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 Editorial: CEPHAD 2010 in retrospect 

 Per Galle // Editor of Copenhagen Working Papers of Design // Director of CEPHAD 

 

CEPHAD 2010 – The borderland between philosophy and design research 

The CEPHAD 2010 conference in Copenhagen (hosted by the Danish Design School, 

January 26
th

 through January 29
th

, 2010) was designed to stimulate the flow of ideas 

between research in philosophy and research in design. In retrospect, and judging from the 

many positive comments from participants, it would seem to have achieved its end. 

Furthermore, I hope that many lasting personal and institutional contacts will grow from the 

conference as a long-term effect. 

CEPHAD 2010 documentation 

This previous issue of Copenhagen Working Papers of Design (2010, no. 1), which was 

published prior to the conference, featured the material accepted for presentation at regular 

table sessions and master class sessions. 

 

The present (post-conference) issue (2010, no. 2) constitutes a permanent record of the 

material presented by invited speakers at the plenary sessions of CEPHAD 2010 (arranged 

alphabetically by author name). Some of them have subsequently expanded their material 

into full self-contained papers, or supplemented it by slides. Furthermore, a supplements 

section contains other relevant material that was provided after the conference: Especially 

for this issue, Greg Bamford wrote a full version of one of the extended abstracts he 

presented at a regular table session. A revised and extended version of Ilse Oosterlaken’s 

presentation item for the master class session is also included, because her power point 

slides had been omitted from the original version (due to a mistake on our part).  

 

On behalf of CEPHAD, I would like to express my gratitude for all of this valuable material 

and the authors’ cooperation. 

 

Further information on the conference is available at the web site, including video recordings 

of the invited speakers’ presentations and the subsequent discussions with the audience: 

http://www.dkds.dk/Forskning/Projekter/CEPHAD/events/Cephad2010. 

CEPHAD 2010 organization 

• Sponsor: The Danish Centre for Design Research, whose support is gratefully 

acknowledged.  

• Hosts: Centre for Philosophy and Design (CEPHAD) & The Danish Design School.  

• Conference organizers: Per Galle (Director of CEPHAD), Anne-Louise Sommer (Rector, 

formerly Head of Research, The Danish Design School; member of the CEPHAD 

Advisory Board), Nina Lynge (Research Secretary, The Danish Design School), Troels 

Degn Johansson (Head of Research, The Danish Design School), and Helle Hove 

(Research Assistant, The Danish Design School). 
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• Web editor: Kristian Rise (Head of Communication, The Danish Design School). 

• Video recording and editing: Kræsten Kusk. 

• Master class organizer: Carsten Friberg (Aarhus School of Architecture), in 

collaboration with Greg Bamford (member of the CEPHAD Advisory Board).  

• Evaluation and selection committee for master class sessions: Carsten Friberg and 

Greg Bamford. 

• Evaluation and selection committee for regular table sessions: Greg Bamford and Per 

Galle. 
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 From Function to Structure in Engineering Design1 

 
 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
th

 – 29
th

, 2010 // Plenary session 

Louis Bucciarelli // Professor of Engineering & Technology Studies, Emeritus // MIT School 

of Engineering // llbjr(at)mit.edu 

1 

Introduction 

I consider the question raised by Peter Kroes regarding the concepts of function and 

structure as they relate to engineers designing. In “Engineering Design and the Empirical 

Turn in the Philosophy of Technology“
2
, Kroes describes the challenge facing participants in 

the design of the new as that of bridging the divide between function and structure, as 

moving from a statement of functional requirements to the definition of (physical) structure - 

the latter, in large part, taking the form of design drawings, parts-lists, user manuals, and the 

like. I quote: 

 

 Insofar as it is a physical object, a technological object can be described in terms of 

its physical (structural) properties and behavior....The structural mode of description 

...is free of any reference to the function of the object.  ...Physics has no place for 

functions, goals, intentions. 

 

 With regard to its function, a technological object is described in an intentional 

(teleological) way...Purely functional descriptions of an object have, from a structural 

point of view, a black-box character in the sense that they do not specify any physical 

properties of the object. 

 

 “... a fundamental problem. ...engineers are somehow able to bridge the gap between 

a structural and a functional description of a technological object: A function - which 

is described in an intentional language - is explained in terms of a structure, which is 

described in a non-intentional, structural language. How is this possible?
3
 

 

My purpose is to flesh out this picture of the engineering design task, showing how, while 

definition of the “material structure” of the parts is the final endpoint, the translation from a 

statement of functional requirements of the whole to this final state is made via the positing 

and manipulation of abstract “formal structures”, theoretical models of the behavior of the 

parts - individually and joined together - to meet specified (sub)functions. 

 

                                                             
1
 Based on a talk given at CEPHAD 2010. The author thanks Peter Kroes and Wybo 

Houkes for their helpful comments on an earlier draft of this paper. 
2
 The Empirical Turn in the Philosophy of Technology, P. Kroes & A. Meijers, (eds.) 

JAI, 20009. 
3
 Ibid, p. 29. 
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The notion of “structure”, then, is best understood as of two sorts: There is “material 

structure” as the definition of the concrete material parts of the object of design - the detailed 

description of what Polanyi referred to as the “physico-chemical topography” of the artifact 

(technological object)
4
 but there is structure again in a formal sense - as abstract, 

engineering models and representations of the parts of the design (object- worlds here). It is 

this latter “formal structure” of the parts and their place in a hierarchy of wholes that 

participants in design work to define (in full, i.e., all relevant parameters specified), given the 

stated functional requirements of the parts of the whole. 

An Example – The Resistor 

Consider an element used in electronic circuits - that referred to, labeled as, a “resistor”. 

What is its material structure? What is its formal structure? 

 

Figure 1. A Resistor. 

 

 

The picture in figure 1 shows a resistor, one type among many. Its material structure is 

described by means of a list of ingredients - e.g., copper, ceramic, carbon, paint - and the 

geometry of these materials as defined in the instructions and drawings one would give to 

the manufacturing department to produce the device. All that is its material structure
5
. 

 

Figure 2. Resistor – Formally. 

 

 

Its formal structure (figure 2) is described by its behavior in accord with electrical circuit 

theory. In a circuit, the voltage drop or difference across the two ends, V, is proportional to 

the current, I, passing thru the device. The constant of proportionality, R, is the resistance.   

The equation shown at the top is the mathematical representation of the behavior of the 

resistor. The wiggly line drawing is how it would appear in a circuit diagram as drawn by an 

engineer (in the US). For a given voltage difference across the device, the bigger the 

resistance, the smaller the current. One can say that the device “resists” the flow of current. 

                                                             
4
 Cited in Kroes (ibid). 

5
 Should we include the “properties” of the resistor in the definition of its material 

structure? For example, the device shown is a “5% resistor”. This means that when 

you purchase a particular resistor with this stated property value, its actual resistance 

will, almost certainly, fall  between 95 kohms and 105 kohms. (Is this a property of 

this particular device alone?) There are other properties that may be important in 

application -e.g., the parameter whose value tells you how the resistance changes 

with temperature, or its power rating from which one can deduce a value for the 

maximum, allowable current. 
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If the voltage is measured in volts and the current in amps, then the resistance has the units 

of ohms. This description of formal structure makes sense only within the framework of 

circuit theory, e.g., Kirchoff’s laws. 

 

Here, then, is the abstract, formal structure of a resistor. The equation describes its 

essence. A structural description of the device omitting this relationship is deficient. Without 

this picture of formal structure, the device looses its identity. It becomes indistinguishable 

from a pebble picked up on a beach, a mere trinket. 

 

Devices with this formal structure, may exhibit different material structures, e.g., there are 

carbon composition resistors made of a mixture of carbon powder and a ceramic; carbon 

film resistors; metal film; and wire wound resistors.
6
 For any particular type, the geometry of 

the material ingredients can be configured to give different values for the resistance, R. And 

there are “variable resistors” where the device provides a means for changing the value of 

the resistance, R. 

 

I must say something about function. I find myself sliding in this direction. For it seems a 

short step from stating “the voltage drop across a resistor is equal to the product of the 

current flowing thru the device and the resistance” to the statement “the function (purpose) 

of the device is to produce a voltage drop when a current flows through it”. Indeed, does not 

this expression of formal structure define the function of a resistor? 

 

No. 

 

The reason is because a device, categorized by this formal structure, can fulfill different 

functions, can be used for different purposes. The function of a resistor depends on how it is 

used, on context of use, on a use plan. For example, a resistive element may be used to 

obtain a specified voltage at a specified point in an electrical circuit. It may be used to obtain 

a specified current through a particular branch of an electrical circuit. It may be used as a 

heating element, to produce a specified power. 

 

Note that in this last instance, to fully specify the element’s formal structure, we must 

supplement the defining relationship between current and voltage with a derived equation 

expressing the power dissipated by the resistive element, namely P = I
2
R. This is as much a 

part of the formal structure of a resistor - all resistors dissipate power - as the relationship 

between current and voltage
7
. 

 

A resistor may be used to measure temperature - a thermistor’s material structure is made 

such that the resistance, R, of the device varies significantly, measurably with temperature. 

In this instance, to fully specify the element’s formal structure, we must supplement the 

defining relationship between current and voltage with an empirical expression for how the 

resistance varies with temperature. 

 

                                                             
6
 http://en.wikipedia.org/wiki/Resistor 

7
 The power dissipated by a resistor must also be taken into account in choosing a 

resistor for use in a circuit. From the power rating, you can compute a maximum 

allowable current through the device.  
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Figure 3. Strain Gage. 

 

 

A resistive element may be used to measure small, relative displacements - a strain gage’s 

material structure is made such that the resistance between two points changes 

significantly, measurably, when the distance between the two points change (figure 3)
8
. In 

this case, to fully specify the element’s formal structure, we must supplement the defining 

relationship between current and voltage with a (more “fundamental” in a sense) relationship 

which describes how changes in the value of the resistance depend on changes in the 

cross-sectional area and the length of the resistive material - or accept the manufacturer’s 

characterization, one which directly relates the relative displacement, or strain, to the 

change in resistance.  

 

We see then, that in some sense, the definition of the formal structure of a part, in this case 

an electronic device, is more “fundamental” vis a vis whatever particular function the device 

may be used for and whatever particular material structure of which it may consist. 

 

Formal structures of parts, parts together as wholes, are fundamental in the thinking of 

engineers as they design. Given the prescribed function of a part, parts together as a whole, 

or the whole in itself, engineers posit formal structures, abstract representations, e.g., 

“models”, that might meet their intended purpose, to function accordingly. These are 

embellished, fitted out with particular values of essential parameters, e.g., the value of the 

resistance, R, creatively con-joined with other parts, yielding a (tentative) picture of a part of 

the whole. In the “background” sits an infrastructure of parts of real material structures and 

means for their assembly, testing, production. But formal structures are foremost in the 

conjuring up links between functions and material structures. 

 

To justify this claim, I construct a picture of a design process in which work with formal 

structures is foregrounded. I will use a scenario to frame and illustrate my thesis. 

A Design Scenario  

I will consider an object-world task of an electronics engineer participating in the design of a 

“smart meter” for a single-family residence. Figure 4 suggests what the “parts” of this 

system/product might consist of viewed from a high level. 

 

                                                             
8
 In the figure, the double arrow indicates the active portion of the metal foil gage. The 

active length of the foil loops is 26 times the length of this arrow. As this length 

increases, the resistance of the device increases proportionally. 
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Figure 4. A Smart Meter. 

 

 

I will not say much about the design task in the large but simply assume it has been taken 

on by a private, say medium size, firm. Nor will I say much about the intended “function” of 

the system at this high level; my focus will be on the relationship of function to structure at a 

lower, electronic, object-world level. (Deep down within the box labeled Load Measurement).  

 

It suffices to say that the function of the system could be conceived and/or set in different 

ways, e.g., defined as providing the home-owner with sufficient information (real time 

energy/power consumption) enabling him or her to judiciously manage his or her demand in 

order to lower a monthly electric bill. In this case the utility’s role might be minimal (erase the 

arrow from right to left) and appliance control left up to the home owner (erase both arrows).  

 

A more complex system would include active monitoring and control of appliances. Add the 

possible active control of loads by the utility at times of peak demand and the system 

becomes still more complex. The function of the system might then be described quite 

differently; indeed, one might eliminate the display altogether and leave the home owner out 

of the picture. (Some will claim that “after all, she doesn’t  want to be bothered; an ill-

informed user is likely to screw up the system, so make it “idiot proof”
9
) The primary function 

in this case would be to provide a means for the utility to reduce demand at times of peak 

load via active control of residential consumption. This, in turn, puts the boundary around 

design further afield - i.e., around a collection of households on the grid. 

 

The definition of function of the whole at this high level would require consideration, if not 

negotiation, of the interests of the different “stakeholders” - the utility, the home owner, 

appliance makers, product managers, legal staff within the firm. But this social/political/ 

phase of the design process is not my focus. 

 

Likewise I am not going to say much about the negotiation across object worlds among 

participants in the design process once the system function of the whole has been fixed -  

how participants structure the design task, reduce the overall whole into more or less 

independent parts and set interface conditions; establish a schedule including milestones; 

allocate resources including personnel. Nor about how they, at various stages in the process 

meet to articulate their proposals and plans, decide on next steps, make revisions, decide to 

eliminate some functions, enhance others, then return to their object worlds to work out next 

steps and meet obligations agreed to. 

                                                             
9
 Bucciarelli, L. “Is Idiot Proof Safe Enough”, Ethics And Risk Management In 

Engineering, (ed. A. Flores), University Press of America, Lanham, MD, 1989, pp. 

201-209. 
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Object World Function & Structures 

It suffices, for the purpose of my object world scenario, to say that the electronics engineer 

is just one of a team. Other team members would include an engineer responsible for design 

of the software, another with experience in the design of power distribution systems, a 

person from the marketing department, an engineer/ethnographer who has responsibility for 

the user interface, a manufacturing engineer, even a person from the legal department 

concerned with privacy issues and whatever contractual agreements the home owner might 

enter into with the electric utility. Our electronic engineer’s responsibility is for designing the 

load measurement subsystem (or part). There may be other electronic engineers engaged in 

the project, for example, another whose responsibility is to work up the means for monitoring 

and control of all appliances in the residence but I will focus only on the load management 

bit. 

 

Figure 5. Load Measurement. 

 

 

This part, in itself, might be broken down into three parts (figure 5) – the block on the left 

with the function to measure the power flowing from the utility lines into (and out of)
10

 the 

home. Output of this part is input to another, the block labeled “Signal Conditioning” where 

the time varying, voltage signals are amplified, possibly shifted, then passed along to the 

third part where the analogue signals are sampled and converted into digital (time varying) 

levels. Further steps in this sequence shifts attention to the design of software for the 

manipulation of the digital data to produce a measure of power in a form for display and 

information exchange with the utility. 

 

The function of the signal conditioning (“black box”) takes analogue measures of the main 

feeder line currents and voltages as input and produces, as output, amplified values of these 

measures. The material structure that meets this functional requirement is shown at the left 

in figure 6. It occupies a well defined region of a printed circuit board. The formal structure, 

which defines the elements of the material structure and the circuit topology, is shown at the 

right. It includes two operational amplifiers (op-amp), (fulfilling two different functions), 

several capacitors, as well as our old friend, the resistor. The resistors act, in this instance 

con-joined with the op-amp on the right, to produce the desired ratio of the output voltage to 

                                                             
10

 I’ve thrown a photovoltaic system onto the roof to make the design task still more 

complex. The home owner can reap a substantial benefit selling energy back to the 

utility if, as in France, the sell-back rate is significantly greater than the buy rate. But 

again, I am not going to enlarge and enrich my narrative to include deliberations 

about, nor the technical definition of, this feature of the system. 
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the input voltage, to amplify the signal as desired, as in the use plan. That is their function in 

this context. The equation below right (together with the circuit diagram) defines the formal 

structure of the signal conditioning part. 

 

Figure 6. Signal Conditioning Structures. 

 

 

The positing and elaboration of this formal structure by the electronics engineer requires she 

know about its parts - know about the formal (and material) structure of resistors, capacitors, 

operational amplifiers - and how these devices (ideally) behave in accord with established 

principles of electronics, e.g., Ohm’s law V = IR; Kirchoff’s laws, and the like. This 

knowledge (and know how) enables her to draw a picture of a whole that will fulfill the 

specified signal conditioning function in terms of the parts appropriately joined. It enables too 

the derivation of the equation shown.  

The operational amplifier 

I want to take this analysis down to a next level, to consider both the material and formal 

structure of the op-amp repeating what we did for the resistor. (We could do the same for 

the capacitor but will not). What must the engineer know about the op-amp in order to 

construct, design an effective signal conditioning whole from these parts? 

 

Figure 7. An Op-amp. 

 

The picture in figure 7 shows an op-amp, one type among many. Its material structure is 

described by means of a list of ingredients - e.g., metals, ceramic, silicon- the geometry of 

these materials, and I would include the description of the methods used to manufacture the 

bits, assemble them into a whole. All that is its material structure. 
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Figure 8. Op-amp Formally. 

 

 

Its formal structure is defined by the abstract, circuit diagram in figure 8 and two statements, 

two “golden rules”:
11

 

 

I. The output attempts to do whatever is necessary to make the voltage difference 

between the inputs zero. 

II. The inputs draw no current. 

 

These two rules describing the behavior of the device provide sufficient means to derive the 

equation shown bottom right in figure 6. 

 

Here, then, is the abstract, formal structure of an op-amp. The rules and the diagram 

together describe its essence. A structural description of the device omitting these rules and 

the diagram is deficient. Without this picture of formal structure, the device looses its 

identity. It becomes indistinguishable from a pebble picked up on a beach, a mere trinket 

with legs. 

 

Devices with this formal structure, may exhibit different material structures. As in the case of 

the resistor, an op-amp can do different things, function differently according to the 

designer’s purpose. In this scenario, the op-amp on the left in the circuit diagram, figure 6, is 

a “buffer”. It does not amplify. It is there to insure that the act of signal conditioning does not 

adversely affect the measurement of the line currents and voltages. The op-amp on the right 

does amplify. 

 

Figure 9 pulls together the material and formal structure of an operational amplifier. The box 

at the top shows just one possible function of the device - to amplify the output of the 

sensors that measure the house current and voltage, analogue signals. 

 

With this knowledge and schooled in circuit theory, the engineer can devise, design, a circuit 

that will behave as she intends. The signal conditioning circuit shown in figure 6 is one such 

candidate. She still must “size” the elements of this formal structure, picking values for the 

resistances, for the capacitors, and decide what particular op-amp (among 1000 in the 

catalogue or on the shelf down in the lab) will best fulfill her purpose.  

 

                                                             
11

 Horowitz & Hill: Horowitz, Paul and Hill, Winfred,The Art of Electronics, Cambridge 

University Press, 1980. 
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Figure 9. Op-amp Structures. 

 

 

With a full structural definition in hand - both formal and material - testing, integration, 

negotiation, revision, iteration can proceed. She may travel to the top and down again. So it 

goes.
12

 

“Explanations come to an end somewhere”
13

 

While our electronics engineer may very well stop here at this level of detail and 

understanding, the reader might wonder about this business of “golden rules” and so simple 

a representation of the material form of an operational amplifier. One might wonder where 

these golden rules come from, how one can get away with so “superficial” a model of an op-

amp’s behavior. We can, of course, go deeper. 

 

Figure 10 shows what’s “inside” or lower down - both in terms of material structure and 

formal structure. 

 

On the left we see some (very few) of the details of the material structure, indicating how 

connections between the chip in the middle and the legs of the device are made. Little 

definition of the material structure of the chip itself is made evident. 

 

The circuit diagram on the right shows the formal structure. A fuller description of this formal 

structure requires a definition of the behavior of its parts - p-type and n-type transistors, 

zener diodes, as well as resistors and capacitors. 

 

                                                             
12

 My giving scant attention to the full scope of the design process should not lead the 

reader to conclude that object-world work is the most important part of designing. 

While necessary, it is never sufficient. 
13

 Wittgenstein, Philosophical Investigations, Paragraph I. 
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Figure 10. Op-amp Deep Structures. 

 

 

Ordinarily our electronics engineer need not go this far. If something fails to behave in 

accord with the golden rules, or the particular device she has in hand melts down or fails in 

other ways, then she might be driven to look inside, or at least do a closer reading of the op-

amp’s “spec sheet”. Engineering education in electronics includes learning about the 

function and structure of transistors et al. She would be expected to be able to “read” this 

more detailed formal representation and know something about its material embodiment at 

this deeper level. But ordinarily, if her design of this part functions as planned, she need not 

go this far. 

 

It’s like there is both an abstraction barrier and a material barrier in place at this level of 

design. I borrow the term “barrier” from computer science where the term refers to the 

setting of boundaries around blocks of code sitting within another, encompassing piece of 

code, in order to ease the design (and use) of the complex, encompassing system. An 

implementer, implements the code. Clients, with many different application needs, functional 

aspirations, make use of the block without knowing all the details. The idea is that with the 

separation of what others, responsible for their bits of code, need to know about the 

implemeter’s code, the design of the complex system eases. The parts others must know is 

the abstraction. What goes on within, behind the abstraction barrier is wholly of the 

impelmenter’s doing. Clients need not know the details hidden away or be aware of the 

code’s complexity or cleverness. The abstraction barrier protects the implementation from 

damage. And the implementation can be changed by its author at will (as long as the 

interface remains the same). 

 

So it is in the design of the signal conditioning part of the whole. The electronic’s engineer 

need not, should not, dig deeper, below the abstraction barriers (material and formal) 

without good reason. This is the end of the line. Explanations come to an end somewhere. 

Observations 

Several observations are in order concerning - the knowledge community with whom we are 

concerned; reflections on engineering education; and the notion of “cookbook engineering”. 
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Function And Structures Within Object-worlds 

In my explanation of formal and material structures and their relationship to function of a 

part, whole, or system, I presume a language/knowledge community schooled in a particular 

paradigm and at home in an object-world - in this case electronics. All members of this 

community will know the essence of a resistor, the formal, abstract structure I have 

described. A member may not be aware of all the ways a resistor might be put to use nor all 

possible material embodiments - just as a speaker of English who knows the essence of an 

adjective may not know all words classified as such (material embodiments) nor all the ways 

an adjective can be put to rhetorical or poetic purpose (function). I bracket my argument with 

this constraint in order to ward off “outside the box” questions about resistors functioning as 

trinkets, earrings, or cork screws.  

Values, Functions and Structures – with an eye toward engineering education 

It is formal structure, the abstract representation of objects, artifacts, “laws” and methods - of 

parts and wholes - that commands the high ground in engineering education. Within any 

paradigmatic, engineering science - and throughout the curriculum in fact - the focus is 

almost wholly on the abstract concepts, principles and methods of the domain and their 

elaboration via application to exemplary exercises. This is why engineering education (and 

some say engineering itself) can be claimed to be “value free”. Focusing solely on formal, 

abstract structures avoids any need to speak of values. Evaluative judgments about a 

device, e.g., this a “good” resistor., are irrelevant if we confine our talk in this way. Only 

when we speak of the ‘function’ of technical artefacts do such statements have meaning.
14

 

 

A description of function of a part, e.g.,a resistor, requires more than a knowledge of its 

essence and this necessarily brings into focus a context of use. But this context of use can 

be defined narrowly or broadly. In engineering education, the context of an exemplary 

exercise is drawn close-in, so narrowly that function seems to collapse, or dissolve, into the 

underlying, formal structure. The result: engineering education is seen as value free.
15

 

Cookbook Engineering  

I have described how there comes a point, a level, in object-world design work when further 

understanding of formal and material structures (of the parts of the part) is not necessary. 

Explanation comes to an end. One need only follow the (golden) rules, search the 

catalogue, order and assembles the parts, try and revise, cut and paste. Designing, in this 

way, may appear to be “cookbook engineering”. Engineering design does have this quality in 

part, but only in part, for there are many options to pursue at any level - different 

embellishment of a model, different component choices, different ways to join the parts into 

the whole required at the next level up
16

. Throw in the negotiation across object worlds, 

about which I have said nothing, and we move a long way from any recipe-driven process. 

                                                             
14

 See MacIntyre, Alasdair, After Virtue, Third Edition, Univ. of Notre Dame Press, 

2007, pp. 57-58. 
15

 See Bucciarelli, L., “Roots”, a section in Designing Engineers, MIT Press, 1994, p. 98 

ff. 
16

 See Vincenti,W.G., “The Scope for Social Impact in Engineering Outcomes: A 

Diagrammatic Aid to Analysis”, Social Studies of Science (SAGE, London, Newbury 

Park and New Delhi), Vol. 21 (1991), 761-67, for a brief synopsis of the nature and 

degrees of constraint in designing. 
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But there is nothing wrong with the “cookbook” part of the process.
17

 Indeed, one of the 

complaints made by seasoned members of a firm is that some new hires don’t know how to 

make use of the resources, the infrastructure, at their disposal. The neophyte has the urge 

to figure everything out on his or her own. Perhaps this is another consequence of the 

placing so much emphasis on formal structures, the engineering sciences, and not enough 

on design itself in engineering education. 

                                                             
17

 Joe Pitt provides a strong defense of this form of engineering knowledge and work in 

“What Engineers Know”, Techn-Research in Philosophy and Technology, Spring 

2001, vol. 5, n. 3. 
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In this working paper I suggest that design research should adopt or develop concepts of 

artefact function that explicitly include the non-technical (including, for example, social 

functions). This is important for two reasons related to disciplinarity: (i) there will be 

advantages to operating with a concept of function that is consistent with (or at least 

accounts for) those found in other academic disciplines (including, for example, 

philosophy, social theory, art theory and archaeology); (ii) there will be advantages to 

operating with a concept of function that is useful for different design disciplines 

(including, for example, engineering design, industrial design, graphic design and 

architecture). Satisfaction of the first point will aid communication across different 

academic disciplines, and satisfaction of the second point will aid communication across 

the different disciplines of design research and design practice. 

Artefacts 

My discussion of function in this paper will be limited to the function of artefacts, so let’s 

start with considering artefacts themselves. Hilpinen’s (2004) simple definition is adopted 

here: “An art[e]fact may be defined as an object that has been intentionally made or 

produced for a certain purpose”. This close relationship between the concepts of 

‘artefact’ and ‘purpose’ can be seen in much of the work that is concerned with artefacts 

or artificial things. For example, Losonsky (1990: 84) claims that artefacts have three 

features: (i) internal structure, (ii) purpose to which they are put, and (iii) manner in which 

they are used. Similarly, in examining artificial things, Simon (1996: 5) states that the 

fulfilment of a purpose or the adaptation to a goal involves a relation between: (i) the 

purpose or goal, (ii) the character of the artefact, and (iii) the environment in which the 

artefact performs. 

 

So, we have artefacts, which for simplicity we will restrict here to physical objects, even 

though this need not be the case (see Galle, 2008: 273). These artefacts have some 

structure (or character), they are used in a certain manner and they are put to certain 

purposes within certain environments. Nothing here suggests that artefacts need be 

used to achieve physical effects. For example, we might use a car with a certain form for 

the purpose of conveying social status by parking it outside our house. This is all 

consistent with the above concepts and terminology. However, when the term function is 

added to the concepts already discussed, the focus often turns to physical capacities 

and physical effects; this leads to a focus on technical artefacts and technical functions. 
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Different types of artefacts? 

Although definitions and concepts of artefacts can be quite broad, within much of the 

recent philosophical literature (especially that related to the ‘dual nature’ programme, 

see Kroes & Meijers, 2006), it is a more restricted class of artefacts that is typically 

considered: technical artefacts. Kroes and Meijers (2006: 1) provide a clear description 

of what is meant by this term: “Technical artefacts such as typewriters, hammers, 

copying machines or computers are different from social artefacts such as laws or 

money in that the realization of their function crucially depends on their physical 

structure.” This distinction between technical artefacts and non-technical artefacts is 

perhaps intuitively appealing, because things like hammers typically seem to work in a 

different way to things like coins: the first functions by virtue of its physical capacities 

whilst the second functions by virtue of collective agreement. However, a tool collector 

(someone who collects practical tools for either their historic or aesthetic value) might 

present a hammer in such a way that it performs a function (for the collector) that does 

not only depend on the hammer’s physical structure. Conversely, someone lacking a 

collection of tools and without access to a screwdriver might use a coin to tighten a 

screw. As such, artefact type does not determine artefact use and therefore in this paper 

I shall consider distinctions between types of function rather than distinctions between 

types of artefact. 

 

Now, displaying a hammer for its aesthetic qualities and using a coin to drive in screws 

would perhaps be regarded (in most communities) as non-standard uses of these 

artefacts. But, if we think about more complex and multi-functional artefacts such as 

cars, then distinguishing between function kinds rather than artefact kinds becomes 

more important. For example, if we consider the way in which a police car might be 

required to move quickly to the scene of some incident, this single requirement is fulfilled 

jointly by virtue of the car’s physical capacities and also by virtue of collective 

agreement. Physically, the car must attain and maintain the necessary speeds by virtue 

of its transmission system, and collectively it is understood that the display of flashing 

lights indicates that the vehicle is serving some emergency and should be given priority. 

If both the car’s transmission and its flashing lights contribute to the car’s capacity to do 

what it is for we might be interested in considering both of these features as contributing 

to the function of the car. 

Function 

Many different definitions of function can be found in the design literature (for collections 

see (Warell, 1999; Chandrasekaran, 2005; Erden et al., 2008; Mital et al., 2008: Ch 9; 

Maier & Fadel, 2009). I do not intend to analyse all these definitions here, but an 

excellent analysis of the different concepts of function that predominate have been 

provided by Chandrasekaran and Josephson (2000) and Vermaas (2009). In particular, 

Vermaas notes that two popular concepts of function (function-as-desired-behaviour and 

function-as-desired-effect) both relate to the role that an artefact should play in an 

environment for an agent when the agent is using the device (p118). Again, there is still 

no explicit requirement that artefacts need be used to achieve physical effects. If our car 

performs a social role (for us in our environment) and if this is how we use the car then 

that would seem to be a function that the car performs. 

 

The above reading of function, is consistent with many definitions that we can find in the 

design literature. For example, (Papanek, 1972: 5) claimed that “The mode of action by 
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which a design fulfills its purpose is its function”, and he explicitly considers functions to 

include ‘aesthetics’ and ‘association’. However, transformative notions of function would 

be more problematic here, and so when (Pahl & Beitz, 1977/1996: 31) describe function 

as “the general input/output relationship of a system whose purpose is to perform a 

task”, it is difficult to imagine what kind of input/output relationship should be considered 

for social functions. Even if some such relationship could be suggested, at the very least 

the language seems inappropriate and unhelpful for such a task. The Pahl and Beitz 

definition seems particularly restricted (or well suited) to describing certain physical 

functions, but in practice even those definitions that are not so restricted are often tested 

and applied in a restricted manner. An implicit emphasis on physical functions is typically 

found in the literature, but to examine this in detail it pays to examine a definition of 

function that is explicitly physical, i.e., a definition of technical functions. 

Technical functions 

Although many definitions of functions are available in the design literature, it is in the 

philosophy literature that we see the most earnest attempts to clarify what functions are. 

Early work in the philosophy of biology laid some of the foundations for this (Wright, 

1973; Cummins, 1975), and later work has sought to extend and refine such work further 

(e.g. see Krohs and Kroes, 2009). Definitions of function developed to account for 

organisms have influenced those meant to account for artefacts, and this in turn has 

influenced definitions of function that have centred on design. 

 

A good example of a definition of function in the design literature that was influenced by 

philosophy is Vermaas and Dorst’s (2007) work on Gero and colleagues’ concept of 

function (and behaviour and structure). First, they suggest that there are benefits to be 

had from adopting or developing a concept of function that is consistent with other 

disciplines (Vermaas & Dorst, 2007: 144, 147; but also see Houkes et al., 2002: 303; 

Galle, 2009: 324). Then, appealing to the work of Cummins (1975) and Searle (1995) 

they propose the following definition of function: “Those physical dispositions of an 

artefact that contribute to the purposes for which the artefact is designed” (Vermaas & 

Dorst, 2007: 147). I agree that there are benefits to be had from adopting or developing 

a concept of function that is consistent with other disciplines, but I believe that there are 

a number of disciplines with which Vermaas and Dorst’s proposed definition is 

inconsistent. I focus on their definition below because (i) it represents a rigorous attempt 

to define function for design, and (ii) it is a definition that is already influential (see Galle, 

2009). In other words, it is the quality of Vermaas and Dorst’s work, both in terms of 

approach and results, that motivates the attention that I give it here. 

 

Vermaas and Dorst’s definition refers to an artefact’s physical dispositions, and the 

contributions that these make. The word physical does not need any explanation here, 

but by dispositions Vermaas and Dorst refer to the way in which artefacts physically 

react to given physical circumstances. Dispositions are often helpfully explained by 

examples such as ‘solubility’, and in this sense, dispositions are like properties. This 

might be appropriate for much of engineering design, where there is often a primary 

concern for the physical effects that artefacts have and a concern for the physical means 

by which those effects are achieved. However, there other design disciplines that might, 

in addition or otherwise, be concerned with the non-physical effects that an artefact has 

and the non-physical means by which these are achieved. For example, car stylists 

might be concerned with the psychological effect that a vehicle’s outer form has on those 
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who observe it; such an effect would not normally be said to result from the vehicle’s 

physical dispositions. 

Non-technical functions 

The presence of dispositions in Vermaas and Dorst’s definition originates with their 

reading of Cummins (1975). Cummins considers functions to be a subset of dispositions, 

where functions are dispositions that contribute to the capacity of a system within which 

the artefact is situated. However, if we look at Mumford’s (1998: 200-204) analysis of the 

relationship between functions and dispositions we find the claim that Cummins has it 

wrong. Mumford makes the opposite suggestion, saying that dispositions are a subset of 

functions and therefore that functions may be performed in the absence of dispositions. 

Examples offered include that the function of a flag is to add grandeur and that road 

signs perform the function of instructing or informing drivers. These are artefact functions 

that are determined by convention rather than disposition. So, whilst defining functions in 

relation to an artefact’s physical dispositions might make sense for some of the design 

activities that contribute to the production of some artefacts, it is not necessarily a helpful 

basis for defining artefact functions more generally. 

 

Whilst the presence of dispositions in Vermaas and Dorst’s definition originates with their 

reading of Cummins, their focus on the physical is additionally supported by their reading 

of Searle (1995). They claim that “for Searle functions are features that artefacts can 

perform in virtue of their physicochemical structure” (p 146). This is surprising because 

although Searle does acknowledge that artefacts can function by virtue of their physical 

capacities, he also emphasises that artefacts can function by virtue of collective 

agreement if those artefacts are assigned a certain status. For example, Searle 

distinguishes between a wall that physically prevents people from crossing a boundary, 

and a line of stones that might be used to mark such a boundary. If the line of stones 

encourage recognition of a boundary and if this prevents people crossing the boundary 

then those stones may achieve the same function as the wall even though that function 

is now achieved by virtue of the stones’ symbolic status rather than their physical 

capacities (Searle, 1995: 39-41). 

 

From the discussion above it would seem that Vermaas and Dorst’s definition of function 

does not correspond with Mumford’s analysis of dispositions, or a full reading of Searle’s 

notions of function. However, by explicitly restricting the concept of function to the 

physical, Vermaas and Dorst simply make apparent an implicit assumption or bias that is 

evident in much of the literature on function. In the philosophy and design literature, 

concepts of function are typically tested and illustrated with examples such as hearts 

and hammers rather than plumage and cars. In other words, it is the physical means by 

which organisms and artefacts achieve physical effects that is emphasised; issues of 

social signalling and interpretation are consequently neglected. In an effort to redress 

this imbalance I now discuss how concepts of non-technical functions have been treated 

in other disciplines. 

Other disciplines 

Vermaas and Dorst are clear in their assertion we should seek “conceptual unity 

between technology and … other domains in which the concept of functions is used … 

Design methodologists need not engineer their conceptual framework in isolation but 

can draw from work in other domains” (p144). I agree with this entirely, and now 
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consider the contributions made by some other disciplines in which the concept of 

functions is used. I first give a brief summary of Binford and Schiffer’s techno-, socio- 

and ideo-functions, a distinction that originates in archaeology. I then briefly consider 

Preston’s work in developing this distinction into a concept of function that is suited to 

the study of material culture. The purpose of this is to suggest that there are concepts of 

function outside those disciplines concerned with science and technology that are useful 

for aspects of design that are not only concerned with the physical or the technical. 

 

In exploring the contribution that archaeology could make to anthropology, Binford 

(1962: 219) distinguishes between three major functional subclasses of material culture: 

technomic artefacts that function with respect to the physical environment, socio-technic 

artefacts that function with respect to the social system, and ideo-technic artefacts that 

function with respect to the ideological components of a culture. Whilst Binford explicitly 

uses these terms as labels for different classes of artefact, Schiffer and colleagues adapt 

them to define three different categories of artefact function: techno-functions, socio-

functions and ideo-functions. By distinguishing between function types rather than 

artefact types, these different functions can all be assigned to any given artefact 

according to the context of use. For example, the techno-function of a chair is to support 

a seated person, but it may additionally have the socio-function of expressing social 

standing and have the further ideo-function of symbolising hierarchy within an 

organisation (Rathje and Schiffer, 1982: 65-67; Schiffer and Skibo, 1987: 596; Schiffer, 

1992: 10-12). Even artefacts that are ostensibly entirely technical may also perform 

socio- and ideo-functions. For example, automobiles, even from their first introduction, 

could be used to indicate a variety of social traits (Skibo and Schiffer, 2008: 118). 

 

Philosophers focussing on function theory have long concerned themselves with the task 

of distinguishing between the function that an artefact should serve, either by intention or 

selection, and the functions that it simply is capable of serving, whether by accident or 

otherwise (for classic arguments see Wright, 1973: 161; Cummins, 1975: 762). The term 

‘proper function’ was defined by Millikan (1984) to cover the former category, and the 

term ‘system function’ was defined by Preston (1998) to cover the latter (other terms, 

such as ‘accidental function’ are also used). According to this terminology, proper 

functions are those that explain the artefact’s existence on the basis of its selection 

history, whereas system functions are those determined by the presently exploited 

capacities of the artefact. In many (but not all) cases, proper functions will relate to the 

designers’ intended use of the artefact and system functions will relate to other uses to 

which the artefact is put in different contexts. 

 

Preston has adopted Binford and Schiffer’s techno-socio-ideo distinction and applied it to 

the study of function in material culture (Preston, 1998: 246-247; Preston, 2000: 29-30). 

In so doing, she overlays the concepts of proper function and system function, and 

thereby applies these terms to socio- and ideo-functions rather than just techno-

functions (as had previously been the case). Extending Schiffer’s functional analysis of 

the chair, Preston can then say that because thrones are reproduced in order to 

represent authority; that is one of their proper functions, a proper ideo-function. In 

contrast, if an ordinary chair is reproduced only to serve its basic techno-function but 

becomes the hereditary throne of rulers then representing authority would be a system 

function, a system ideo-function (Preston, 1998: 246; Preston, 2000: 30). 
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Binford, Schiffer and Preston’s work conceptualises function not just as a concept that 

can be defined, but as a set of concepts that can be categorised. Emphasis is given not 

just to functions that are performed by virtue of physical capacities and which have 

physical effects, but also to functions that are performed with respect to social and 

ideological systems. Furthermore, potentially unintended and unanticipated roles that the 

artefact performs (whether technically or otherwise) are considered in functional terms. 

Such concepts of function may well be of assistance to design theorists who are 

concerned with what artefacts are, how they work or how they’re used. As designers are 

increasingly working in multi-disciplinary teams and concerned with the systems and 

services within which products are embedded, then considering non-technical functions 

and their relationship to technical functions may become ever more important. If we are 

to follow Vermaas and Dorst’s suggestion that design should attend to existing concepts 

of function from other disciplines, then we should explicitly consider non-technical 

artefact functions. 

Discussion 

Many of the definitions of function that can be found in the design and philosophy 

literature do not explicitly exclude the possibility of non-technical functions. Furthermore, 

we can see from Binford, Schiffer and Preston’s work (and also that of Searle and 

Mumford), that there are existing concepts of function that explicitly refer to non-physical 

means and non-physical effects. The purpose of this paper is not to develop a full 

categorisation of these concepts, but merely to suggest that such work would be of 

value. Beyond those disciplines considered above, there are others that have also 

considered function in detail, and in particular, the concept of aesthetic functions in art 

theory (Stecker, 1994: 255; Zangwill 2001: 124-5) and latent functions in social theory 

(Merton, 1957: 51; Coser 1977: 271-272) deserve attention. If we attend to that work and 

more, then we would be better placed not just to understand what function is, but also 

what different kinds of function there are. 

 

If concepts of function can be developed that are consistent (or at least compatible) with 

those found in other academic disciplines concerned with interpretation then two 

potential benefits might result. Firstly, it would aid communication across the boundaries 

that separate disciplines such as design theory, philosophy, social theory, art theory and 

archaeology. This would not only permit design to benefit from prior work that has taken 

place in those other disciplines, but might also permit those other disciplines to benefit 

from the work that design research might do with the concept of function. Secondly, 

design research and design practice might be provided with a concept of function that is 

useful for different design disciplines, not just engineering. Allowing practices such as 

industrial design, graphic design and architecture to also be thought of in terms of 

function would aid communication across these different disciplines. In combination, 

these benefits would permit those who don’t normally think in terms of function to use 

that valuable concept to frame their work, and those who do normally think in terms of 

function to consider whether that concept applies more widely than is typically 

emphasised. 
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 Designing Worlds: Constructionist Strictures on 
Contemporary Scepticism 

 
 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
th

 – 29
th

, 2010 // Plenary session 

Søren Kjørup // Prof. of philosophy // Bergen National Academy of the Arts // sk(at)khib.no 

 

In his Ways of Wordmaking (1978) the constructivist philosopher Nelson Goodman only 

discusses ways in which we make or change worlds by describing or depicting or in 

other ways "conceptualizing" reality. He does not consider the ways in which designers 

make and change worlds by creating new devices or procedures. But obviously they do, 

and in my talk I shall discuss some ways in which constructivist philosophy can 

contribute to a heightened theoretical understanding of design practice, and how design 

practice can contribute to a heightened theoretical understanding of constructivist 

philosophy.  

 

One example will be how Arthur Danto's point (in his famous essay on "The Artworld", 

1964) about how each radically new work of art changes the whole of art history, also 

retrospectively, goes in an even more general way for each new product of design. 

Another will be how design practice reminds us all of the important Goodmannian point 

that "construction" does not mean "creating something out of nothing", but of handling 

what is already there through composition and decomposition, weighting, ordering, 

deletion and supplementation, deformation and the like. And the most important 

discussion will be how looking at philosophical constructivism through the eyes of design 

stresses the also Goodmannian point that – contrary to fashionable constructionist 

scepticism – constructivist thinking does not have to end up having trouble with the 

concept of truth.  
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 Creativity and rationality in design: enemies or brothers in 
arms? 

 
 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
th

 – 29
th

, 2010 // Plenary session 

Peter Kroes // Prof. of phil. of technology // TU Delft // P.A.Kroes(at)tudelft.nl 

Abstract 

On the one hand, designing (solving design problems) is considered to be a creative 

process. Just copying an already existing design is not designing at all, let alone that it 

qualifies as creative designing. Novelty matters in creative design; it is a desirable feature. 

Creativity in design is often associated with inspiration, flashes of insight, mystery and 

miracles, that is, phenomena that are rationally ‘impenetrable’. 

 

On the other hand, designing (solving design problems) may be assessed from a rational 

point of view. Design decisions are not (and ought not to be) taken at random but on the 

basis of evaluating the various options available against design requirements. This means 

that design decisions may be rationally justified up to a certain extent. Just as creativity, 

rationality is a desirable feature of a design process. 

 

This raises the question whether creativity and rationality can go hand in hand or not in 

designing? Is there an inherent tension between creativity and rationality in design? Are they 

enemies or brothers in arms? 

 

In order to address this issue I will first pause briefly on the meanings of the three main 

concepts (designing, creativity and rationality). With regard to creativity I will distinguish, 

following Briskman, between creativity of a product, a process and a person and give logical 

priority to the notion of a creative product. 

 

Next I will examine what may be called a ‘Popperian model’ of the role of creativity and 

rationality in designing. In analogy to Popper’s idea that rationality in science pertains only to 

the context of justification, and not to the context of discovery, it may be maintained that 

rationality plays a role in the context of justifying a design (design decisions), whereas 

creativity plays its role in the context of inventing new designs. In this model creativity and 

rationality are rendered compatible in designing by locating them in different contexts. A 

problem with this model is that it locates rationality primarily in the process of selecting the 

best one from a set of given design options and creativity in the process of inventing new 

design options. In other words, this model leaves no room for attributing a role to rationality 

in the process of getting these design options on the table. In my opinion such a model 

cannot do justice to the role of rationality in designing. I will argue that any acceptable model 

of rationality in designing will have to attribute a role to rationality not only in selecting the 

best one from a given set of design options, but also in the creative generation of new 

design options. 
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[Text in illustrations:  

(1) ‘You get back to that goddam cubicle and start thinking outside the box!’ 

(2) ‘Investigate’ ‘Reason’ ‘Review’ ‘Analyze’.] 
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 Can you feel it? Yes we can! Human limitations in design 
theory 
 

 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
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, 2010 // Plenary session 

Terrence Love // Dr. (eng. des.) // Curtin University of Technology, Western Australia; 

Lancaster University, UK; UNIDCOM, IADE, Portugal // T.Love(at)curtin.edu.au 

Introduction 

Feelings, intuition and emotion are often regarded as the heart of design practice and 

creativity. Designers’ feelings, intuition and emotion are seen as the main basis of 

addressing ‘wicked’ or complex design problems. 

 

This presentation reports research analyses that suggest that this assumption and the 

associated theories and philosophy is in error. 

 

In terms of design philosophy, it is possible to see a clear trajectory in the design theory 

literature: 

 

Pre-1960s Traditional formalized processes of design with different design roles 

segregated into different departments such as concept design, styling, 

detailed design, research and development with individuals with 

specialist skills segregated into these group roles. Design activity viewed 

as primarily dependent on skill and knowledge (primarily about 

manufacturing technique). 

1960s Systematic design. Focus on design processes. Design teams. 

Automating design. Dealing with complicated design problems. Design 

activity as containing a subconscious cognitive process (e.g. Synectics). 

Development of design methods to improve design processes 

1970s Separation of design problems into normal design problems and wicked 

design problems. 

1980s Increased application of artificial intelligence approaches and 

approaches based on linguistic analysis 

1990s Moves towards increased inclusion of human aspects of design and 

social issues as in participative design, collaborative design , activity 

theory, social network analysis 

2000s Widespread adoption of ideas of emotionally-based design cognition 

2010s ??? Re-thinking design on all fronts to address the widespread failures of 

previous design theory and design philosophy 
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In parallel, some researchers have focused on building design theory that also addresses 

the contradictions to established design theories. The end result of is ‘disruptive innovations’ 

in design theory and practice arenas. Theories can be disruptive in the same sense as 

‘disruptive innovations’. Experience indicates disruptive theories typically have some of the 

following four properties: 

 

1. The new theory challenges the roots of crucial swathes of existing theory in a given field 

2. The new theory challenges individual professionals’ deeply held beliefs about how they 

themselves function  

3. The new theory requires radical changes in how individuals operate as practitioners: in 

this case as designers and design researchers. 

4. The new theory is available as commonplace and well evidenced understanding in a 

closely related field and this knowledge has been overlooked in the new field for 

decades. 

 

The project described in this presentation has all four. 

Research background 

This presentation outlines research analyses that draw attention to the biological limitations 

to the types of design situations people can think about unaided. These biological limitations 

apply to everyone; and are not circumvented by intuition, feelings, insights, creativity or any 

other method of human functioning. The hypothesis and related theory came out of analyses 

by myself and Dr Trudi Cooper exploring how best to design interventions to shape the 

dynamics of power and decision making in complex socio-technical systems. It draws on 

evidence from the systems dynamic field relating to urban planning, business management, 

quality management and environmental design. This project is currently the focus of 

development of a large-scale study involving the Australian Army. 

 

Before outlining the detail of the presentation, I would like to thank and acknowledge 

discussion on topics that have contributed to this work. In particular I would like to thank and 

acknowledge Prof Brynjulf Tellefsen at BI in Oslo, Dr Judith Gregory from ID in Chicago, 

members of the ANZSYS systems group, Dr Chuck Burnette of www. idesignthinking.com 

and the many contributors to the phd-design list on Jiscmail. 

Centrality of behaviour prediction in design 

In design (theory, research and philosophy), the ability to predict the BEAHVIOUR of 

designed outcomes is central. Without the ability to predict the behaviour of design 

outcomes, it is unclear that any design can be regarded as fulfillment of a legal contract 

between designer and sponsor. In professional terms, the ability to predict the behaviour of 

a designed outcome is also the central characteristic of competency of any design 

professional. If designers are unable to predict the behaviour of design outcomes then this 

opens designers to legal challenges to their professional competence. In turn, it opens the 

door to potential legal litigation and financial claims against the designer for incompetence. 

 

There are some strong indications that it is possible to identify a large range of design 

situations that designers CANNOT predict the behaviour of design outcomes using thought, 

intuition, feelings, creativity and insight. Research analyses suggest that such a bound can 

be easily identified and that it is located towards the middle of the spectrum of design 
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situations that designers typically address. There are significant implications for design 

practice, design theory and design philosophy: it challenges the validity of many of them. 

Spectrum and structure of design situations 

The research described in this presentation takes as a starting point a spectrum with, at the 

left end, very simple design situations and at the right end, very complex dynamic socio-

technical design situations. It locates ‘wicked problems’, as viewed by most design 

professionals, as being well into the left hand half of the spectrum, towards the simpler end. 

In other words, it takes the position of asking how we deal with and theorize about designing 

interventions that are much more complex and difficult than what people have for the last 3 

decades been calling ‘wicked’ design problems. 

 

Design situations can be construed as having sub-parts (sometimes called dimensions, 

variables, aspects, entities, concepts or ‘chunks’) connected together by a small or large 

number of connections. If there are only a few sub-parts to the design situation and these 

are only sparsely connected we might call the design situation ‘simple’. Sometimes these 

are called “sparse’ design situations. 

 

Conversely, if there are lots of parts of a design situation and /or they are connected with 

lots of connections then the design situation can be regarded as ‘complicated’. When sub-

parts of the ‘complicated’ design situation are relatively unconnected or do not affect other 

parts, the design situation is sometimes referred to as ‘orthogonal’ or ‘decomposable’. 

 

When the complication of a design situation is high it can become difficult to address, 

especially if the relationships between design elements are non-linear. When it exceeds that 

which can easily be handled mentally, or when some parts of the design situation are 

unknown, at that moment, the design situation is typically called a ‘wicked problem’. 

 

This is an entity relationship model of design situations. Using entity-relationship 

representations of design situations is useful across all branches of design theory and 

design philosophy because the ‘entity –relationship model of a situation is the conceptual 

primitive for linguistic, scientific and other philosophical ontological and epistemological 

representations found in design research and design philosophy. The entity-relationship 

approach to representing design situations applies equally as well to qualitative and 

quantitative design issues and to social, psychological, technical, user-focused and 

participant/collaborator design situations involving intrinsically human interactions. 

 

Using the entity relationship approach to representing design situations means that design 

situations can be mapped directly into mathematical representations. In turn this enables 

design situations to be classified and grouped by classifying and creating taxa of the 

mathematical representations. 

 

One property that gives a measure of the relative order of complexity of design situations (as 

distinct from their ‘complicatedness’) is to look at the number of feedback (or feed forward) 

loops in the situation. One can categorize design situations in terms of complexity where a 

measure of complexity is the number of feedback loops – a different dimension from that of 

‘simple’ vs. ‘complicated’. This differentiation between complicated and complex is 
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conventional in systems design and cybernetics (and engineering design in, for example, the 

area of design on non-linear control systems). 

 

Evidence from the system dynamics field relating to complex systems design, urban 

planning, social systems design, management, business process design, manufacturing 

systems, quality management, security design and user-related design provides substantial 

indication that professional designers across a wide variety of design fields are unable to 

predict the behaviours of design outcomes and understand design situations with 2 or more 

feedback loops. 

 

The significance of this is that many design situations have substantially more than 2 

feedback loops. This is particularly evident in the case of the new areas that the Art and 

Design design fields have claimed that Art and Design design methods apply. It suggests 

that these claims are false.  

Can you feel it? Yes we can! The delusion 

A fundamental problem, in pragmatist philosophical terms, is that when designers reflect as 

to whether their feelings, intuition, insights, emotions and creativity can offer them a reliable 

prediction of the behaviour of complex design situations they get a positive answer that is 

false. 

 

That is, designers are typically mistaken and in error – deluded- when they feel confident 

that they understand and can accurately feel their way around complex design situations. 

 

This is easily tested and has been done so widely over a large amount of design 

professions. 

 

Our current research is to identify accurately the biological limits of design relating to 

complex design situations and provide guidelines to designers as to which design situations 

conventional design approaches apply and which they do not. 

Outcomes of research analyses and hypotheses 

• Humans are not capable of understanding, ‘thinking through’ or predicting the design 

behaviour of complex design situations, i.e. those involving 2 or more linked feedback 

loops. 

• Intuition, creativity and feelings do not help and do not under any circumstances provide 

correct answers to predicting the behaviour of complex design situations 

• Designers, design researchers and design philosophers, when testing the trueness of 

the feelings, intuition or creative insights, have ‘feelings’ that falsely give them the 

beliefs that their intuition, feelings, creativity or insight is allowing them to understand 

and predict the behaviours of complex design situations. These are delusions. 

• Typically where people intuit, feel or apply creativity to identifying strategies or 

interventions to improve complex design situations, they chose interventions that move 

the behaviour of the designed outcome in the opposite direction to that intended. 

• Designers typically address complex design situations by attempting to ignore the 

complexity and address them as complicated design situations – this approach results 

in faulty design solutions. 
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• When designers create designs for complex design situations, the outcomes typically 

after a short time become faulty due to the effects over time of the feedback loop. 

Designers usually blame the error on issues beyond their control or call it the result of 

the design situation being a ‘wicked problem’. This is implicitly a way of trying to avoid 

legal responsibility for lack of competence. 

• Collaborative, participatory, crowd design or other multi-participant approaches do not 

work for complex design situations. All that happens is there are multiple people who do 

not understand the situation and are incapable of predicting the behaviour of the 

designed system. The main benefit is that the group self supports themselves 

psychologically that they are all going to make the same design mistake and will all be 

blamed equally. 

Solution: a design approach for complex design situations 

The solution as a design approach is straightforward, has six parts. It applies to ‘wicked 

problems’ AND to design situations that are much more complex: 

 

1. Undertake background research to identify the main aspects of the complex design 

situation and the causal feedback loops (collaborative design approaches are useful 

here) 

2. Create a predictive behavioural model of the design situation taking into account all 

significant factors 

3. Identify the preferred outcomes and the factors that can be most easily changed 

(collaborative design approaches can be of use here) 

4. Make the changes to the predictive model and observe the outcomes 

5. Identify the characteristics of the configuration of the design situation that will give the 

preferred outcome 

6. Use these characteristics to define the framework for the design and its implementation. 

Implications of the above research analyses 

• Challenges the validity of all design theory and design literature as it applies to complex 

design situations (and wicked design problems) 

• Challenges the validity of participatory design, collaborative design crowd design and all 

other similar group based design practices as they apply to complex design situations 

(which is where they are mostly applied) 

• Challenges the belief that humans can intuit, feel or have correct insights about 

complex design situations 

• Challenges core elements of existing design theory, design research and design 

philosophy. 

• Challenges personal individual assumptions about our own abilities and competences. 

• Draws attention to a major self-delusion the assumption about the absence of which 

has been a core presumption of substantial amount of design theory making about 

design skills, practices and cognition. 

• Challenges the validity of recent claims by Art and Design fields that their methods 

apply also to complex design situations. 

• Challenges claims by the Design and Emotion sub-field, that complex design situations 

can be addressed via research into user’s emotional responses. 

• Challenges claims by user-based design approaches that user-based analysis is 

sufficient to define design solutions. 
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• Provides justification for an alternative design method that resolves all the problems 

raised by the above challenges. 
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 Function and Design: Are the Bonds too Tight? 
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, 2010 // Plenary session // The CEPHAD 2010 Maverick Lecture 

Bence Nanay // Assistant Prof., Dept. of Philosophy // Adjunct Assistant Prof., Dept. of 

Biology // Syracuse University // nanay(at)syr.edu 

 

The standard way of explaining artifact function is with reference to the notion of design. My 

corkscrew has the function to open wine bottles if and only if it was designed to open wine 

bottles. If we wonder what the function of an artifact may be, we should just ask the designer 

to get an answer. I argue that artifact function is not determined by design. In order to do so, 

I borrow some consideration from the analysis of biological function. A widespread strategy 

in the analysis of biological function is to export the standard account of artifact function to 

the biological domain. I take the opposite route. I argue that we should import a modal 

account of biological function and apply it in the cases of artifacts. Artifact function, like 

biological function, is determined by modal facts, but by past design. 

 

I. Artifact function and artifact design 

The function of my corkscrew is to open bottles. The function of my heart is to pump blood. 

These two function-attributions are of different kind. My corkscrew is an artifact, whereas my 

heart is a biological trait. Artifact function seems to be the easier of the two kinds to analyze. 

The standard way of explaining artifact function is with reference to the notion of design. My 

corkscrew has the function to open wine bottles if and only if it was designed to open wine 

bottles. If we wonder what the function of an artifact may be, we should just ask the designer 

to get an answer. As Philip Kitcher put it, "the function of S is what S is designed to do" 

(Kitcher 1993, p. 380). This seems to be a very widely accepted view (see also Millikan 

1984, p. 17 and Williams 1966, p. 209).
1
 

 

I will argue against this standard conception of artifact function, but before doing so, it needs 

to be acknowledged that this way of thinking about artifact function is not only a default 

philosophical assumption, but it also impregnates our everyday way of thinking about 

artifacts: something has a function if it was designed to have one. The following dialogue is 

from the American sitcom Friends: 

 

Monica: What does this light-switch do? 

Joey: Oh, nothing. 

Monica: Didn't it drive you crazy to have a switch and not know what it did? 

Joey: I know what it did. Nothing.  

                                                             
1
  Even those who aim to reconsider the role the notion of design plays in the 

explanation of biological function (for example, Allen and Bekoff 1995, Buller 2002) 

accept a weaker claim that if x is designed to do F, then the function of x is to do F. 
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Monica: They wouldn't have put it there if it didn't do something. (Friends, Season 4, 

Episode 15) 

 

Monica’s assumption is that the switch must have a function, because otherwise the 

designer would not have put it there: function is fixed by design.  

 

My claim is that artifact function is not fixed by design, but rather by modal facts. So I am 

really making two claims, a negative and a positive one. The negative one is not entirely 

original: although it is widely assumed in the function literature that artifact function is 

determined by design (see Kitcher 1993 for a summary), there have been some dissenting 

views (Preston 1998, Vermaas-Houken 2003, Houken-Vermaas 2004). But I will argue that 

we can and should say more about artifact function than just that it is not determined by 

design. I will outline a modal theory of artifact function. In order to do so, I will venture into 

the domain of biological function attributions.  

II. Artifact function and biological function 

As we have seen, function-attributions to artifacts and to biological traits are of very different 

kind. The standard assumption was that artifact function is determined by design. If we 

wonder what the function of an artifact may be, we should just ask the designer to get an 

answer. But how about biological function?  

 

This explanatory scheme will not work in the case of biological functions, as there is no 

designer who designed these traits (or, in any case, there is no-one we could ask). Thus, it 

seems that in spite of the fact that we talk about functions both in the artifact and in the 

biological case, these two kinds of function are very different indeed: one is fixed by design, 

whereas the other is not.  

 

This asymmetry has been bothering most philosophers who are thinking about function. If 

my heart and my corkscrew both have function, we must be able to come up with a theory of 

function that covers both kinds of case. Even if the attribution of biological an artifact 

function is somewhat different, they must have something in common. But if one of them is 

determined by design, whereas the other is not, it is not clear what this common 

denominator could be.  

 

The standard way of resisting this asymmetry is to accept that artifact function is fixed by 

design and argue that something similar could be said of biological function. As a result, 

most of the philosophical literature on function has been focusing on biological function 

neglecting the analysis of the attribution of artifact function (Dipert 1993, Preston 1998). 

Many of the most influential attempts to characterize biological function take an implicit 

account of artifact function-attributions for granted and use considerations about what is 

assumed about artifact function to arrive at a viable theory of biological function. More 

precisely, artifact function is fixed by past design, thus, biological function must be 

determined by something similar, that is, past selection. 

 

I will follow the opposite route. I will not take anything for granted about artifact function and 

proceed to use independent considerations about biological function in order to give an 

account of artifact function. Thus, I will argue that biological function is not determined by 

past selection, but by modal facts. And artifact function is also determined by modal facts. 
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Thus, we can restore the symmetry between artifact and biological function-attributions, 

without being committed to the claim that artifact function is fixed by design.  

 

The plan for the paper is the following. I point out that the attempt to explain biological 

function on the model of artifact function, the so-called etiological theory, faces some serious 

objections (Section III and Section IV). In order to avoid these objections, we need to define 

biological function in modal terms (Section V). Finally, I return to the artifact case and give a 

parallel modal account of artifact function (Section VI and Section VII). 

 

But before I embark on this argument, I need to note an important feature of the concept of 

function that any theory needs to be able to account for: the possibility of malfunctioning. An 

object may have a function but fail to perform this function. If my heart skips a beat, it still 

has the function to pump blood, but at that moment it fails to perform this function: it 

malfunctions. The same is true of broken corkscrews. 

III. The etiological theory of biological function 

The most widespread notion of biological function is the following: a trait of an organism has 

function F if and only if its performing F has contributed to the survival of the ancestors of 

this organism. This notion of function is usually referred to as 'etiological': what determines 

the function of a trait is its history. The function of the human heart is to pump blood 

because the fact that the heart pumped blood contributed to the survival of our ancestors 

(Millikan 1984, Neander 1991a, 1991b, Griffiths 1993, Godfrey-Smith 1994, see also Wright 

1973). 

 

Note that this theory of biological function restores the continuity between the explanation of 

biological and artifact functions. The function of my corkscrew is to open wine bottles 

because it has been designed to open wine bottles, whereas the function of my heart is to 

pump blood because it has been selected for pumping blood. In both cases, function is fixed 

by the past: past design or past selection.  

 

At present, the etiological theory is the dominant view of function. This, however, does not 

mean that this theory is generally thought of as unproblematic. Probably the most famous 

objection to the etiological view is based on the swampman thought experiment. A very 

direct consequence of the etiological definition of function is that what fixes the function of a 

trait is its past, not its present. Hence, if an organism that is molecule for molecule identical 

to me (the swampman) were created by chance, its organs would not have any functions, 

since it would lack the evolutionary history that would fix the function of these organs 

(Neander 1996, Millikan 1996). 

 

Without going into the Byzantine details of the swampman literature (Dennett 1996, Millikan 

1996, Neander 1996, Papineau 1996, 2001, Braddon-Mitchel – Jackson 2002), it can be 

pointed out that it is probably not a fatal objection to the etiological theory of function.
2
  

                                                             
2
 There are two main strategies available for the advocate of the etiological view. The 

first is to bite the bullet and agree that the heart and kidney of the swampman do not 

have any function (Neander 1996b, Papineau 1996, Millikan 1996). The second is to 

deny the possibility (or the biological/philosophical relevance) of the emergence of 

swampman (Dennett 1996, Millikan 1996, Neander 1996b, Papineau 2001). 
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The etiological theory could be thought of as an attempt to apply considerations from the 

standard account of artifact function to the biological domain. I will argue in the next section 

that it is unlikely to succeed. My strategy then will be to outline a modal theory of biological 

function and then apply this account to the domain of artifacts.  

IV. A problem for accounts of biological function – the individuation of trait 

types 

I would like to raise another, more general and perhaps more fundamental objection than 

the Swampman that should persuade us to discard the etiological theory (this section is a 

sketchy version of the argument I present in Nanay 2006 and Nanay forthcoming. 

 

The etiological definition of function presupposes that trait types can be individuated in an 

unproblematic manner. The trait whose function is to be defined and the traits that have 

been selected for in the past must be of the same type. But how can we individuate trait 

types? What makes hearts different from non-hearts? 

 

The problem is that there is no coherent non-circular way of individuating trait types that is 

available to the etiological theory of function. 

 

According to the etiological theory, the function of my token heart is determined by some 

facts about what happened to some other traits that were tokens of the same type as my 

heart: whether they were selected for, and if so, what they were selected for. Thus, the 

function of my token heart is determined by something that happened to some other tokens 

of the same type. 

 

But then the etiological definition of function presupposes an independent explanation for 

how trait types are individuated. The real problem is that no such independent explanation is 

available. The most plausible candidate for how to individuate trait types uses (at least 

partly) functional criteria: a token object belongs to trait type T if and only if it has certain 

functional properties: if it has the function to do F (I discuss the most important alternatives 

in Nanay 2006 and Nanay forthcoming). Those entities are hearts that have the function of 

pumping blood. Those entities that do not have this function are not hearts. As Karen 

Neander puts it: "Most biological categories are only definable in functional terms" (Neander 

1991a, 180, See also Beckner 1959, 112, Lewens 2004, 99, Burge 1989, 312). But the 

etiological theory of function cannot help itself to this way of individuating trait types when 

defining function without running into circularity. As we have seen, the etiological definition 

of function presupposes an account of trait type individuation. Now, if we want to avoid 

circularity, we cannot use the notion of function in order to explain trait type individuation. 

When we are explaining function, the claim that x* (the trait whose function we are 

explaining) is a token of type X (the traits that have been selected in the past) is part of the 

explanans. Hence, we cannot use the explanandum (function) to explain part of the 

explanans (why x* is a token of type X).
3
 

                                                             
3
  This problem is acknowledged by the defenders of the etiological theory of function. 

See Neander 2002, 403, see also Griffiths 1993, Davies 2000, 2001.  
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V. A modal theory of biological function 

To sum up the argument so far, the etiological theory should be disposed of, and we should 

look for some other theory of function. The problem is that all alternatives to the etiological 

theory of function define the function of a token trait in terms of some properties of the trait 

type this trait is a token of. Hence, the alternatives of the etiological theory – the propensity 

theory (Bigelow-Pargetter 1987, Mills-Beatty 1979), the relational theory (Walsh 1996) as 

well as Cummins’s ‘minimalist’ theory (Cummins 1975, 2002) – rely on an independent 

account of individuating trait types. 

 

How can we then possibly give a plausible theory of function? The only solution I can see is 

to define function without any reference to trait types. If we could define function without 

appealing to trait type individuation, then we could use this definition of function to 

individuate trait types without running into circularity. 

 

But then the function of a token trait must be determined entirely by the properties of that 

very trait token and not by the properties of other tokens of the trait type this token belongs 

to. How can we explain malfunctioning in this framework? When a trait malfunctions, it is 

supposed to do (that is, it has the function to do) F, but it does not do F. My heart 

malfunctions when it does not pump blood (though it is supposed to/it has the function to do 

so). If we define the function of a trait token in terms of the properties of that trait token 

alone, then it is difficult to see how the function can be different from what the trait token 

actually does. In other words, it is difficult to see how such an account of function could 

explain malfunctioning. 

 

In the light of these constraints, options are fairly limited with regards to an unproblematic 

definition of biological function. In fact, I can see only one such option, namely, to attribute 

modal force to claims about function. To put it simply, trait x may not perform F, but if it were 

to perform F, this would contribute to the survival of the organism with x. So the basic idea is 

that the function of x is F if and only if it is true that if x is doing F, then this would contribute 

to the survival of the organism with x. But some clarifications, comments and elaborations 

are in order. 

 

First, the talk about contribution to the survival of an organism, which is a standard way of 

analyzing function, is vague. What really matters in natural selection is not the survival, but 

the inclusive fitness of the organism. Second, I defined function with the help of a 

counterfactual. Using a Lewisian account of counterfactuals, my definition of function would 

amount to the following. The function of organism O’s trait x is to do F at time t if and only if 

some ‘relatively close’ possible world where x is doing F at t and this contributes to O’s 

inclusive fitness are closer to the actual world than any of those possible worlds where x is 

doing F at t, but this does not contribute to O’s inclusive fitness (see Nanay forthcoming for a 

detailed defense of this definition). 

 

If x is not doing (or even cannot do) F in the actual world, but in a ‘relatively close’ possible 

world it is doing F and its doing F contributes to the organism's inclusive fitness, then we can 

still attribute function F to x. This is exactly what happens if a trait is malfunctioning: if it fails 

to perform its function. 
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How can this proposal deal with the cases that are problematic for the etiological approach? 

If the swampman's heart pumped blood, then this would contribute to the inclusive fitness of 

the swampman (this follows from the supposition that the swampman is molecule by 

molecule identical to a human being), hence, the swampman's heart has the function to 

pump blood, in spite of the fact that he lacks history. 

 

Finally, the modal theory of function is obviously not vulnerable to the trait-type individuation 

objection, because it does not use trait types when defining function. It defines the function 

of a token trait entirely in terms of the properties of this token trait. To sum up, if we conceive 

of function the way I suggested, some of the worrying consequences of the etiological view 

disappear. 

VI. A modal theory of artifact function 

So far, I outlined an account of biological function. However, if this theory is correct, then the 

explanation of biological function is very different from the standard explanation of artifact 

functions. Artifact function is widely held to be fixed by design, whereas biological function is 

fixed by modal facts. 

 

One of the attractions of the etiological theory of function was that it can provide a theory of 

biological function that is continuous with the way we usually explain artifact function (see 

Kitcher 1993). I will follow the opposite route. Instead of constructing a theory of biological 

function that would mirror the standard way of thinking about artifact function, we should 

reevaluate the standard understanding of artifact function. In short, my claim is that artifact 

function is not, or at least not always, fixed by design. Let me begin with an example. 

 

The slinky was not designed to be used as a toy that can ‘walk’ downstairs. It was designed, 

apparently, to be a tension spring in a horsepower monitor for naval battleships. 

Nonetheless, its function now is to ‘walk’ downstairs. Other examples include truck tires 

used for football practice and old chalkboards used as dinner tables in some trendy 

households. 

 

Thus, it is not true of artifacts in general that x has function F if and only if x was designed to 

do F. But then how can we explain artifact function? 

 

My suggestion, not surprisingly, is that function attribution to artifacts depends on modal 

facts about the token artifact. The function of an artifact is fixed by what would contribute to 

the fulfillment of the goals of the agent who is using the artifact. This could be spelled out in 

the following way: artifact x has function F at time t if and only if some ‘relatively close’ 

possible world where x is doing F at t and this contributes to the fulfillment of the goals of the 

agent who is using the artifact are closer to the actual world than any of those possible 

worlds where x is doing F at t, but this does not contribute to the fulfillment of the goals of 

the agent who is using the artifact. 

 

The function of the slinky is to roll from one step to the other because some ‘relatively close’ 

possible world where it is rolling from one step to the other and this contributes to the 

fulfillment of the goals of the agent who is using it are closer to the actual world than any of 

those possible worlds where it is rolling from one step to the other, but this does not 
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contribute to the fulfillment of the goals of the agent who is using it. What it was designed for 

is irrelevant. 

 

One may be slightly suspicious of the reliance on the notion of ‘the fulfillment of the goals of 

the agent who is using the artifact’, so I need to make three explanatory remarks about this 

notion. 

 

First, what if nobody is using the artifact at the moment? Would it follow that the artifact has 

no function? No. As we have seen, artifact function is defined by what would contribute to 

the fulfillment of the goals of the agent who is using the artifact. If nothing contributes to the 

fulfillment of the goals of the agent who is using the artifact in the actual world, say, because 

nobody is using the artifact, this does not mean that the artifact has no function. Whether it 

has a function depends not just on what happens in the actual world, but on what would 

happen if things were different. If some ‘relatively close’ possible world where someone is 

using the artifact and what it is doing contributes to the fulfillment of the goals of this agent 

are closer to the actual world than any of those possible worlds where someone is using the 

artifact and what it is doing does not contribute to the fulfillment of the goals of this agent, 

then it does have a function. 

 

Second, ‘the fulfillment of the goals of the agent who is using the artifact’ is the equivalent of 

the organism’s inclusive fitness in the biological case: A’s trait, x, has a biological function F 

if x’s doing F would contribute to A’s inclusive fitness. Conversely, A’s part, x, has an artifact 

function F if x’s doing F would contribute to the fulfillment of the goals of the agent who is 

using A. 

 

But while the inclusive fitness of an organism is a straightforward scientific concept, the 

notion of the goals of the agent who is using the artifact is neither straightforward, nor 

scientific. Different agents may have different goals in mind when they use the artifact. Thus, 

it follows from my account that the function of the artifact will be different for these agents. 

 

I think this consequence of the view I have been proposing is not a weakness, but one of its 

strengths. Function attribution, as we have seen in section II, is context-sensitive. The 

attribution of artifact function, more specifically, depends on the agent who is (or would be) 

using the artifact. Different agents would have different goals with this artifact, and this 

would lead to different function-attributions. I will return to a version of this objection in 

Section VII (a). 

 

Third, one may also worry that if artifact function is defined in terms of what would contribute 

to the fulfillment of the agent who is using the artifact, then the function of an artifact 

depends on the intentions of the agent who is using it. Again, this seems very different from 

biological function, where, as inclusive fitness is not relative to anyone’s intentions, function 

is not either. But note that according to the standard analysis of artifact function, function 

also depends on intention – in this case, on the intention of the designer. If we accept the 

modal theory of artifact function, we get a very similar picture. Function depends on 

intention: not on the intention of the designer, but that of the user of the artifact. 

 

The conclusion is that the function of artifacts, like the function of biological traits, is fixed by 

modal facts. What they were designed for is not all that important. Before turning to some 
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objections, we need to make sure that the modal theory of function can account for the most 

important features of the concept of function I outlined in section II. 

 

Any theory of function needs to be able to explain malfunctioning. As we have seen, an 

artifact malfunctions if and only if it has a function, but it fails to perform it. This is perfectly 

possible in my account, since even if x is not doing F in the actual world, it may still be true 

that if x were performing F, then this would contribute to the fulfillment of the goals of the 

agent who is using x (or the object x is a part of). If an artifact is not doing (or even cannot 

do) F in the actual world, say, because it is broken, but in a ‘relatively close’ possible world it 

is doing F and its doing F contributes to the fulfillment of the goals of the agent who is using 

it, then we can still attribute function F to it. This is exactly what happens if a trait is 

malfunctioning: if it fails to perform its function. 

 

Further, an object can have two or more functions as there may be many things an artifact 

does that would contribute to the fulfillment of the goals of the agent using it. And, as we 

have seen, the attribution of functions depends on the explanatory project as the 

explanatory project determines which nearby possible worlds we should take into 

consideration when assessing the function of the artifact. 

VII. Objections 

I need to address a couple of possible objections. 

 

VII. (a) First objection: function and use 

The first, and most important, objection concerns the distinction between the function of an 

artifact and what this artifact could be used for. I could use my laptop as a doorstop, but 

does this make it the (or, at least, a) function of the laptop to serve as a doorstop? One 

important worry about the account of artifact function I outlined here is that it makes the 

notion of x’s function dangerously similar to what x could be used for. And every given object 

could be used for thousands of things. Thus, the danger is that the account I have been 

proposing proliferates function: every object will end up having thousands of functions. 

 

It is important to point out that if I use an object as a doorstop in the actual world, then it 

does not follow under my definition that a function of this object would be to be a doorstop. 

Again, the function of artifacts is fixed by counterfactual facts. The function of an artifact is 

not whatever it does that fulfills the goals of the agent who is using it, but what it does that 

would contribute to the fulfillment of the goals of this agent. 

 

Suppose that while moving into my new apartment, I put my laptop on the floor in order to 

keep a door open. Does it have the function to serve as a doorstop? Not really. It fulfills my 

goal: I want it to keep the door open and it does keep the door open. Now the question we 

should ask is whether its serving as a doorstop would contribute to the fulfillment of my 

goals with it. If things were a little different, would the laptop’s serving as a doorstop 

contribute to the fulfillment of my goals with it? The answer depends on how different things 

could be. 

 

In the scenario I described, there is little modal flexibility: we do not have to go very far from 

the actual world to find a world where my computer serves as a doorstop, but this does not 

contribute to the fulfillment of my goals with it. But I may like this arrangement and keep my 
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computer installed against the door, in which case, we would have more modal flexibility: in 

nearby possibly worlds, the computer’s serving as a doorstop contributes to the fulfillment of 

my goals with it. 

 

Thus, if a function of an artifact x is to do F, it is not enough that I happen to use x for F-ing 

in the actual world (or that I could do so). If it is true that function attribution has modal force, 

then it also needs to be true that if things were different, x would still be used for F-ing. A 

minimal intuition about any notion of function is that if x has a function to do F, then x is, in 

some sense, for doing F. In some explanatory projects (for example, when we are trying to 

explain why it is crucial to keep the door open), this object is indeed for serving as a 

doorstop. 

 

VII. (b) Second objection: function and usefulness 

A related worry is that, with or without the modal spin, my definition does not capture the 

notion of function, but rather the notion of usefulness. My response is to bite the bullet: 

function may have a lot to do with usefulness. 

 

The main consideration against thinking about function as usefulness is that the notion of 

function is generally taken to be tied to the notion of design. But if the argument I presented 

above is correct, then this strategy of tying function to design is misguided as, at least in the 

biological case, what was being designed (or selected for) are different tokens of the same 

type as the token whose design/function we are explaining. But if function is importantly 

different from design, then we have no prima facie reason to reject the link between function 

and usefulness. 

 

Further, it has been argued recently that if we conceive of function as usefulness we may 

avoid some undesirable consequences of conceiving of function as design (Bickard – 

Christensen 2002, in press). And here I need to drag in the thorny issue of normativity. 

Function is a normative concept and so is usefulness. But it is not clear that design, if we 

strip the concept from its traditional close association with function, is normative (Cameron 

2004). The modal theory of artifact function can account for the normativity of function with 

the help of the modal facts that fix this function (see Nanay forthcoming). But it is not clear 

that the normativity of function can be explained with reference to the past (see, again, 

Cameron 2004). 

 

VII. (c) Third objection: function and explanation 

I have to acknowledge that if we accept the modal theory of artifact function, we do lose at 

least some of the classic connotations of the concept of function. As we have seen in 

Section II, it has been argued that the concept of function is explanatorily useful: the function 

of an object explains why this object is the way it is (Wright 1973, Griffiths 1993). 

 

If we accept the modal theory of artifact function, we lose this explanatory advantage: the 

modal facts that fix artifact function will not explain why the artifact is the way it is. But at this 

point we should ask why is function supposed to play this explanatory role? If one things that 

a good explanation is a causal explanation, one will reject that function is even a candidate 

for explaining why an object is the way it is. The explanans in a causal explanation should 

precede the explanandum, but the function of x does not precede x. The notion of function is 
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undoubtedly an explanatorily relevant one, but it is not clear why it must be able to explain 

the features of the object. 

VIII. Conclusion: philosophers versus designers 

I argued that artifact function is not determined by design. Instead of exporting a standard 

account of function from the domain of artifact to the biological domain, we should take the 

opposite route. We should import a modal account of function from the biological to the 

artifact cases. 

 

The conclusion could be thought of as somewhat disrespectful of designers: it is not the 

designers who fix the function of artifacts. This function depends, in complex modal ways, 

on the users. But I do not think that this conclusion should bother designers. The designer 

determines all the actual properties of the artifact and these are the properties that really 

matter and do all the causal work. All I argued for is that some modal properties, the ones 

that determine the artifact’s function, are not determined by the designer. So all the causally 

efficacious properties of an object are determined by the designer, it is only the causally 

useless property of function that I argue about. Going along with this argument would not be 

such a significant loss for designers. 
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P.P.C.C.Verbeek(at)gw.utwente.nl 

 

This paper expands the analysis of the moral significance of technology that I have 

elaborated so far. It will do so by (1) addressing new relations between human beings and 

technological artifacts, that are beyond the common configuration of use; and (2) connecting 

to the tradition of philosophical anthropology. 

(1)  

Current analyses of the moral significance of technology build upon the concept of 

technological mediation. The central focus in this approach is on technology which gets 

used. When used, those technologies establish relations between their users and reality, 

thus mediating human experiences and practices. On the basis of these mediations, 

technologies help to answer the moral questions of ‘how to act’ and ‘how to live’, and hence 

they are to be considered part of the moral community. Designer responsibility then comes 

down to anticipating, assessing, and designing the quality of these mediations. 

 

Current technological developments, however, increasingly result in technologies that are 

beyond the configuration of use. Smart environments, for example, that react intelligently to 

people’s presence and activities, rather operate from the background of our experience. The 

relation we have with them should rather be called immersion. And an opposite route is 

taken by technologies that interfere with our bodies. Neuro-implants and limb prostheses, for 

instance, are technologies not of the exterior, the environment, but of the interior – the 

human body. Our relationship with them might be said to represent a merge, as it becomes 

difficult to draw a distinction between the human and the technological. 

 

What relation do these new configurations – of immersion and of fusion – have to the moral 

significance of technologies? How can we conceptualize technology’s role in human 

intentionality and agency when they move toward our environment or into our bodies? 

(2) 

These new configurations of humans and technologies also urge us to rethink philosophical 

anthropology. In the history of this small philosophical subfield, various analyses have been 

made of the relations between human beings and technological artifacts, ranging from Ernst 

Kapp’s theory of technologies as organ projections to Arnold Gehlen’s distinction between 

technologies as organ replacement, organ facilitation, and organ strengthening. The new 

configurations of immersion and fusion, however, are beyond the range of these 

anthropological theories. How to expand our understanding of the technological character of 

the human being? 
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Answering this question also urges us to expand our notion of design, as designing human 

existence. From the configuration of use, design results in new practices of use and new 

types of existence. From the configurations of immersion and fusion, however, design 

concerns new, and more profound aspects of human life. How to conceptualize these new 

types of design, and the new ethical questions that are connected to them? 
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 A Conceptually Ambiguous Future for Engineering Design  

 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
th

 – 29
th

, 2010 // Plenary session 

Pieter Vermaas // Dr. // Dept. of Philosophy, TU Delft // p.e.vermaas(at)tudelft.nl 

Introduction 

The analysis of designing may move towards a centre stage position in philosophy when 

technology is eventually recognised as the discipline aimed at creating entities. Technology 

includes also technical science aimed at describing the created entities, but designing may 

be taken as that what sets technology apart. Separating creation and description more 

clearly, (natural) science is the discipline by which we describe the entities that we have not 

created, technical science is the discipline by which we describe the entities that we have 

created, and technology is the discipline by which we create entities. Creation and 

description are obviously entangled – in technical designing we use scientific and technical-

scientific theories, and in scientific observation we use technologically created instruments – 

yet designing and production become endeavours that should be discerned from 

observation and theory development. And where scientific observation and theory 

development have had their fair shares of attention in methodology and philosophy, 

technical designing and also production can now be recognised as in need of similar 

attention. 

 

Considering designing from this broad perspective, one would expect that the analysis of 

designing will eventually develop towards general and integrative accounts. As scientific 

descriptions have developed from descriptions of individual phenomena by means of 

particular concepts into overarching theories phrased in terms of generally shared concepts, 

characterisations of particular design efforts would evolve into overall accounts of designing 

phrased in terms of shared concepts. This development can be detected. Design thinking is 

now seen as a particular way of thinking and attempts to capture it have lead to a number of 

recent monographs.
1
 Yet, one can also observe that the analysis of designing resists this 

development towards generalisation and integration. There are different methodologies for 

designing available, and efforts to integrate them are to my knowledge not taken up. 

Moreover, an alleged precondition to such efforts, being a common conceptual framework 

for describing these different design methodologies, is not yet satisfied. Rather one can find 

indications that meeting this precondition is something that researcher in technology reject. 

Concepts such as technical function and technical behaviour seem central to technology, yet 

have different meanings for different design methodologists.
2
 Moreover, there is no 

consensus that at some point in the future these meanings can be replaced by single 

precise ones; hopes towards convergence of the different meanings of function are 

expressed in, e.g., Chandrasekaran 2005 and Erden et al. 2008, but not generally 

supported. Hence, where in science key concepts such as length, time and mass, have 

                                                             
1
 E.g., Cross 2006, Dong 2009 and Lawson and Dorst 2009. 

2 For the concept of function this is illustrated in, e.g., Chandrasekaran 2005 and Erden et al. 
2008. 
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acquired clear, general and unambiguous meanings as given by the Système International 

d'Unités, the key concepts of technology are still ambiguous and specific to particular design 

methodologies, frustrating attempts to capture designing generally. 

 

There are two ways in which one can understand this ambivalence in design research about 

the underlying conceptual framework of technology. First one can take it as just a temporary 

phase that eventually will be surpassed. One then expects that ongoing attempts towards 

capturing designing will (eventually) be accompanied with analyses of the relevant key 

concepts aimed at convergence to one generally shared framework. Second one may take it 

as an indication that such a generally shared conceptual framework is not of value to 

technology. Science may have had its process of conceptual convergence and may have 

been helped by this convergence, but for developing technology a generally shared 

framework may not be needed. One then expects that ongoing attempts towards capturing 

designing will be accompanied with the introduction of new key concepts, or new meanings 

for existing concepts, to be used in addition to the existing ones. The second way is 

philosophically the more interesting one. Technology will then develop differently than 

science, and mature without creating a generally shared conceptual framework equivalent to 

the scientific Système International.  

Topic 

The second way of understanding the ambivalence about a generally shared conceptual 

framework in technology is the topic I want to put on the table. A first set of questions about 

it is on the chances that researchers in designing and design methodology indeed stick to 

their current habit of using different conceptual frameworks. In this note I describe some 

arguments that this habit may persist. 

 

A second set of questions consists of the consequences and conclusions that follow from 

the possibility that technology end up with multiple conceptual frameworks. My own work on 

designing has for a large part been focussed on the current lack of consensus among 

design researchers about how to define technical functions, and has developed towards the 

position that this lack is present in technology for a good reason. Initially I took the traditional 

analytic position of philosophy towards disciplines: I identified the different meanings 

attached to the term function, analysed the problems it led to and suggested that sticking to 

one meaning would be beneficial to technology. Now I am inclined to turn the tables and 

accept that engineers use the term with different meanings. The lack of consensus then is 

part of the phenomenology of technology, and the task for philosophy becomes to 

understand this lack of consensus: having science as the default, technology is apparently 

taking a different course in its development, which is therefore in need of analysis and 

explanation. This is just one illustration of a change in questions when technology adopts 

multiple conceptual frameworks. What are the other consequences of a conceptually 

ambiguous future for technology, if such a future is possible at all? 

Favouring conceptual ambiguity 

That there is currently no consensus in design research about the meaning of key concepts 

such as function and behaviour is regularly noted by the participants involved. Introductions 

to special issues of journals consider it (Chakrabarti and Blessing 1996; Chittaro and Kumar 

1998; Stone and Chakrabarti 2005) and surveying and discussing the different meanings is 

a topic in itself (Chakrabarti and Blessing 1996; Chittaro and Kumar 1998; Chandrasekaran 
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and Josephson 2000; Deng 2002; Chandrasekaran 2005; Erden et al. 2008; Van Eck 2009). 

Hopes that consensus is reached are expressed, as said, (e.g., Chandrasekaran 2005; 

Erden et al. 2008) but a lively discussion about the best way of defining the key concepts is 

lacking. Typically individual authors propose their definitions, explain how the different key 

concepts are related within their approaches, and then go on with describing designing. 

Benefits of adopting the proposed definitions are given but typically not relative to 

approaches and definitions proposed by other authors. The different conceptual frameworks 

co-exist peacefully, so to say, and some make the additional step of explicitly accepting that 

technological key concepts can have different meanings simultaneously.
3
 

 

From this current state of affairs it cannot be deduced that researchers will remain to use 

different co-existing conceptual frameworks in technology. This fact may, as said, be taken 

as just a temporary phase in the development of the discipline of technology. Yet, one can 

argue that the current state of affairs has advantages for engineers, advantages that may 

keep technology from developing towards a discipline with one general conceptual 

framework. 

 

Designing with object worlds 

A first argument can be derived from the work by Larry Bucciarelli (1994). In his analysis of 

how engineers design in actual practice, he develops a view in which engineers think and 

reason by means of conceptual frameworks that are specific to their technical disciplines 

and possibly even to their personal technical experiences. In Bucciarelli’s view engineers 

work within their specific object worlds designating “the domain of thought, action, and 

artifact within which participants in engineering design [...] move and live when working on 

any specific aspect, instrumental part, subsystem, or subfunction of the whole.” (p. 62) So, 

engineers in mechanical engineering have their object worlds with mechanical-engineering 

concepts, engineers in software engineering different object worlds with software-

engineering concepts, and so on. Concepts may be shared by engineers with different 

object worlds but the meanings these engineers attach to those concepts need not be the 

same. In effect, Bucciarelli analyses in detail a meeting in which engineers are discussing 

the designing of a residential photovoltaic module, and argues that the way in which 

decisions are made in designing is determined or possibly even facilitated by the fact that 

engineers attach different meanings to concepts. For the solar panel the concept of ‘module 

voltage’ was chosen as the concept that was to be considered in the meeting by reaching a 

decision on the value it eventually should have. Bucciarelli then concludes that 

“[p]articipants capitalize on the variety of its meanings. [...] The umbrella-like, open character 

of the word provides design participants the room they need to negotiate differing, even 

divergent, views of the meaning of a network of [photovoltaic] cells.” (p. 173) The upshot of 

this view is that engineers typically use concepts with different meanings and benefit from 

this when they are designing. Hence, adopting one general conceptual framework for 

technology would force engineers to give up on this advantage and change the way in which 

they arrive at design decisions. 

 

                                                             
3
 In Srinivasan and Chakrabarti 2009, p. 418, the different meanings of function are 

simultaneously incorporated in the SAPPhIRE model for analytic and synthetic reasoning in 
designing, and in his presentation at the ICED09 conference Amaresh Chakrabarti 
described this acceptance of the different meanings as an asset of the model. 
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Simplifying descriptions of design reasoning 

A second argument can be derived from an analysis of why engineers attach different 

meanings to the key concept of function (Vermaas 2009). This analysis was given as part of 

the idea that one should accept that engineers attach different meanings to functions, 

creating the task for philosophy to analyse and explain why engineers do so. The proposal 

in this analysis is that engineers attaching different meanings to functions in order to simplify 

descriptions of design reasoning. In a nutshell the analysis proceeds as follows. A detailed 

description of an artefact is phrased in terms of at least the five key concepts of goal, action, 

function, behaviour and structure (Brown and Blessing 2005). The concept of function then 

has the meaning of ‘desired effect of an artefact’s behaviour’, and designing becomes an 

activity in which engineers reason in four steps from a (user) goal to the physicochemical 

structure of an artefact. In the first step designing engineers determine a series of actions by 

which users can realise the goal. Some of these actions may involve the artefact that is to 

be designed and in the second step engineers determine what functions the artefact should 

have, i.e., what effects of the artefact’s behaviour are desired in order that the actions are 

successful. In a third step the behaviour of the artefact is determined that can exhibit those 

intended effects. And in the final step the engineers fix the physicochemical structure of the 

artefact such that the artefact can exercise that behaviour. This description of design 

reasoning may be adequate but is conceptually far too detailed compared to the descriptions 

that are given by current design methodologies. In those methodologies some of the five key 

concepts are ignored and reasoning links goals to the structure of artefacts more 

straightforwardly. In the design methodology of Gero (1990), for instance, the reasoning 

proceeds from goals to behaviour, and then from behaviour to structure, and in the 

methodology of Stone and Wood (2000) engineers reason directly from goals to function, 

and then from function to structure.
4
 Current design methodologies are thus conceptually 

simpler than the one that follows when one describes artefacts by means of the five key 

concepts goal, action, function, behaviour and structure. The current methodologies ‘by-

pass’ references to one or more of these five key concepts, and this by-passing is facilitated 

by attaching meanings to the concept of function different than the ‘desired effect of an 

artefact’s behaviour’ meaning. In Gero’s methodology function has the meaning of ‘design 

intention or purpose’ related to an artefact. With this meaning functions refer to the goals of 

artefacts in a more explicit way than when functions are ‘desired effect of an artefact’s 

behaviour.’ By this more explicit reference, design reasoning by Gero’s methodology again 

starts with considering the goals of users. In the methodology by Stone and Wood functions 

of artefacts are taken or represented as operations on flows of materials, energies and 

signals, corresponding to the tasks of the artefacts, which attaches the meaning of ‘intended 

behaviour of the artefact’ to function. And by this meaning design reasoning with this second 

methodology still includes considerations of the behaviour of artefacts, considerations that at 

first sight seem to have been lost. The upshot of this analysis is that engineers use the 

concept of function with a flexible meaning because that enables them to simplify 

descriptions of designing. And since there are different ways to simplify those descriptions of 

designing, as is testified by the co-existence of different design methodologies, they use the 

concept of function with different meanings. 

 

                                                             
4
 These reasoning steps are more sophisticatedly described in the methodologies of Gero 

and of Stone and Wood; the only point I want to make here is that reasoning does not 
proceed in terms of all five key concepts. 
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Since the above analysis is meant to explain why engineers attach different meanings to the 

concept of function, it would be close to begging the question to advance it as an argument 

that technology will end up with multiple conceptual frameworks. Yet, it shows what is at 

stake for engineers when giving up on the different meanings. Using these different 

meanings side by side facilitates the co-existence of different design methodologies. Hence, 

adopting one general conceptual framework for technology with one canonical meaning of 

function, would force engineers and design methodologists to rephrase the different design 

methodologies that employ the concept with other meanings. 

A conceptually ambiguous future? 

So, can technology evolve into a mature discipline of designing and still employ multiple 

conceptual frameworks? Can technology in this sense develop differently to science? Will 

we end up with a clear division where science aims at describing entities by means of one 

generally shared conceptual framework, and where technology aims at creating entities 

without needing such a conceptual framework? And how about technical science? Will that 

end up with a one generally shared conceptual framework?  

 

More specifically: what can we advice design researchers who build computer tools for 

assisting designing? They would like to have clear and unambiguous definitions of the key 

concepts used in designing, to have solid ground for developing, say, new CAD/CAM 

systems and advanced tools for archiving, retrieving and communicating (functional) 

designs. Should we inform them that they have to realise that such solid ground does not 

exist? Will databases for functions and functional decompositions always become obsolete 

when engineers change the meanings they attach to the concept of function?  

 

And which other questions does the possibility of a conceptually ambiguous future of 

technology raise? Those are the issues I would like to identify with this note. 
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Introduction 

In Organisms and Artifacts: Design in Nature and Elsewhere, Tim Lewens examines the role 

and value of the artifact metaphor for understanding the design of organisms and, to a 

lesser extent, for understanding the design of artifacts themselves. Lewens sketches an 

“artifact model for organisms” and an “artifact model for artifacts”, which models he says are 

“isomorphic”.
1
 In the use of metaphors or analogies, however, we can appear to find 

something that is similar to A in B, because our view of A has already been shaped by our 

understanding of B. This is the thought I explore in this paper: the extent to which Lewens’ 

models are shaped by a prior view of artifacts in terms of organisms and the framework of 

biological thought. From this same perspective, I also consider the idea of “natural design” 

as developed by Colin Allen and Mark Bekoff.
2
 Natural design is a heuristic for the design-

like features of the traits of organisms, based on intuitions about the design of artifacts. Is 

Allen and Bekoff’s heuristic congenial to the world of organisms, however, because that is its 

origin? Is there more to the ontology of artifacts than these exercises allow or consider? 

Lewens’ “Artifact Model for Organisms” and “Artifact Model for Artifacts” 

In Tim Lewens’ artifact model for organisms, “ancestral organisms” give rise to a set of 

“variants available for selection”, nominally S1, S2 and S3. The “constraints on variation” 

ensure that other possible variants, nominally S4, S5 and S6, are unavailable for selection. 

“Selective pressures” on the three available variants then result in the selection of S1.
3
 

 

In his artifact model for artifacts, a “single artificer” draws on her “cultural resources” to 

produce “candidate problem solutions” - again, nominally, S1, S2 and S3. The “limitations on 

candidates” ensure that other possible candidates, S4, S5 and S6, are unavailable or not 

produced for consideration. The “criteria for choice” - the equivalent of “selective 

pressures” - then eliminate S2 and S3 from the available candidates and S1 remains or 

becomes the “finished artifact”.
4
 

                                                             
1
  Tim Lewens, Organisms and Artifacts: Design in Nature and Elsewhere, (Cambridge, 

Mass.: MIT Press, 2004), pp. 45-46. 
2
  Colin Allen and Marc Bekoff, ‘Function, Natural Design and Animal Behavior: 

Philosophical and Ethological Considerations’. In N. Thompson (ed.), Perspectives in 

Ethology II: Behavioral Design, (New York: Plenum, 1995), pp. 1-46. 
3
  Lewens (2004), p. 45. 

4
  Lewens (2004), p. 46. 
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I raise three problems with these models. 

(i) Representational and realised designs: two modes of selection, two kinds 

of environment 

We think of an artifact such as a mousetrap as embodying design: the mousetrap, we may 

say, embodies its design. The design for such a mousetrap, however, is not embodied in the 

mousetrap; it is embodied, typically, in a set of drawings or a model (as well as in the 

designer’s head). The design of the mousetrap is thus represented in the drawings or model 

and realised in the built mousetrap. The purpose of the designer’s representation of her 

imagined mousetrap is to help bring into existence just such an artifact, the purpose of 

which, in turn, is to catch mice - unlike, say, an oil painting of an actual or imagined 

mousetrap, whose purpose would be aesthetic pleasure. The distinction I am suggesting 

here, then, is between what I shall call representational design, as in the design for a 

mousetrap, and realised design, as in a mousetrap built to this design.
5
 

 

Given these two kinds of design, we can distinguish two modes of selection and two kinds of 

environment in which, or in relation to which, selection occurs. Taking selection first, we can 

distinguish the selection of a design for an artifact from the selection of an artifact 

embodying this (or some other) design. So we distinguish the selection by a furniture 

designer or maker of a design for a new lounge chair, X, from the selection by a consumer 

of X (or of some instance or token of X), rather than of Y or Z, by the same or another 

furniture maker. Lewens’ artifact model for artifacts approximates the former mode of 

selection, the selection by the designer or maker of a design for an artifact that is then 

realised as the “finished artifact” (or artifact type). The artifact model for organisms, on the 

other hand, more closely resembles the latter mode of selection: a population of realised 

design variants of some novel organism or lounge chair is available for selection, and the 

relevant environment (nature, the market) selects one or other of these variants. 

 

Now consider how representational designs, such as the designs for buildings in Australia, 

are selected. If we ask, for example: ‘Where does the Building Code of Australia (BCA) fit 

into Lewens’ model for artifacts?’ then, on the face of it, the BCA is one of the “criteria for 

choice” for building designs in this country, the equivalent of a selective pressure on 

                                                             
5
  In the paper delivered in the table session at the CEPHAD 2010 conference, I used 

the terms ‘disembodied’ and ‘embodied’ for ‘representational’ and ‘realised’, 

respectively [Greg Bamford, ‘Disembodied Design and Selection: Problems for the 

Analogies between Organisms and Artifacts’, Copenhagen Working Papers on 

Design (2010 No. 1): 21-23]. But since ‘disembodied design’ has to be read in this 

case merely as ‘not embodied in the thing for which it is a design’, the latter pair is, I 

think, an improvement. In the session, Louis Bucciarelli suggested ‘unrealised’ and 

‘realised’, respectively, for which I am grateful. (‘Unbuilt’ and ‘built’ would be the 

common equivalent pair of terms in architectural discourse.) I have substituted 

‘representational’ for ‘unrealised’ or ‘unbuilt’, however, to avoid a possible confusion 

between the design for an artifact that is then realised or built as opposed to one that 

is not. ‘Representation’ is also more informative, reminding us of what such designs 

are about and thus also of the absent artifact problem – see Per Galle, ‘Design as 

Intentional Action: A Conceptual Analysis’, Design Studies 20 (January 1999): 57-81. 
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organisms. But Australian architects know quite a lot about what the BCA contains and so 

tailor their designs accordingly. Thus, the BCA would also be one of the “limitations on 

candidates” - a constraint on variation - in Lewens’ model. But the BCA consists to a large 

extent of solution fields for the features (or traits) of the building types it defines. For 

example, in Figure 1, the irregular hexagon defines the acceptable solution field for risers 

and goings of steps in public stairways. Thus, the BCA would also seem to be one of 

Lewens’ “cultural resources”, a kind of ancestral designer providing acceptable solution 

fields for aspects or elements of putative buildings in Australia. 

 

Figure 1. Solution Field for Riser and Going Dimensions, Public Stairways, Building Classes 

2 - 9, in the Building Code of Australia.
6
 

 

Turning now to ‘environment’, Paul Griffiths distinguishes two kinds of environment, 

“hypothetical” and “real”, in relation to the selection of the designs for artifacts. He points out 

that, for example, the tapered tail of an old-fashioned racing car was intended “to reduce its 

drag coefficient”, but that it failed to do so. The selection of this feature by the designer 

“occurs in a hypothetical environment constituted by the beliefs of the designer. When the 

designer has false beliefs about the real world this results in artifacts functioning well in his 

hypothetical environment when they do not function in the real environment.” The tail of the 

racing car performed its function, Griffiths suggests, “only in the mind of the designer”.
7
 

                                                             
6
  The Building Code of Australia (2008): Vol. 1, 202. In ‘Without a godlike designer no 

designerlike God’ (http://janmichl.com/), Jan Michl argues that in relation to intelligent 

design the plausibility of god as designer rests largely on the assumption of the 

designer as god. The BCA illustrates how much building design is a collective, 

historically based enterprise. 
7
  Paul Griffiths, ‘Functional Analysis and Proper Functions’, British Journal for the 

Philosophy of Science 44 (1993): 420-21. In relation to the selection of artifacts or 

realised designs, hypothetical environments also play a significant role. For example, 

consider the selection by a consumer of a new TV. This person may be content to 

replace his modestly sized TV with something similar, but he may also want to invite 

his friends around to watch important sporting matches - and all of them have large 

flat screen TVs. This novel possibility or hypothetical environment he both imagines 

and desires may then influence his selection of a TV. 
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The contents of the hypothetical environment in which, or in relation to which, a building 

design is selected include, in addition to a building code such as the BCA, items such as the 

client’s brief, the architect’s site analysis, local planning codes, the policies of any financial 

institution funding the project, national occupational health and safety legislation, and so on. 

Each of these elements of the hypothetical environment, like the BCA, is itself an object of 

design. Under natural selection, however, it is an indifferent actual or real environment that 

selects (untailored) variants of organisms or their traits. Hypothetical environments reflect 

the mental feature of intentionality: the BCA is about the buildings that would be certified or 

selected in this country; the client’s brief is about this one building proposal in particular, and 

so on. The BCA defines what is generally permissible in Griffiths’ real environment; the 

client’s brief defines what is wanted in this case in that environment. 

 

Can Lewens’ models be isomorphic? How coherent or helpful is the underlying analogy? 

(ii) Solution fields versus solution candidates 

Architects, and many other designers, do not typically produce the alternative solution 

candidates, S1, S2 and S3, that Lewens’ model for artifacts envisages. Industrial designers 

or stone-tool makers may do so. They produce type designs for many, often relatively 

inexpensive, tokens, and so it may be feasible or not uncommon in these practices to 

produce alternative solution candidates either as representational designs or as realised 

designs or prototypes. Photography is a paradigm case of such a practice. A photographer 

can effortlessly shoot many photographs of a subject, that is, she can realise many 

alternative solution candidates from which perhaps only one or two shots need be chosen. 

Architects, however, typically aim to produce just one (relatively complex and expensive) 

solution token. So Jørn Utzon did not produce alternative solution candidates for the Sydney 

Opera House, as representational designs, much less as realised designs, one after the 

other, on the site at Bennelong Point! The typical fare in discussions of natural selection, 

however, is of birds and their wings or earwigs and their penises, that is, of populations of 

organisms and their traits, as selected embodied alternative solution candidates or realised 

designs. And so corkscrews, knives or stone axes come to mind when comparisons are 

sought with artifacts, rather than one-off buildings, paintings or films. 

 

How, then, do architects typically design, if not by way of producing and evaluating 

alternative solution candidates? The emergence of representational design has been 

accompanied by the development of design skill, reducing or removing much of the need for 

alternative solution candidates, especially prototypes. Instead, architects (and designers 

generally) evaluate alternative solution fields, as candidates for further development or 

elimination in the design process. A designer’s sketch, for example, is a candidate solution 

field, not a candidate solution. Consider the architect who produces two alternative sketch 

plans for a house, an L-shaped plan and a C-shaped plan. If she chooses the former she is 

ruling out every C-shaped solution candidate, in advance of any such candidate being 

developed, and vice versa. The L-shaped plan is not a solution candidate, to show the client 

or take to a builder. At this stage, the sketch represents but a field of possibilities, the 

boundaries of which it loosely and provisionally defines, along with her other ideas for the 

project. 
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Architectural design is, in general, a process of narrowing or refining solution fields, and this 

is common practice in art and design. The sculptor who carves a figure from a block of stone 

or the painter who renders the landscape before him is engaged in a continual process of 

narrowing a solution field until a final image, the solution candidate, is achieved.
8
 So, there 

are not two missing, ready-to-build, Utzon designs, S2 and S3, for the Sydney Opera House. 

A winemaker can harvest her shiraz grapes and make the ‘2009 Solution Fields Shiraz’ - 

she need not divide the harvest into thirds, make three wines, choose the best one, and 

pour the other two down the drain. That would be the kind of wasteful production only nature 

can afford.
9
 

 (iii) The construction of design problems 

In designing the Opera House, Utzon constructed what he called the ‘problem of the fifth 

façade’ and produced a radical solution to it.
10

 The fifth façade is the roof. From many 

vantage points around Sydney Harbour, Utzon recognized that one would be looking down 

on the roof of any building on Bennelong Point. Roofs can be large, unsightly or 

uninteresting things when viewed in this way and so roofscape became an especially 

important consideration for him (although not, apparently, for many other competition 

entrants). The problem of the fifth façade may seem obvious, but it arose only because of 

the observations Utzon made in the context of the beliefs or preferences he held as an 

architect. 

 

Design problems in artifacts are not given; they are not imposed or set down by the 

environment, hypothetical or real. In John Searle’s terms, design problems are ‘observer-

relative’ or have a ‘subjective ontology’.
11

 It may invariably be the case that one of the 

design requirements for a prison is that its inmates should not be able to escape, but a given 

is not (yet) a problem in design. A given has to be understood and accepted by the designer 

to influence the design. Moreover, what forms of escape are common or anticipated? Is the 

advice of the prison authorities adequate in this regard? What is the importance of 

preventing escapes relative to the other requirements for the prison, in the context of the 

budget? And so on. 

 

                                                             
8
 See Gombrich on the art of illusion in Ernst Gombrich, Art and Illusion: A Study in the 

Psychology of Pictorial Representation, 4
th

 ed., (London: Phiadon Press, 1972). 
9
 Francisco Ayala, ‘Design without Designer: Darwin’s Great Discovery’. In William 

Dembski and Michael Ruse (eds.), Debating Design: From Darwin to DNA, 

(Cambridge: Cambridge University Press, 2004), pp. 70-71. Solution fields introduce 

economy and efficiency into design compared with solution candidates, considered 

either as representational or realised designs. 
10

 Sydney Opera House: Nomination by the Government of Australia for Inscription on 

the World Heritage List 2006. (Canberra, ACT: Australian Government Department of 

Environment and Heritage, 2006), p. 30.  

http://www.sydneyoperahouse.com/uploadedFiles/About_Us/Ad_Hoc_Information_P

ages/WorldHeritageNominationDocument.pdf. 
11

 John Searle, The Construction of Social Reality, (London: Penguin, 1995), pp. 9-23. 

Searle holds that functions in both artifacts and organisms are observer-relative, so 

design problems, even in organisms, would be likewise.  
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What I have elsewhere called a meta-problem is an acute example of problem construction. 

Consider a premature babies’ ward twenty years ago that looked and functioned like a 

laboratory, with the babies mere extensions of the machines that kept them alive. If the 

hospital decided to extend the ward, and no-one challenged the existing state of affairs, it is 

likely the brief for the extension would presuppose an environment of just the same kind. But 

suppose that someone were to ask (as someone did in a similar case), ‘Might the babies not 

do better if the ward were less like a laboratory in appearance and operation and more like, 

say, a nursery?’ This question implies there is a problem with the brief itself, and thus with 

any solution to it that might otherwise be considered appropriate. I call this kind of problem a 

meta-problem. The solution to a meta-problem is not a design, but a revised brief or a 

revised design problem.
12

 In the end, designers and their clients negotiate and construct the 

problems they would solve.
13

 

 

Lewens provides an example of a limitation on a solution candidate for a design problem 

that indicates a quasi-objective view of problems. He points out that “the Greeks would not 

have thought to use PVC” for furniture covering. In a similar vein, Paul Griffiths says: “In 

biological competition, there is only a certain range of available alternatives. Maori canoe 

designers did not have to consider the idea of the winged keel. It was not part of the 

‘population’ of designs that were in competition at the time.”
14

 The Greeks or the Maoris 

could not consider such options because they did not know about them. But solution 

candidates for artifacts are constrained not only by what you cannot consider but also by 

what you refuse to consider.
15

 For example, an architect who believes that the manufacture 

of PVC has an unacceptably deleterious effect on the environment may refuse to consider 

PVC pipe, even though it may be readily available and would otherwise be the ‘preferred 

solution’ to the problem in hand. PVC pipe, we might say, doesn’t make the short list. 

 

Designers routinely constrain themselves in defining their problems or shaping their solution 

fields, often quite severely. Indeed, self-imposed, restricted palettes are an enduring feature 

of much good design, even if the writer George Perec may not have benefited much from his 

curiously self-imposed constraints. According to Jon Elster, in Perec’s novel, Les 

Revenentes, the only vowel he employed is the one found in his name, ‘e’, whereas in 

another of his novels, La Disparition, ‘e’ is nowhere to be found!
16

 

 

                                                             
12

 See Greg Bamford, ‘From Analysis/Synthesis to Conjecture/Analysis: A Review of 

Karl Popper’s Influence on Design Methodology in Architecture’, Design Studies 23 

(May 2002): 253. 
13

 Steve Harfield, ‘On the Self-Construction of Design Problems’ In Connected: 2007 

International Conference on Design Education 9-12 July 2007, pp. 1-5. Sydney: 

University of NSW. 
14

 Griffiths (1993), p. 419. 
15

 Barry Schwartz argues that consumers are often presented with daunting ranges of 

choice such that it is both rational and emotionally healthier to resort to conventions 

or practices that place a priori restrictions on such ranges. See Barry Schwartz, The 

Paradox of Choice: Why More is Less, (New York: Harper Collins, 2004). 
16

 Jon Elster, Ulyses Unbound: Studies in Rationality, Precommitment and Constraints, 

(Cambridge: Cambridge University Press, 2000), p. 175. 
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As an analogy for design problems and solutions in artifacts, how far do we get with Lewens’ 

idea of problem setting and problem solving in organisms - “a multiplicity of selection 

pressures, with organismic possibilities determining which might be answered”?
17

 

Natural Design 

“Natural design”, according to Colin Allen and Marc Bekoff, “entails both the possession of 

biological function and a history of progressive structural modification under natural selection 

for improved performance of that function.”
18

 Thus, “to say that the wings of (most) birds are 

designed for flying is to say that (i) enabling flight is a biological function of bird’s wings’ and 

(ii) extant morphological forms of such wings are the result of natural selection for variants 

that were better adapted for flying than earlier forms.”
19

 For others like Philip Kitcher, such 

progressive structural modification of the wing is unnecessary and function alone is sufficient 

for design.
20

 

 

Allen and Bekoff appeal to artifacts to explicate their idea of design. In a drinking 

establishment called the Dixie Chicken, they tell us: 

 

Stag’s heads function as wall decorations. They are clearly not designed for that 

purpose (although the stags’ heads were presumably put on the wall, intentionally, 

hence by intent-design.) Likewise, the function of a rock on a desk may be to hold 

down loose papers, but unless the rock has been modified by, for example, having a 

flat base chiselled into it, it is not appropriate to say that this object was designed for 

the purpose of holding down papers. Thus, having a function does not entail being 

designed for that function.”
21

 

 

It is true that Allen and Bekoff’s unmodified rock has not been designed or shaped as a 

paperweight, which is now its function. Nonetheless, the mere relocation of a found object 

can be the extent of an act of design. The first person to use a safety pin as an earring - as 

                                                             
17

 Lewens (2004), p. 85. 
18

 Allen and Bekoff (1995), p. 3. 
19

 Colin Allen and Marc Bekoff, ‘Biological Function, Adaptation and Natural Design’, 

Philosophy of Science 62 (December 1995): 616. 
20

 Philip Kitcher, ‘Function and Design’. In Colin Allen, Marc Bekoff and George Lauder 

(eds.), Nature’s Purposes: Analyses of Function and Design in Biology, (Cambridge: 

Cambridge University Press, 1998), p. 479. 
21

 Allen and Bekoff, 1995, p. 33. It is true that the heads of stags are not designed to 

decorate the walls of American bars, but it is false that these decorative items have 

not been designed, by the taxidermist. Allen and Bekoff (December 1995: 614) 

repeat this argument with the example of a stuffed bear in a ferocious pose and they 

acknowledge that the pose is designed. In making, however, materials are 

sometimes used ‘raw’ or as found; often they are used as manufactured or treated; 

and sometimes they are used as manufactured or treated so as to resemble their 

original as found state. The stag’s heads in the Dixie Chicken and the seemingly 

ferocious bear are instances of the latter. It is true that stags and bears are not 

designed for human use as decoration, but nor are trees designed for posts or 

beams, clay for bricks or the sun for the pattern of shadows it may be co-opted into 

casting on a facade. 
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ironic body adornment - I would count as a designer. This point should be clear when 

several such objects are involved, for example, when found objects such as shells, seed 

pods, driftwood or pebbles are composed or arranged for display in a bowl or on the mantle-

piece of a holiday house. To fail to see that such compositions are designs, even though 

none of their elements has been designed, is to fail to see the wood for the trees.
22

 There is 

not just the bare intention here (so-called intent-design) for these objects to be visible. A 

collector decides how and where the objects will be displayed, how they sit in relation to one 

another and how this composition affects how the objects are likely to be viewed, seen or 

noticed in the holiday house. Figure 2 illustrates how the architect, Rex Addison, strung 

necklaces of fishing sinkers to act as counterweight cord pulls for timber screens to the 

rooflight vent of the living room of their house. 

 

Figure 2. Designing and Matching: Sinkers as Counterweight Cord Pulls for Timber Screens 

to a Rooflight Vent, Living Room, Taringa House, Brisbane.
23

 

 

 

 

In the famous Ryoan-ji sand garden in Japan, the placement of fifteen nondescript rocks or 

stones is the central feature of that design.
24

 Lorraine Kuck provides a detailed analysis of 

this composition in terms of balance and rhythm. Under the latter category, she remarks of 

the sense of movement in the composition as follows: 

 

It hardly seems possible, indeed, that stones could convey such dynamic feelings as 

these do. In general, there is a strong sense of flowing movement from left to right, 

                                                             
22

 Allen and Bekoff (December 1995: 614). 
23

 Rex Addison, architect. http://www.rexaddison.com.au/. 
24

 Lorraine Kuck. The World of the Japanese Garden: From Chinese Origins to Modern 

Landscape Art, 1
st
 ed., (New York: Walker/Weatherhill, 1968), p. 164. 
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the conventional direction. If we think of the garden as a river, there is no doubt in our 

mind in which direction it is flowing. From the largest group on the left, the others 

seem to taper away, but direction is indicated also by a subtle obliquity of direction in 

the position of the stones. Those that are upright are not exactly perpendicular but 

slant slightly to the right, while all the long, reclining stones seem to point in the same 

direction. There is just one exception to this directional movement; the fourth group 

from the left is definitely reversed in direction and straight upright. It is as if it were 

standing against the current.
25

 

 

One last example: suppose a group of design students are asked to walk through a forest or 

along a beach in search of objects that, as found, would serve the general function of a 

paperweight by some means other than the continuous application of their mass acting 

under gravitational force - so, not paperweights. This is now a design problem. The students 

will need to imagine novel forms of restraint and perhaps novel conditions of use as they 

inspect their surroundings for likely objects. So, could this unusually shaped piece of 

driftwood be a kind of cage for a stack of paper? In lieu of the fridge magnet that pins our 

household bills to the side of the refrigerator, would this tangle of little branches, arranged in 

a vase on the kitchen bench, snare those same bills, perhaps rolled or folded, and keep all 

of them more attractively in view so we might remember to pay them on time? 

 

The explanation for the absence of design in the case of Allen and Bekoff’s intact rock as 

paperweight is that we have only to recognize or assume that the rock in question will satisfy 

our requirements, under the relevant conditions, to be selected. Thus, design is not called 

for in that case – there is no problem solving or novelty involved.
26

 Conversely, modifying a 

rock to make a better performing paperweight need not entail design. The properties of 

many objects are routinely modified to satisfy our purposes without involving design, as 

                                                             
25

 Kuck (1968), p. 166. 
26

 Four conditions for producing a design, D, for an artifact, or a type of artifact, A, are: 

(i)  Representation I produce a design, D, to represent A … 

(ii)  Purpose …  such that A would satisfy some set of requirements, R, 

under conditions, C. 

(iii) Problem-solving For me, satisfying R under C is a problem for which… 

(iv) Novelty … D is a novel solution candidate for A. 

 ‘R under C’ constitutes the constraints on D. Condition (ii) eliminates day-dreaming; 

(iii) eliminates already knowing or assuming what will satisfy R under C; (iv) 

eliminates copying or selecting an existing solution. A note on intelligent design: on 

the above four conditions, design, as we know it, seems like an exercise in pandering 

to our weaknesses and compensating for our dismal limitations! We design only 

because we are dissatisfied with existing states of affairs and the existence of 

problems implies ignorance or uncertainty, however temporary, on our part. Our 

hearing and our sight begin to fail and we can’t bear the consequences, so we design 

ear trumpets and eye glasses to prop up these failing senses. Not much of a 

template for super-human activity? For a more detailed account of (roughly) the 

above four conditions, see Greg Bamford, 'Design, Science and Conceptual 

Analysis.'  In Jim Plume, ed, Architectural Science and Design in Harmony: 

Proceedings of the joint ANZAScA / ADTRA conference, Sydney, 10-12 July, 1990, 

pp. 229-38.  Kensington, NSW: University of NSW School of Architecture, 1991. 
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making a cup of tea illustrates. I am familiar with the procedure or recipe for modifying the 

properties of water, tea leaves, kettle, cups, and so on that is required, and I simply enact 

that procedure or follow that recipe. I just make the tea; I do not design and make it. 

 

To sum up, we can design leaving objects intact - designing and matching, for example, 

(finding objects to match our ideas), rather than designing and making (transforming objects 

or materials to bring them into line with our ideas). As the safety pin as earring and the 

fishing sinkers as cord pull illustrate, and as Searle makes plain, semantic functions can be 

imposed on physical objects without changing their intrinsic properties, or indeed even their 

relational properties.
27

 This is a distinctive and familiar feature of children’s games (‘That pile 

of dirt is the pirate ship and this pile is an island …’, and so on).
28

 On the other hand, we can 

intentionally modify objects to better suit our needs without designing anything. Natural 

design theorists like Allen and Bekoff overlook these complexities presumably because 

representational design is effectively absent from their analogy and natural selection acts on 

physical variations. In natural design, there is designing only if there is making (or realising) 

and selection, but an artifact can be designed without being realised or realised without 

being selected.
29

 

Conclusion 

In the study of artifact design, we need to distinguish representational from realised design, 

and a hypothetical from a real environment. We need to recognize the function of 

hypothetical environments in the selection of representational (and realised) designs, the 

emergence and function of solution fields in representational design, and the dependence of 

design problems on our beliefs about the world and how we want it to be. Understanding the 

design of artifacts is an empirical inquiry, no less than is the understanding of how and why 

organisms are as they are or come to be that way. 

 

I have attempted above to sketch some of the elements or aspects of a conceptual 

framework for this task, by way of a contrast with what I see as the limitations of some 

biological analogies in this regard. This is not to say that unified accounts or comparisons of 

function, use or design should not be attempted for organisms and artifacts, but it is to 

identify those features of artifacts and how they come about that any such account needs to 

accommodate or explain. 
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 Applying Sen’s capability approach to technological 
artifacts & engineering design – accounting for human 
diversity (revised & extended version) 

 

 CEPHAD 2010 // The borderland between philosophy and design research // Copenhagen // 

January 26
th

 – 29
th

, 2010 // Master class session 

Ilse Oosterlaken // 3TU.Centre for Ethics and Technology // Delft University of Technology 

// e.t.oosterlaken(a)tudelft.nl 

Project outline 

The presentation slides shown in the Appendix offer a brief outline of a part of my ongoing 

ph.d. project (see slide 1). Central in my project is the so-called ‘capability approach’ 

founded by Amartya Sen and Martha Nussbaum. Let me start by explaining this approach in 

some detail (see also slide 2). 

The capability approach 

The capability approach is a philosophical framework that can be used to think about, to 

assess and to evaluate individual well-being, as well as social arrangements and policies. 

This approach ascribes central importance to human capabilities as the evaluative space of 

justice and equality. It views the expansion of human capabilities as both the means and 

ends of development. Human capabilities are often described as the real opportunities or 

positive freedoms of people to enjoy valuable ‘being and doings’, referred to as human 

functionings. 

 

The capability approach is thoroughly normative, since it demands (political) action, aiming 

to bring people to at least a certain threshold level of human capabilities, capabilities 

necessary for people to “live the lives that they have reason to value” (Sen 1999), to lead a 

dignified and “truly human” life (Nussbaum 2000). The capability approach will hold that a 

policy or action that expands valuable human capabilities is, ceteris paribus, better than an 

action that does not do so. 

 

The capability approach contrasts human capabilities with alternative ‘spaces of equality’, 

like preference satisfaction or resources. The latter is rejected because of the so-called ‘fact 

of human diversity’. This is a central theme in the literature about the capability approach: 

people differ greatly in both their personal characteristics and their social/environmental 

circumstances. Hence, the same (amount of) resources may lead to very different human 

capabilities for different people.  

Technology, design and human capabilities 

Technological artefacts are resources that are sometimes mentioned, but not really 

discussed in the mainstream literature on the capability approach (see slide 3). Elsewhere 

we have argued that there is a close and intimate relation between human capabilities and 

technologies, the latter are a very important tool to expand the former (van den Hoven and 

Oosterlaken 2008). We have proposed that engineers should think more about how 
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technologies can be made to contribute better to the expansion of valuable human 

capabilities. I have introduced (Oosterlaken 2009, see slide 4) the phrase ‘capability 

sensitive design’ – analogue to the existing idea of ‘value sensitive design’ - to capture this 

idea. One suggestion that I made in that article is that capability sensitive design may share 

characteristics with or embrace existing design movements like participatory design and 

universal design. Yet what capability sensitive design would entail precisely is a matter that 

requires further investigation and reflection, both on a theoretical and more practical level. 

Accounting for human diversity 

Currently I am exploring some theoretical building blocks for applying the capability 

approach to the domain of technical artefacts and engineering design, as outlined in the 2
nd

 

part of the presentation (slides 5-10). The central question is: 

 

How can we connect the capability approach – with its emphasis on the fact of 

human diversity – with our (philosophical) thinking about technical artefacts / design? 

 

I have identified three closely related areas (slide 5) where the fact of human diversity may 

be relevant (see slide 11 for a clarification of some terms). Basically, my approach is to 

confront the work of authors from different disciplines with one another. For example: 

 

1. Amartya Sen (1995) (capability approach) is dissatisfied that a bicycle is routinely 

characterized as a transportation device, even though it is no good to a handicapped 

person. A philosopher of technology would recognize this as a layperson making a 

statement about function ascription. How can we appreciate Sen’s statement as 

philosophers of technology? (slides 6-7) 

 

2. Ingrid Robeyns (2005) claims that within the capability approach we are not 

interested in the materiality of artefacts like bicycles. Yet the universal design 

movement has shown that they should be. This movements aims for artifacts that 

take the fact of human diversity very much into account (Nieusma, 2004). These 

designers anticipate, one could say, that the ‘conversion factors’ mentioned by the 

capability approach may be such that valuable human capabilities do not 

automatically arise for some users.  Perhaps capability theorists have insufficiently 

understood the nature of technical artifacts and engineering design and are therefore 

not appreciating enough the potential of design as a way to deal with human 

diversity? (slides 8-9) 

3.  

The appropriate technology movement  was also very much aware of the fact of 

human diversity, another design-oriented movement that the capability approach has 

so far not picked up on. Yet a lack of conceptual clarity and theoretical foundations 

that can also be acknowledged by outsiders of the appropriate technology movement 

is one of the reason why it has apparently failed (Willoughby, 1990). Philosophers of 

technology could help out here, for example by giving a better account of what is 

meant by statements like ‘x is an appropriate artifact’ (slide 10).  

 

This research has been made possible by a grant from NWO, the Netherlands Organisation 

for Scientific Research. 
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APPENDIX: Presentation slides 
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Slide 9 
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Slide 11 
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