
thinking. In a throw back to Newtonian thinking, the 
“fact” of the innovation is seen to be waiting pas-
sively to be discovered, and those who refuse to 
acknowledge the “fact” are labelled “resistors”, pro-
tecting some “vested interest”.  
 
At its simplest, diffusion theory presents a linear, 
past-to-future causal chain which, for example, is 
incapable of explaining such innovative outcomes 
as the success of VHS (versus BETA) or the 
QWERTY keyboard where, instead of an “innova-
tive” genius and a technically superior product, we 
see a coalition of interested parties co-producing a 
commercially successful, but technically “inferior” 
innovation. 
On the other hand, Latour’s Actor Network Theory 
(eg Vidgen  and McMaster [9], Law and Hassard  
[10], Latour [1]) proceeds from a completely differ-
ent set of assumptions. It is concerned with the 



creation of “facts”, or “black boxes” (Vidgen & 
McMaster [12]), like technologies and innovations. 
In contradistinction to diffusion theory, these facts 
do not wait passively, waiting to be discovered – 
they are created by networks of human and non-
human “actants” (Law [11]), which gradually evolve 
from “an assembly of disorderly and unreliable al-
lies “to” something that closely resembles a black 
box,” (Latour 198712, p130).  
 
The network is strengthened as new allies join, and 
the box becomes blacker, the facts become 
harder. Each actant translates the shape and form 
of the ultimate fact (or innovation), as they add 
their resources. Competition is resolved in favour 
of the more extensive network. This approach fits 
the VHS : Beta, and QWERTY : Dvorak competi-
tions perfectly – VHS has become black-boxed as 
“video-recording”, and the QWERTY layout has 
become black-boxed as “the keyboard”. 
 
The modified diagram based on Latour [1], pp 99-
111, indicates the 5 classes of interactions (or ma-
noeuvres) that determine the sustainability of a 
sociotechnical innovation: 
 
Mobilisation of the World – to quote Latour ([1], 
p90) “all the means by which non-humans are pro-
gressively loaded into discourse” (including non-
tangible ‘instruments’ like authority and supporting 
theories). This requires a movement towards the 
world - in the physical sciences it implies physical 
instruments, in anthropology, expe-
ditions, in sociology, surveys & 
questionnaires.  
 
This loop is also concerned with the 
sites where the humans and non-
humans are collected together. In 
Australia such sites include 
University Laboratories; Computer 
sites; Australian Bureau of Statis-
tics, technology intensive organisa-
tions, ANSTO, AAEE, AIE, DSO 
etc.  
 
“Through this mobilisation, the world 
is converted into arguments…it is 
the logistics that is so indispensable 
to the logics of science” (Latour, [1], 
p101) 
 
Autonomisation – This is the proc-
ess of finding and engaging col-
leagues in a project. This loop: 
“Concerns the way in which a disci-
pline, a profession, a clique, or an 
“invisible college” becomes inde-
pendent and forms its own criteria 
of evaluation and relevance. (Latour  
[1] p 102) 

This loop also involves institutions (organisations 
plus resources plus regulations and statutes) – the 
places where cliques, researchers, groups, clus-
ters form coalitions across disciplinary boundaries 
to ensure that the process of designing and devel-
oping the (potential) development or innovation is 
managed successfully. The institutions are also 
necessary to manage the controversies – the flow 
of data produced by the first loop has to convince 
the colleagues in the second loop.  
 
Alliances – This loop is about forming alliances to 
embed the development or innovation in the 
broader social, economic and political context. 
However, it is not about historians placing engi-
neering in context, to explain the failure or success 
of a specific project, it is about engineers, them-
selves, placing their discipline or project in a con-
text sufficiently large and secure enough to enable 
it to exist and endure. Without this loop, instru-
ments will not be developed, projects will not be-
come autonomous and institutions will not form. 
Such alliances do not pervert the flow of informa-
tion; instead, they make the “blood” flow faster, and 
the pulse rate higher. To succeed, a clinamen has 
to be created which makes links between, for ex-
ample, engineers and industrialists, social scien-
tists and politicians, or kings and cartographers 
appear, in retrospect, to have been inevitable. 
 
Public Representation – This is the loop engi-
neers must travel in order to take care of their rela-
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tions with the man and woman in the street, with 
reporters, with pundits, with talk-back “shock jocks” 
– with public perceptions of the functional, political, 
national or aesthetic value of a potential develop-
ment or project.  
 
Even if the instruments were in place, if peers had 
been enrolled, if well endowed institutions were 
ready to offer a home to this wonderful project, and 
if government, industry, army, social security and 
education provided the engineering with wide sup-
port, there would still be a great deal of work to be 
done. However, like all the others, this loop re-
quires a completely different set of skills from engi-
neers, unrelated to those of the other loops, and 
yet these skills will codetermine the outcome.  
 
Latour argues that this loop is, in many ways, the 
most important in today’s climate where scientific 
and engineering endeavour is deeply dependent 
on public representation.  
 
Links and Knots - This is what holds the other 
loops together, and without this core, they wither 
and die. It is the core that requires the application 
of our first definition of engineering. It is here that 
the project is grounded in physical science. Tradi-
tionally this core has been called “the concept”, but 
Latour proposes a more radical role. 
 
Latour argues that an understanding of engineer-
ing and science is bedevilled by attempts to enu-
cleate the conceptual, core and its scientific 
formalisms, thereby reducing the loops to “con-
tent” and “context” (and, by implications, to “con-
tingencies” that are not really part of engineering). 
 
These activities all take place within the broader 
macro environment with its complex dynamics. It is 
one thing to develop, articulate and develop a pro-
ject within a relatively stable, albeit competitive, 
environment, it is quite another to do the same 
thing within a turbulent environment. 
 
As we can expect, there are strong feedbacks be-
tween the “loops” of interactions – a supporting 
social trend (like “small is beautiful”) primes the 
public for supporting messages which, in turn, fa-
cilitates the formation of alliances and attracts 
funding and other instruments of power, making 
the project attractive to colleagues. Further, this 
process takes place in cycles – from Latour’s per-
spective all sociotechnical innovation is necessarily 
an example of what is referred to as “action re-
search”. 
 
7. IN CONCLUSION 
 
In this paper we have briefly discussed the history 
of engineering from its heuristic roots culminating 
in the machine metaphor of the 20

th
 century and its 

reliance on the physical sciences. We have en-
deavoured to shed light on the future of engineer-
ing practice and education in an increasingly turbu-
lent environment – especially insofar as a new 
paradigm of engineering is emerging that intimately 
involves the concepts of sustainability, research 
and innovation.  
 
We have used an alternative, Daedalian, definition 
of engineering: “To plan, manage, and put 
through by skillful (sic) acts or contrivance; to ma-
neuver (sic)”. To enact this definition, we have pro-
posed a model of engineering practice that embod-
ies a range of manoeuvres – mobilization, alli-
ances, autonomisation, public representation and 
links and knots – that are necessary to innovate 
within the broader macro environment with its 
complex dynamics. Inherent in this process is the 
importance of social processes (and social sci-
ences) as an essential strand in the use of applied 
sciences.  
 
A challenge for us all is to adapt our curricula, stu-
dents and staff to embed this new style of engi-
neering in our programs. 
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