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Abstract

Systems engineering has been plagued by the praifléow to separate a system
from its environment or context, in particular frat® social context. We propose to
include anything in the system that is necessarpdoforming its intended function
and that may be the object of design. For certagineering systems, such as civil
aviation systems, this implies that human agentdssagial institutions have to be taken
as integral parts of these systems. These ‘soclmiteal’ systems are of a hybrid
nature because they are constituted by differemtskof elements, intentional and non-
intentional: social institutions, human agents taatnical artefacts. This paper
analyses two different roles that human agents|easents of socio-technical systems,
may play with regard to technical artefacts. Furtiwe, it discusses some conceptual
problems concerning the modelling of socio-tecHrsgatems that are due to the

hybrid nature of these systems.

“Paper presented at the Engineering Systems Div&yomposium, MIT, 31 Maart, 2004. Note that the
notion of socio-technical system as it is used er®t to be confused with the notion of socidatécal
systems theory which addresses issues about labgamization in relation to technology; cfr. Jagkso
(1991, p. 59 ff).
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1. Introduction: a conceptual problem

The field of systems engineering has inheritedreceptual problem from systems
theory. Just as systems theory since its beginmiag$een plagued by the question
how to separate a system from its environment otect, the field of systems
engineering has been confronted with a similar tuesbout engineering systems.
How are the boundaries of (engineering) systenfetdrawn? What belongs to the
(engineering) system under consideration and whi$ £nvironment? For engineering
systems this problem manifests itself conspicuowdly regard to the status of non-
technical elements, such as social, political, eatin and institutional ones. To what
extent are these, or ought these elements to tsdewad to belong to engineering

systems or to the environment or context?

The following remarks illustrate that this problésvstill alive within systems
engineering circles. One of the leading institusiomthe field, the Engineering Systems
Division (ESD) of the Massachusetts Institute offi®ology defines an engineering

system in the following way (ESD-WP-2003-01.2018):

Engineering system — a system designed by huma#isgheome purpose; large scale and
complex engineering systems, which are of mostesteo the Engineering Systems Division,

will have a management or social dimension as agel technical one.



This definition does not present a clear visioritenstatus of non-technical elements
with regard to engineering systems. It leaves apeat kind of elements are to be
included in an engineering system, but stronglygests that it may consist exclusively
of technical elements and that only for a spedyfpe of engineering system non-
technical elements are a relevant dimension, argel scale and complex engineering
systems. The definition has to be interpreted agalire background of the
Multidimensional View of Engineering Systems (ESIOPYZ003-01.20, p. 6 ff). A
closer look at this view of engineering systemssduoat resolve our issue. On the
contrary, it contains an ambiguity with respecthe status of non-technical elements.
According to this view every engineering systertocated in a three-dimensional
space spanned by Technology, Management and Sotletge three dimensions are
the defining features of engineering systems, athat the technical dimension is the
“central, defining feature” (p. 6). Nevertheled® social dimension is characterized as
the “context dimension” (p. 8). But how can thigdifeature of engineering systems be
at the same time a defining feature, i.e. an isitiaspect of engineering systems, and

its context

The ambiguity of the Multidimensional View of Engiering Systems with regard to
the status of non-technical elements is also st by the following remark in the
same document: “There are always key boundary sssssociated with the contextual
dimension. For some purposes, economic, legal aliticpl factors are appropriately
treated as exogenous factors impacting complexnergng systems. For other
purposes, they are very much a part of the systatanconsideration.” (p. 8). This

immediately raises the question which kind of pggmallow these factors to be treated



as exogenous and which as intrinsic to the systetroa what grounds. And for multi-
actor systems we have to add the question: whagp®ges? Apparently, the status of
social, institutional etc. elements depends on tieasystem boundaries are drawn, and
there may be pragmatic reasons, depending on #dwfisgproblem and purpose at
hand, to draw the boundaries such that these fabtmrome either exogenous or
intrinsic to the system under consideration. Bagpnatic reasons have to be treated
with care, since pragmatic reasons are determmachigh degree by professional
practices and these in turn by prevailing institadélised forms of the division of

labour. And precisely existing forms of the divisiof labour may, from a systems

perspective, be problematic.

One of the most obvious ways of approaching thelpro of determining the
boundaries of engineering systems is by includimgtang in the system that is
necessary for performing its intended function #rad can be the object of design. This
is the approach taken in this paper. The intendedtion is taken to be the unifying
principle of the system, that which makes the systeo a ‘unified whole’. On the
basis of this starting point and an analysis ofrtbigon of technical artefact, we will
explore the status of agents and social factots migard to engineering systems. We
aim to show that at least three different situatibave to be distinguished (see Table
1): (1) engineering systems which perform theirction without agents and social
institutions performing a sub-function within thgseem, (2) engineering systems in
which some agent performs a sub function withoatadanstitutions playing a role,
and (3) engineering systems which cannot perfoeir fhnction without agents and

some social/institutional infrastructure being lage. In the last case it seems



appropriate to speak of socio-technical systems.sEtond aim of this paper is to
show that from a systems-theoretic point of viegieeering systems of the second and
third type raise fundamentally different problersscampared to systems of the first
type, since they are hybrid systems containingedbfiit kinds of elements and relations.
In the final section we will indicate some of th®lplems engendered by this hybrid
nature for the modelling of socio-technical systelsbe sure, the fact that these
hybrid systems raise specific problems for enginggpractice has already often been
observed, e.g. in information systems design, a&avwdapproaches and tools for dealing
with these problems pragmatically have been deeelojn this paper, we are,

however, primarily interested in spelling out soofi¢he conceptual problems tied to
the idea of hybrid, socio-technical systems, irtipalar conceptual problems with

regard to modelling such systems.

Without With
Agents Agents
Without
Tire of Landing gear Airplane
Social Institutions
With
? Civil Aviation
Social Institutions

Table 1 Type of Engineering Systems

We will start with some preliminary remarks on tieéation between technical artefacts

and engineering systems.



2. Technical artefacts versus engineering systems

The difference between technical artefacts andiieahsystems seems to be one
mainly of scale and complexity. Civil aviation fer instance, a complex public
transportation system making use of all kinds ohtmlogical artefacts (airplanes,
runways, luggage transport systems, communicatioipenent, fuel, etc.), all of which
contribute to or are indispensable for the fundtigrof this transport system as a
whole. This way of distinguishing between technadéfacts and systems is in line
with the idea that the emergence of systems enginteas a separate engineering
discipline is related to a specific phase in theettgoment of technology, namely one in
which large-scale, complex technological systemmsecto play an important role.
Whereas the various branches of traditional ‘actéfangineering are focused on the
design, development and production of isolateshdstlone material objects with a
specific technical function, systems engineerinigcsised on the design, development
and implementation of complex combinations of técdélrartefacts (coming often from

various engineering branchés).

A problem with this distinction between technicekéacts and systems is that the
meaning of the notions of scale and complexityighly context-dependent. What can
be considered as a technical artefact from ongpetise may appear as a complex

technical system from another. Airplanes can besidened as technical artefacts

! See for instance Auyang (2004), p. 170 ff.



within a high-level analysis of civil aviation agablic transport system, but they
become extremely complex technical systems by tel@s when looked upon from
the point of view of airplane design. And from th#er perspective, a tire from the
landing gear may appear to be a ‘simple’ techrac@fact, but it again becomes a
complex system when looked upon from the pointophysical-chemical
composition. Thus the technical system vs. techaitafact distinction is a relative
one. When one tries to decompose, from a certasppetive, a technological system
in terms of its constituent technical artefactkiral of Russian-doll effect occurs: from
another perspective the constituent technicalastetthemselves may turn out to be
complex technological systems. We end up with &upgcin which technical systems
are embedded, as technical artefacts, in highet teghnical systems, which

themselves are embedded, as technical artefa@gain higher level systems, etc.

If indeed the system-artefact distinction is atre¢éaone, it becomes difficult to
understand what is so special about systems engigegs a vistraditional forms of
engineering. The latter are also dealing, fromrtbein perspective, with complex
technological systems. We think, however, thatdteae two reasons why the Russian-
doll metaphor for the relation between technicaksms and technical artefacts is
misleading. Each Russian doll contains anotherafaixactly the same shape, only
smaller. This appears not to be true for the systegfact distinction: going down the
hierarchy of systems composed of artefacts whiem#elves may be considered to be

systems, the nature of the systems involved appeafsange in at least two ways.



In the first place, lower in the hierarchy the ftioging of engineering systems
becomes less dependent on non-technical aspectsidéoagain civil aviation. The
functioning of this transport system is not onlgliy dependent on the functioning of
technical artefacts, but also on the functioningaial (legal, institutional, economic)
elements and on the behaviour of various actorenWe put our focus on airplanes,
the technological nature of the system comes mumte o the fore; nevertheless non-
technical elements still play an important rolehariéggard to the functioning of this
system (e.g. the behaviour of pilots). Going $titther down the line, we reach
technical systems whose functioning at first s@pes not involve non-technical
elements at all, for instance landing systems iirte engines. Thus, the nature of the
systems involved changes and related to that ttzenimg of the notion of the
functioning of the system. At the highest levehiealogical systems are embedded in
social systems and the functioning of the systenotpurely a technical matter. At the
lower levels technical systems are as much askgedsbolated from their social context

and their functioning seems at first sight to beaiter of technology alone.

A second significant change concerns the variegngiineering disciplines involved in
designing and developing systems at the variowsdde\rhe design, manufacture and
operation of the technological infrastructure @i\al aviation system involve almost

all traditional engineering disciplines. This i ho say that each technological element
requires the cooperation of all these disciplites,in many cases close cooperation

between engineers from different disciplines isessary. Far down in the hierarchy



(especially at the level of technical componernysjems tend to become much more

mono-disciplinary in nature (a mechanical, eleeiribydraulic, etc. system).

So if we enlarge the boundaries of engineeringesyst the heterogeneity of the system
increases in a double sense: the system tendstaicdechnical artefacts from

different engineering disciplines and additionalfn-technical elements beside
technical artefacts. In a way, this will increalse tomplexity of engineering systems,
which may make systems engineering higher up irhigerchy different from
traditional forms of engineering. The latter appedbe dealing with technological
objects proper; that is, with objects whose funti®completely detached from any
social/institutional context. At first sight it sas that the functions of these purely
technological artefacts can be described and agdlgsclusively on the basis of their
physical make-up. However, the idea that the famctif a technical artefact may be

understood in terms of its physical, more generatigterial make-up, is problematic.

3. The dual nature of technical artefacts

We claim that technical artefacts have a dual eatie function of a technical artefact

is grounded on the one hand in its physical stracton the other hand in a context of

% The mono-disciplines involved are the result stdrically grown patterns of division of labour in
engineering practices; the viability of these paigeof division of labour may, of course, be pubin
question.
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intentional human actiohSo the idea that the function of technical artesfaan be

understood by looking only at their physical malehas to be rejected.

Before presenting this dual nature view of techmactefacts, we will briefly discuss
Herbert Simon’s theory on artificial things as es@d in his classithe sciences of the
artificial (in the following text, page numbers refer to (8im1996)). This theory

proves to be a nice steppingstone to the dual-eaiew.

For Simon the science of the artificial will clogeésemble the science of engineering
because engineering deals with the synthesis mfishin contrast to the scientist, the
engineer and more in particular the designer is¢eoned with how thingsughtto be

— how they ought to be in orderattain goals and tofunctiori’ (p. 4-5). One of the
striking features of (technical) artefacts is psety that they can be characterized in
terms of functions and goals. Functions and ga&saalysed by Simon in the

following way (p. 5):

Let us look a little more closely at the functiovalpurposeful aspect of artificial things.
Fulfillment of purpose or adaptation to a goal ilves a relation among three terms: the purpose

or goal, the character of the artifact, and tharenment in which the artifact performs.

For instance, the purpose of a clock is to teletemd the character of the clock refers
to its physical makeup (gears, springs, etc. fmeahanical clock). Finally, the

environment is important because not every kindadk is useful in every

% See also Kroes (2002).

11



environment; sundials can only perform their fumictin sunny climates. Simon’s

analysis of artefacts is represented in a schemwatjcin figure 14

Goal/Purpose

Figure 1 Simon’s analysis of artefacts

According to Simon the environment of an artefactéry important because it moulds
the artefact. He considers the artefact to be @ &iriinterface’ between “an ‘inner’
environment, the substance and organization oattict itself, and an ‘outer’
environment, the surroundings in which it opera{gs™). The inner environment of
the artefact, its character, is shaped in suchyetla it realizes the goals set in the
outer environment (p. 10). Therefore, the scieridbeartificial has to focus on this
interface, since the “artificial world is centenegcisely on this interface between the
inner and outer environments; it is concerned waithining goals by adapting the

former to the latter” (p. 113).

Simon’s distinction between inner and outer enviment points to two different ways

of looking at technical artefacts. Looked upon fribra outer environment, the

* The arrows stand for conceptual implication: tbéan of an artefact conceptually implies the notid
a character, a goal or purpose and an environment.
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technical artefact presents itself primarily as sthimg, whatever its inner
environment, that fulfils a certain goal, purposéumction. From this perspective the
artefact is characterized primarily in a functionaly; the inner environment remains a
black box. Looked upon from the inner environméme, artefact is described as some
kind of physical system; from this perspective, goal that it fulfils in the environment
remains a black box. As Simon remarks (p.Givenan airplane, ogivena bird, we

can analyze them by the methods of natural sciestb®ut any particular attention to
purpose or adaptation, without reference to therfate between what | have called the
inner and outer environments.” These two differgays of characterizing artefacts, in
terms of its inner and outer environment, correspdosely to what we call the dual

nature of technical artefacts.

Our starting point is the following characterizatiof technical artefactsechnical
artefacts are objects with a technical function avith a physical structure consciously
designed, produced and used by humans to realzéutinction In short, a technical
artefact is a physical object with a technical fimt. In so far as technical artefacts are
physical objects, they can be described in ternghgséical properties and the way they
work can be explained in terms of causal procegagsas mere physical objects, they
are not technical artefactgheir function turns them into technical artefaatsl it is

their function that ties technical artefacts to lamnaction, because it makes no sense to
speak about technical functions without referenca tontext of human action.

Functional discourse is part of the intentionalaaptualisation of the world in which

® Note that in the following we will make a distifwt between an artefact and a technical artefact: a
artefact is an object that has come into beindn@sdsult of intentional human action; a technéssfact
is an artefact that performs or is ascribed a falciunction.
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reference to goals and ends makes sense and ih migians-end relations play an
important role. It is meaningless to speak abahrigeal functions without a context of
intentional (human) action. This characterizatiba technical artefact makes it an
object with a dual nature: it is an object withuadtion, which on the one hand is
closely related to the physical structure of thgot) and on the other hand is closely

related to intentional human action.

According to the above line of thought, the notidriechnical artefact is related to
three key notions, namely the notion of a techrfigattion, which itself is related to
the notion of a physical structure and of a contéxhtentional human action (see

figure 2).

Technical
Artefact/
Function

Physical \ Context of
Structure human actio

Figure 2 The dual nature of technical artefacts

There are some notable differences between ouysisalf technical artefacts and
Simon’s. Simon’s notion of goal or purpose has begtaced by the notion of

function. This may seem an insignificant move, ibig an important one, because we
may attribute functions to technical artefacts, imittgoals (in the sense of an aim or an

end (elog). The notion of goal or end refers to a contéxhtentional human action;
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within such a context a means used to achieve lagod, aim) is attributed a function.
Thus, Simon’s analysis implicitly refers to a cotitef human action by referring to
goals and purposes. Furthermore, the notion ofrenrient has been replaced by the
notion of context of human action. It could be adyihat this is also a minor change,
because one form of environment is a context ofdruaction. Simon'’s claim that the
artefact has to be adapted to its environment blodla down to the, rather obvious,
claim that the design of the artefact has to take account the context of human action
in which it is used. Nevertheless, this is a natide change, because it brings to the
fore that not any kind of environment is relevamtthe analysis of technical artefacts;
only references to environments comprising a cdrdékuman action are appropriate.
In his example of the sundial, for instance, Sirmdarprets the environment in a
physical way (sunny climates are the required emwrent for sun dials). But this is
problematic. It is not this physical environmerdttturns the object involved, a stick
that casts a shadow on a surface, into an artefalee type sundial. Only within a
context of human action (e.g. of ordering eventsanparing time intervals) this
physical object acquires a function and becomesfanical artefact (a time-keeping

device or clock).

Note that the above characterization of a techmidafact involves intentional
processes in an essential way: without some coonfdximan action (activity,
processes) the notion of function loses its mearand what is left of a technical
artefact without its function is merely some phgsiobject. This interpretation of
technical artefacts is confirmed by the observatiat with most, if not all, technical

artefacts is associated a (implicit or explicittusianual. A user manual has at least
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two functions: it is a means to communicate therided function to the user as well as
a way to make this function accessible to the bgearescribing which actions have to
be performed in order to realize the intended fionctin other words, the user manual
contains a use plan. The assumption that user rhanddechnical artefact are
inseparable is not as innocent as it may seemadls to an important shift in our
conception of a technical artefact, which is irelimith the dual-nature interpretation.
Instead of looking upon a technical artefact asatenmal object with a practical
function, this assumption favours a view of a techlhartefact as an object with a
specific material structure embedded in a use atahit is by virtue of its material
structureandits use plan that it has a technical funcfidn.the same vein, engineering
design may be considered not to be primarily abwari-made material objects as such,
but about devising use plans (activities) togethén the material objects referred to in

those use plans.

Against the background of the dual nature of techirartefacts we will now reconsider

the issue about the boundaries of engineeringegste

4. Engineering systems as systems of technicdhatse

At first sight our analysis appears to have facih@®g consequences for how the
boundaries around (systems of) technical artefaetgbe drawn. The idea that

technical artefacts with their functions can besidered on their own, irrespective of a

® See Houkes et. al. (2002).
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context in which agents play a role, has to bectege Functional properties are simply
not intrinsic properties of technical artefactseylare relational properties, which are
on the one hand connected to properties of matgriattures, on the other to properties
of agents. Without material structures there aréenbnical artefacts, but without
agents there are also no technical functions. Madenmaterial objects, i.e. artefacts,
become technical artefacts, that is, acquire anfeahfunction, through their

embedding in means-end relations by agents, thetrisugh their embedding in a
context of human actiohThis context of intentional action is constitutiiee the object

being a technical artefact.

The implications of this analysis for the statusoc€ial factors with regard to
engineering systems have to be drawn with carentinal human action is often
associated with social aspects, but intentiona@achay not necessarily presuppose a
social context. In order to avoid misunderstandigtgis begin with distinguishing the

following two roles agents may play with regarde¢ohnical artefacts.

Certain technical artefacts, such as a car orrgiaae, explicitly require for their
functioning the presence of agents. These agenisrpea function with regard to the
artefact: anyone who wants to make use of a can@irplane as a means of
transportation needs a driver or a pfl&o the car itself or the plane itself is an

incomplete means of transportation. When desigaingr or an airplane, engineers

" We leave open the issue whether natural, i.e.man-made objects are turned into technical artefact
by embedding them in means end relations.

8 Note that when somebody uses a car to go fromB\aad drives the car herself, then that persoyspla
a double role with regard to the car: she is tteg othe car, and at the same time the driverth&s
driver, she is part of the transportation systenhfatfils a (sub)function within that system, ag thser
she is not.
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have to include agents in the system to be desjgmeck these agents are supposed to
perform a function that is crucial for the functiog of the technical artefact. They also
have to take into account the properties of thgeats; it would be no use designing a
car (airplane) nobody would be able to drive (fiyr this type of technical artefact our
claim that the boundaries around the artefacts tmbe drawn such that the technical
artefacts include agents is not very remarkabkeintblusion of agents in the system to
be designed is rather obvious. The agents invatvay be considered to be
subsystems, with specific sub-functions, of the tsystem to be designed (although
these subsystems are not designed but at mossige@el’, so to speak, by being

trained to operate the technical artefact).

Other technical artefacts, such as a televisioorsatlamp, do not need agents to
perform their core function. Of course, these dewvisave to be switched on by
humans, but once this is done, they continue totfon without human assistance.
When someone who is watching television leavesdbm, the television set and the
lamp lightening the room will continue to operassifanothing had happenédClearly,
agents perform an important role as users of ttezdmical artefacts: someone has to
switch on the television set or the light. But otizs has been done, the technical
artefact operates without the help of agents,wihout agents performing some sub-
function such that the thing keeps on going. Oaintlis that even this kind of technical
artefact has a dual nature and that this dual @atuplies that as a technical artefact it

cannot be isolated conceptually from agents asuser

% It can be questioned whether a television setligimctioning when nobody is watching it. The
television set is no longer embedded within analaige plan (means end relations) and therefarlgtr
cannot be said to be still functioning, since nopattributes any function to the artefact. So, some
technical artefacts may be operating without fuoratig.
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In order to clarify further the different roles aents with regard to technical artefacts,
it may be remarked that in the first type of teclahartefacts, agents, in so far as they
are part of the technical system and perform aispéanction, may be eliminated, e.g.
by the development of auto-drivers or auto-pil@s.en that we are dealing here with
transport systems, it would be quite absurd to gsego replace the passengers with
auto-passengers. It simply does not make sendertin&e the role of agents as users

with regard to either kind of technical artefacts.

So technical artefacts involve, by definition, aigeeither as users or as designers or
makers or operators or what have you. In practiogjever, engineers proceed as if
agents are not there. They treat functional progseds if they are properties of the
objects themselves (when listing their productsamponents with their functions they
do not bother to describe the agents who attrithése functions to the objects
involved). This does not lead to any problems ag las users make ‘proper’ use of
technical artefacts, that is, use technical artefaccording to the use plan intended by
their designers (Houkes, 2005). In those casedutiations attributed to technical
artefacts by their designers and users are the, sardesince the physical structure of
the technical artefact was specifically designegeidorm this function it is a small
step to conclude that this function is a propeftths physical structure itself. In daily
engineering practice the assumption of proper sisakien for granted, which makes it

easy to slip into an obijectivistic language witgaed to functions.
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Problems arise, however, in cases of ‘improper’afdechnical artefacts. Then the
intimate relationship between functions and ageoises to the fore. Suppose that
somebody uses a screwdriver as a chisel to renayae s/00d, and when hitting the
screwdriver with a hammer the shaft of the screvedrbreaks and the user gets
injured. Suppose, furthermore, that the user filesmplaint against the seller of the
screwdriver, who keeps the maker/designer resplendibe obvious response of the
designer is that the use of the screwdriver agsekis improper; the user has
embedded the object in a wrong user plan, so hienself to blame. The proper
function of the screwdriver, he claims, is to drsezews and not to chisel wood; that is

what the object has been designed and made for.

But how are we to decide what constitutes propémproper use of a technical artefact
or what theproperfunction of an object is? Can this be decidedlgafeterms of the
physical structure of the object involved, or dre intentions of the designer or the user
also relevant? The idea that the proper functiomnobbject can be determined solely
on the basis of its physical constitution, its pbgkcapacities, appears highly
problematic. Different capacities may form the bdsr performing different functions.
Take again our example of the screwdriver; supplesiit turns out that the
screwdriver broke because of a fault in the shadtthat, if it would have been used as
a screwdriver, the shaft would have broken allsdwme. Suppose, furthermore, that
without this fault, the screwdriver could have besed without any trouble as a chisel
for removing the wood. It seems that without a tese to agents, in particular the
intentions of users or designers, it will not begible to determine which function

(screwdriver or chisel) is the proper function o fartefact. It may well be that what is
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a proper function is partly a social (institutionadatter (in which conventions play an

important role).

We may conclude that when engineering systemsaargdered to be systems of
technical artefacts, agents may play two differelds with regard to engineering
systems. Agents may be involved functionally in$kase that agents perform a
subfunction, which is necessary for the functionifighe engineering system as a
whole, given its current design. In this role, ageare notonceptuallynecessary, since
in principle they can be eliminated by automatiomplving a redesign of the artefact.
The other role that agents play is that theycareceptuallynecessary for attributing
functions to technical artefacts. In this role tlaynot perform a subfunction within the
system. The consequences of this conceptual rokadostatus of contextual (social,
legal, economic) factors with regard to engineesystems are limited. It does not
imply that contextual factors are also constituttééechnical artefacts and that
technical artefacts always have to be conceivecaaaty/sed in combination with
social, legal, economic, etc. aspects. The agexg dot appear in the form of a social,
legal or economic agent, but only in the form ofirentional agent (who intentionally

attributes a function to an object).

5. Engineering systems as socio-technical systems

Down at the lowest levels, engineering systems beagonceived as consisting of

technical artefacts, which, although agents plagrestitutive role for these technical
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artefacts, perform their function without the egjtlintervention of agents. But higher
up in the hierarchy agents play a much more promirade, in the sense that they
perform all kinds of (sub-)functions which are daidor the functioning of the whole
complex network of technical artefacts. In the cafsevil aviation one can think of
pilots, check-in personnel, air-traffic controllensaintenance staff, etc. But more is
involved than only agents who are using or opegatechnical artefacts. Agents are
also involved in the sense that they produce aeg@ kenctioning social, economic,
legal, etc. institutions that are necessary forftinetioning of the whole system.
Without education programs for pilots and instins for licensing pilots, without
banks, insurance companies, laws, regulationspreidern civil aviation systems could

not function (or at least would not function asyticerrently do).

Thus, at the higher levels, engineering systemerbheanuch more heterogeneous, in
the sense that, apart from technical infrastructiniaedware), agents and social
infrastructure (software, institutions) become @egral part of the overall system too.
Those elements become essential for the functiawifitige system as a whole. This is
why it seems more appropriate to call such syss®-technical systems. One way
to keep out all non-technical elements (agentsakdegal, institutional elements) from
the domain of study of engineering systems woultbltake into consideration only
the hardware of such systems (that is, the techgimabartefacts proper) and to put all
other elements into their context. This, howeveesinot seem to be a fruitful
approach. Take again the civil aviation transpgstem and reduce this system to the
system consisting of only the technological artefavolved. It may be questioned

whether the ‘technological’ civil aviation transpsystem defined in this way is a
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system at all. How are the relations to be concebatween the various technical
artefacts that are supposed to glue together Hréskacts into a system, a unified
whole? What kinds of technical relations exist lesw such diverse technical artefacts
as a luggage handling system, a runway, an afiet@dntrol system, an airplane, a

passenger booking system, etc? It is not clear hihaks these elements together.

Just as the technical infrastructure, the socfeagtructure of socio-technical systems
is man-made. The social institutions may be thelred intentional action or emerge
unintentionally. In so far as they are the restilhtentional action, the design and
implementation practices of these institutions appe be very different from
engineering practice (lawyers and policy makergeed of engineers play a crucial role
in these practices). The reason for this is rabbherous: the functioning of these social
institutions is not intimately related to mates#iuctures, as it is the case for technical
artefacts. Instead of knowledge of the materialldydmowledge of the social world is

primarily relevant for institutional design.

The idea of engineering systems as socio-techsysaéms is by no means new. It
plays an important role in the work of Thomas Hugbe large technical systems
(LTS) (Hughes, 1987). Hughes conceives of larghrieal systems, such as power
networks, as seamless webs of social and techelimalents. He distinguishes the
following elements of such systems: physical acttf, organisations, scientific
components, legislative artefacts and natural reesuHughes, 1987). Such systems
are characterized by a common system goal andkatlemts of the system in one way

or the other functionally contribute to that gdalhile social and organisational
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elements are part of the system, contextual orenwiental elements are not. In
Hughes’ conceptualisation, the environment of §sesn consists of those elements
with which the system has no interaction, but witiich nevertheless unilateral
relations may exist. The system thus will dependentain elements in the

environment and will influence others.

Human actors have a special place in the systemefitors, industrial scientists,
engineers, managers, financiers, and workers am@aoents of but not artefacts in the
system” (Hughes, 1987, p.54). They are — unlikeother elements of the system - free
to act. Human actors have a number of roles wipeet to, and within, technological
systems. One role is that they often completedkdlfack loop between system
performance and system goal; they cyberneticaltyecd system failures. Another role
is that they are the inventors, designers and dpees of the system. In this respect,
one category of actors is especially important ediog to Hughes: the system builders,

i.e. the people that consciously build and furtievelop large technical systems.

It is one thing to observe that engineering systantslarge technical systems are
socio-technical systems. It is another thing tdlspe the concept of a socio-technical
system in more detail in system-theoretic termsatimds of elements constitute
socio-technical systems and what kinds of relatlmtsveen those elements exist? In
technology studies there is a tendency to treaakand technical elements of socio-
technical systems as similar; they are seen atasinodes in a seamless web or an
actor-network (cfr. Hughes, 1987, Bijker & Law, 29%atour, 1993). From a

philosophical point of view, such conceptualisasiane unsatisfactory and hinder
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rather than further a useful conceptualisationrandelling of socio-technical systems,

as we will explain in the final section.

6. Discussion: modelling socio-technical systems

Our starting point was that anything has to beuided in the engineering system that is
necessary for performing its function and thatgeroto design. The previous analysis
has shown that this implies that agents and samalomic, legal, etc. institutions have
to be included within the engineering syst€ms far as agents are concerned, we have
distinguished between two different roles. In tinst fplace, they may have a particular
sub-function to perform with regard to technicaégacts within the system.

Concerning this sub-function they are in princi@placeable by other, presumably
engineered hardware systems. In this role, agéotdd certainly be considered as
parts of the overall engineering system. Seconeht@gare constitutive for any system
as a technical artefact, in ascribing a functioit &md in using it, or part of it, to

achieve some goal. In this role, it makes littlesseto consider them as elements of the
system; they are not replaceable by engineeredvaaed Here agents play a role that is
conceptually necessary, but they do not perforrtasespecific sub-functions within

the system necessary for the functioning of théesysis a whole.

191t may be questioned whether agents as such aretopdesign; their behaviour, however, may be said
to be open to redesign through, for example, tngini
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Apart from these two roles, agents may be involvet technical artefacts and
engineering systems in still two other ways. Agefresv up and work out the
specifications of a technical artefact or enginggsystem, either as designers or as
those that specify norms for designers to work wAiain, in this role, it makes just as
little sense to think of replacing agents by engied hardware as in the previous case,
and it seems therefore that they are not to béetless part of the system. This is
completely in line with traditional engineering ptiae in which agents in this role are,
more or less by definition, considered not to be phathe technical artefacts under
consideration. But a fourth role of agents withamelto engineering systems should be
distinguished, and it is this role that marks aislee break with traditional engineering
practice. Agents within the system, who perfornula-ginction, may change or
redesign the system ‘from within’. In other wortise (re)design of the system no
longer takes place from a central point outsidesirstem, as it is the case in traditional
engineering, but becomes decentralized. This imm@ortant aspect of socio-technical
systems and should be taken into account. Thutetling socio-technical systems,
certain agents have to be included within the systéth a double role, as performers
of sub-functions and as (re)designers of the sys@oourse in practice, things are not
S0 neat as this fourfold role model suggests. Agyeiit often be involved in several

roles at once.

The behaviour of these agents is partly governedil®g and regulations, i.e. social
institutions, and in so far these as rules andlatigns are implemented specifically to
guarantee the functioning of the system as a wthel¢ may be taken to be part of the

system. But these rules and regulations come inwasorts: rules that are either
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intended to govern the behaviour of agents diremtliydirectly by being translated into
hardware by designers, rules that direct the waysusiake use of the system, and rules
that govern the functional behaviour of human sstesys. Thus, various kinds of

social institutions may be part of the overall syst

On the basis of the foregoing, it is possible &iidguish categorically different
elements — non-intentional and intentional elementtgect-like and rule-like elements
— within socio-technical systems, testifying toitheuly hybrid character. This poses
numerous challenges to the modelling of such systé@ime modelling of the hardware
components of socio-technical systems does nardiiindamentally from the way
they are modelled in stand-alone artefacts, ireutjh law-like and functional relations
governing their material components. For humanractm the other hand, no unified
approach exists. Roughly two major approaches eatigtinguished. One describes
agents as governed by behavioural dispositiomgydred by circumstances, contexts,
roles, and so forth. The other sees agents agjauteording to a single fundamental
disposition; to act so as to choose at each mofrmntall available options the one
that seems the best in terms of expected outcoheefoFmer is a dominant approach in
sociology and social psychology; the latter hagtaal monopoly in economics but has
been gaining ground in other social sciences. Butthe purpose of explaining and
understanding the functioning of socio-technicattegns as for the purpose of
designing such systems, ways to model the relabenhseen the different elements of
the system, notably the hardware components anduiman agents in their various

roles, have to be found.
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Let us close with a critical note on our ‘functibapproach’ to the demarcation
problem of engineering systems. We have taken astatting point that anything has
to be included within the boundaries of an engimgesystem that is both open to
design and necessary for performing its intendedtfan. But this approach has its
limitations. As long as the function (or functioms)the system under consideration is
(are) well defined, this approach may work. Dowthatbottom of the hierarchy of
engineering systems (at the level of componensinaple technical artefacts) this is
usually the case, but higher up in the hierarcig/ltiecomes questionable. What is the
function of an airport or a civil aviation system®es the idea of proper use of an
airport or civil aviation system make sense at Atlthe level of socio-technical
systems many stakeholders may be involved, eaalhich has its own vision on the
function of the system. Generally speaking, nonthege stakeholders is in a position
to impose its definition of the function of the s on all the others. So the idea that
this kind of system can be designed, made andaltedrfrom some central view tifie
function of the system has to be given up. Thisfoeces the point made above about
the system being changed from within. Many actatkin the socio-technical system
are continuously changing (re-designing) the systdms, probably, is one of the most
significant differences between traditional engnmagdesign practices and the ‘design’
and development of socio-technical systems: s@tbstical systems, in so far as the
notion of (re)design is applicable to these systatal, are not only (re)designed from
a vantage point outside these systems, wherefthaitions are defined once and for

all, but also from the inside, which makes the idedotal design control’ problematic.
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