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A remark about Francisco Varela provides the occasion for some thoughts about the 
usefulness of history in understanding differences between kindred theoretical 
approaches, in this case Varela's and Maturana's work on autopoiesis and my own on 
developmental systems. The roof, walls and floors of the title stand in for the various 
kinds of boundaries that so often distinguish such approaches. At the same time, these 
architectural features invoke the metaphor of construction, highlighting the dynamic 
nature of developmental and evolutionary processes. A brief overview of 
Developmental Systems Theory’s treatment of those processes leads, finally, to some 
speculations on representations in science.  

 

After the Chilean biologist Francisco Varela died prematurely in 2001, one of his friends wrote,  

“Francisco no tiene techo.” He has no roof. Varela’s wife, Amy Cohen says, “I always liked this 

metaphor because it invokes the notion of a construction, but a paradoxical one. The foundations 

are there, the structural walls and beams, but without a roof it is unfinished and thus presents 

unlimited possibilities; it is exposed to the elements and thus necessitates inventiveness and 

flexibility.”   

This passage provides the pretext for my remarks today, not only by providing a lovely 

image for me to play with, but also by naming a scholar whose work I will briefly discuss, by way 

of suggesting, among other things, that a historical perspective can be useful in understanding how 

the scientific representations we choose both help and hinder our exchanges with others. I’ll begin, 

then, by introducing my perspective on development and evolution, known as Developmental 

Systems Theory, or DST, and saying what it could mean for development to occur without a roof 

(or other apparently essential features). Although this introduction will be rudimentary, it will give 

you a sense of the style of thought that characterizes DST. After taking a brief look at the 

relationship between my work and that of Varela and his mentor and former collaborator, 

Humberto Maturana, I‘ll move on to some more general thoughts on scientific representations of 

biological and psychological processes.  
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Roofs and Walls 
My main goal here is to take what seems a bizarre idea, building without roof, walls, or floor, 

indeed, without even a builder, and to persuade you that it can not only be made intelligible, but 

that it can be a sensible way to look at certain biological processes. Like other boundaries, ceilings 

and walls are symbolically resonant. They simultaneously indicate kinship and difference, 

inclusion and exclusion, containment and escape, protection and exposure. Think of “glass 

ceilings,” those invisible barriers that block the professional advancement of certain groups of 

people, or the membrane around a cell nucleus. Yet life is possible only because that membrane is 

permeable. A nucleus or cell not only exists within larger worlds, it has many kinds of commerce 

with them, and once we start noticing openings in this or that perimeter, there is no end. 

In short, a certain kind of unboundedness characterizes the lives of organisms in general. 

This is not to say that possibilities are infinite (despite the poetic license of Cohen’s remarks about 

her late husband), but that there is a way of conceptualizing these processes that does greater 

justice to biological openness and contingency than has generally been the case.  

My task is to make sense of this odd figure, of development without roof, walls, or floor; to 

that end, let me quickly sketch the framework on which, and within which, I have worked most of 

my professional life.  

Developmental Systems 
Much of my speaking and writing has been about the politics of boundaries. "Politics" here 

includes many kinds of influence, but especially the power to define and privilege, encompass and 

categorize. Any theory legitimates some entities and distinctions while making others invisible or 

unthinkable. My own approach to development and evolution is based on the idea of a 

developmental system. This is a changing complex of heterogeneous elements, including the 

organism itself, but also all those aspects of its surroundings—biotic and abiotic, social, 

ecological--that affect its development and survival. The organism is part of a larger system that 

produces, maintains, and changes it. The makeup of a developmental system varies over time and 

across individuals. Its boundaries are fluid, because organisms and their worlds change, but also 

because the practicalities of scientific study dictate particular inclusions and exclusions. I call such 

a developmental complex a system because its constituents, or interactants, are causally 

interconnected and interdefined. What counts as an interactant, how it works, and what effects it 
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has, depends on the larger complex, and on the point of view of the investigator. This is a minimal 

notion of system, however extended it may be, in that it doesn’t assume causal autonomy or 

homeostatically tight regulation, though substantial regularity is necessary for there to be an 

organism at all.  

Note that the system here is not identified with the organism itself. Note also that, some 

scientists’ protests notwithstanding, causal interdependence in such a complex invites most of the 

usual kinds of research and some others besides. No class of interactants, however, is privileged a 

priori as the bearer of form or the locus of causal control. Such explanatory “asymmetries” 

generally involve a hierarchy of significance or power: form vs. mere raw materials, specification 

vs. triggering, control vs. perturbation, innateness vs. learning, and so on. The concept of a 

developmental system was an alternative, in fact, to a plethora of categorizations and assumptions 

whose historical embeddedness allowed them to persist despite their ultimate incoherence. 

Certainly innateness is notoriously ambiguous (maybe not notoriously enough), in mischievous 

ways. Yet it continues to be indispensable to investigations in a host of disciplines. Why? The 

reasons, I suspect, include something like what Inman Harvey (in press) astutely observed about 

mental representations: that people are irritated at even being asked about them because a 

representation is generally used as an explanans, not an explanandum. I encountered this 

annoyance time and again as I tried to get at precisely what people meant when they said 

something was innate, biological or genetic (or, believe it or not, physical as opposed to mental). 

They would countenance an evolutionary explanation for innateness, but a developmental one, at 

least anything more than a genetic program, seemed a contradiction in terms: the innate has been 

thought of as that which need not develop because it is already present (encoded, prefigured, or 

otherwise represented) in the genes.  

DST turns innateness, along with its fellow travelers nature, biological base, and so on, 

precisely, into explananda—phenomena to be explained, and developmental explananda at that, 

not only evolutionary ones. Rather than allowing innateness to define that which is already there 

and can thus be taken for granted, DST asks, how does it develop? This opens up other questions: 

What conditions must be in place for the necessary interactions to occur? How stable are those 

conditions across a lifetime or across generations? How does that stability recur or falter? To 

what extent, and how, do the organisms contribute to, arrange, or compromise that stability? 

What kinds of indirect loops, perhaps through the impact of other species on the developmentally 
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relevant environment, are involved in these repeatedly reconstructed life cycles (many of which 

can be found nested within larger cycles)? Much of the work in present developmental, 

evolutionary, and ecological studies can be reframed in this way. Especially apt are the multiple 

inheritance systems of Jablonka and her colleagues, as are findings from the areas of niche 

construction, symbiosis, and coevolution. In DST we classify explanatory factors with an eye to 

the roles they actually play in the developmental emergence of the phenomenon of interest, even if 

this means disrespecting certain conventional boundaries, including those around the organism 

itself.  

A Turn Through Time 
Among the notable boundaries that are grist for the developmental systems analytic mill are those 

traditionally separating nature from nurture, genes from environment, biology from culture, 

organisms from environments. Faced with these oppositions, we refuse the usual “resolutions” 

(both are important, it’s really a continuum, etc.) and do something rather more peculiar. Consider 

the Möbius strip: a 2-dimensional ribbon that acquires its odd characteristics (only one edge, only 

one surface) by taking a turn through the 3rd dimension. More outrageously, a Klein bottle is the 

theoretical entity produced when a regular 3-D vessel takes a turn through a 4th spatial dimension. 

The result, conveniently enough for the present discussion, is a wondrous object whose inside is 

also its outside.  

Now imagine taking the “nature” end of the traditional nature-nurture “continuum” or 

“dimension” and giving it a turn through time. The result is no longer two points at opposite ends 

of a line, or two causal loci, one inside the organism and one outside. Instead of this 

developmental dualism, which produces the static biological nature of traditional understandings, 

we have a nature that is fully developmental, fully embodied and lived, with all the mutability and 

variability that characterize the world of actual organisms. This nature isn’t hidden in the 

genotype; it is the phenotype in space and time. It is multiple, contingent and changing—the 

organism moving through its life and its worlds, at once the changing product of nurture, that is, 

of development, and an important part of the processes that constitute development. Nurture, then, 

becomes all developmental interactions over that lifetime, development, or epigenesis, construed 

here as being continuous with life. [overhead] 
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No longer associated with the arbitrary, the learned, the "acquired" or the malleable, nurture 

is nothing less than the ongoing processes of development. It produces both the typical and the 

variable aspects of the organism, the phylogenetically conserved and the novel, the stable and the 

fluid. Instead of being restricted to the “transmission” of genes, evolution becomes, in one 

definition I have used, the derivational history of these organism-environment complexes. Here’s 

another: Evolution is change in the constitution and distribution of developmental systems. 

[overhead] These definitions restore a vital fullness to the processes that the formalizations of 

population genetics reduce to an abstract “gene flow,” a flow that tends to instrumentalize mere 

organisms and ignore their development, to say nothing of the developmental worlds without 

which genes, flowing or not, could hardly exist, much less function. 

Once nature is pulled through the dimension of developmental time, it can’t be contrasted 

with nurture. Related as product and process, they are no longer of the same logical type. 

Organisms contribute to their continued development by their own form and function, even as 

form and function are being developmentally transformed, in concert with their developmental 

environments. In this view a plant or animal isn’t explained by encoded representations in its 

chromosomes. An organism’s nature is just the organism itself, in whatever worlds it lives. Never 

static, natures emerge in time and space. They have no existence prior to or separate from concrete 

living organisms in their concrete, often living, surroundings: no Platonic ideals here, no 

underlying reality more basic than the being itself, no instruction manuals, programs, or tiny 

engineers in the cell nucleus.  

 Insisting that biological nature has a developmental story as well as an evolutionary one 

dislodges it from its traditional role as keeper of organismic essence. This is, in fact, where I want 

to remove the floor from our metaphorical edifice: floor understood as fundament, ground, the oft-

invoked biological base. I contend that one of the virtues of the developmental systems approach 

is that it does away with the implicit essentialism and preformationism of so much biological 

thought.  

A developmental system has no distinct boundaries, not only because it changes, as I said, 

but because it extends out from the organism itself, to encompass climate, other organisms, 

habitat, and other developmentally important aspects of the niche, much of which it seeks, alters, 

or constructs. Hence development without walls. In addition, as Varela, Thompson & Rosch 

(1991, p. 148) and Hendriks-Jansen (1996, p. 55) argued, the world isn’t “pregiven”; it doesn’t 
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appear on our doorsteps, conveniently labelled or “preregistered.” The organism’s world is co-

constructed with it; scientists give it a provisional definition by limiting the scope of the study. 

Of course, there are no ideas or practices without limits. I don’t pretend to be speaking from 

a utopian all-encompassing, God’s eye view, but I do think that at this juncture in our engagement 

with questions of development and evolution, such a reframing could have a salutary effect. 

Scientists readily admit that the conditions of development can affect the organism. Yet they 

frequently adopt the powerful representational convention of placing such conditions outside the 

focal system, as a source of nutrient, support, perturbation and inflection, while insisting that the 

genotype determines the range or limits of such effects. But suppose we were to take 

interdependence more seriously: if the effect of any constituent of the system is dependent on the 

others, what sense does it make to say that potential or limits reside in just one set of elements, far 

less that those limits are fixed at conception? Any interactant limits or enables possible outcomes 

given the rest of the system at that time, a point familiar to anyone raised on the experimental 

method. This last is not just sarcasm: I want it understood that however exotic certain aspects of 

my scheme may appear, the standards of consistency and rigor I invoke are the bedrock of 

conventional practice. I just want to apply them in places that generally escape notice. 

 My title does away with roofs as well, something Amy Cohen implied when she spoke of 

the possibilities of a house still open to the sky. Indeed, constraints, limits, or ceilings are often 

associated with the genetic control of developmental outcomes. The notion of an encoded nature, 

of futures prescribed—already written—in a cell, implies a potential fixed at conception. Yet it 

would seem that potential must be a developmental notion—it emerges, changes, and diminishes, 

as a function of changes both inside and outside the organism, as events alter the possibilities for 

further events. 

Ceilings and walls imply construction, which is also central to developmental systems work. 

But it is a particular kind of construction: There’s no constructor, no prior plan, not even the 

much-loved genetic program or blueprint. Developmental or phenotypic regularity, when it is 

found, is accounted for not by central control, but by linked interactions that must be investigated, 

not assumed.  
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Drawing Lines 
Having sketched this systems approach to development, and having made it clear that system here 

refers to quite an extended causal complex, let me distinguish explicitly between drawing a line 

around an entity and drawing a line around the causal system that produces and includes it. 

[overhead] This distinction seems to be difficult to maintain, judging from the frequency with 

which I am said to believe that organisms are developmental systems. Instead, organisms are parts 

of the systems that make them and that they help make. This way of representing developmental 

interactions, as occurring within a network that extends well beyond the organism itself, troubles 

some people. They don’t dispute the existence, or even the indispensability, of the multitude of 

interactions between organisms and their surroundings, yet they feel the need to maintain a 

theoretical asymmetry across the boundary of the skin: informing genes on this side, supportive, 

modulating or interfering environments on that side, prefixed potential on this side, selector of 

outcome on that side, fixed biology here and mutable culture there.   

My objection is obviously not to the representing of inside-outside relations per se, but to the 

kind of representation chosen, and to the assumptions and implications that go along with those 

choices. As I have often argued, internalist privileging (or, for that matter, externalist privileging) 

turns an interaction in which many things can influence the outcome into one in which the 

contributions of one are said to be somehow more fundamental or formative than those of the 

others. Such causal hierarchies reflect prior commitments that can and should be challenged. 

Lines Around Entities   

I make this distinction, between bounded entities and bounded systems, as a way of contrasting 

others’ work with my own, but neither line, around a biological object like an organism, or around 

its developmental system, is easy to draw. Think of clones, colonial organisms and symbionts, or 

the splendid slime mold. Think of conjoined twins and multiple personalities, or of organ 

transplantation and prosthetics.  

Consider the infinitely long coastlines described by mathematicians who point out that 

shifting scales, from bays and peninsulas to inlets and promontories, and then to smaller features 

such as beaches, pebbles, and sand, inexorably increases the distance one must trace between two 

locations (Mandelbrot, 1983, ch. 5). If we follow an animal's skin to its transition to the mucous 

membrane of the mouth and throat and beyond, in a kind of topological analogy to the fractal 
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coastline, we can ask whether our gut symbionts are inside or outside of us. A particle of food 

could be considered inside once it has been chewed, swallowed, or absorbed into the blood stream 

or into a cell; but one of our cells similarly resolves, if we look closely enough, to a maze of 

structures, channels and pores, constantly changing their configurations and traversed by frantic 

traffic. Again it becomes difficult to say what’s absolutely inside and what’s outside.  

Lines Around Causal Complexes     

As I’ve already indicated, the boundaries of a developmental system are no more fixed or clear 

than those of the organisms themselves. The extent of a system changes over time and depends on 

the investigation. From the developmental systems point of view, whether we are speaking of 

cells, organisms, or groups, however they are individuated, we must include the context in the 

explanatory complex, and not only as a container or a causally secondary set of influenes or 

materials, but as constitutive of the processes and products in question. 

Theories, Boundaries, and History 
People surveying systems approaches in biology have noted a certain kinship between my work 

and that of Varela and Maturana. I believe the similarity is real, but we differ, among other things, 

on certain boundary issues. Maturana and Varela are known for their central concept of 

autopoiesis--self-making. It refers to the “autonomous” character of certain biological entities--to 

their ability to define and produce themselves by their own dynamics. Such a system is defined by 

its functioning. It is not causally independent of its environment, as the term “autonomous” might 

suggest, but becomes differentiated from its surroundings by its own operation.  

These self-generating and self-specifying systems involve complex interdependencies, 

networks of relationships changing over time, and emergence without preexisting plans, so it’s not 

surprising that, during a certain period, Francisco and I tended to find ourselves on the same 

panels at conferences. Yet despite considerable overlap between the approaches, the two 

literatures have never, to my mind, fully negotiated their relationship to each other, although I 

made a quite limited effort in 1999, and Varela’s colleague Evan Thompson (2007) has recently 

published a much more penetrating one. 

An autopoietic entity simultaneously specifies its surroundings and determines their impact 

upon itself. In their 1987 (pp. 86, 97) book, The Tree of Knowledge, Maturana and Varela wrote, 

"[I]t is the structure of the unity [biological entity] that determines its interaction in the 
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environment and the world it lives in." In their view, outside influences "trigger," but do not 

"instruct" changes in an autopoietic system. These descriptions, in contrast to those of 

developmental systems, are thus quite emphatic in privileging internal dynamics over external 

perturbations. Although their internalism is not of the usual central-control type, and invokes no 

preformed essences, the distinction between self-defining autopoietic entities on the one hand and 

self-organizing developmental systems on the other invites some attention. [indicate overhead 

again] This is so even though I just pointed out that the specifics of line drawing in any particular 

case may not be easy. 

Someone wanting to compare the two approaches could draw a Venn diagram, looking for 

shared features and commitments. But note: the self in “self-organizing” is in one case the entity in 

question and in the other, the larger system of which that entity is a part. Again we confront the 

difference between a biological unit and the causal system that produces it.  Also, a friend has 

reminded me that such sets of partially overlapping spaces have no representation of time.  

Having insisted that organismic nature has a developmental history, I will now make the 

unoriginal observation that history, in this case personal/intellectual (all embedded in larger 

settings I will not address), can be an important ingredient in such theoretical comparisons. It may 

help us understand the difficulty I sometimes felt in moving beyond the evident sympathies 

between these two traditions to a satisfying discussion of our differences.  

I began my own scholarly life with the nature-nurture problem in psychology, linguistics, 

and the social sciences. There I found all sorts of messily interlocked inside-outside dualities that 

were deeply troublesome, intellectually, scientifically and often socially. This led me to emphases 

that are different from those of Maturana and Varela, at least during the mid-80s and the 90s. We 

often seemed to be making many of the “same” points in different ways, but their preoccupation 

with self-production, unity, and identity, with the elaboration of an interior point of view that 

explicitly excluded relations with the environment (again from Tree of Knowledge, 1987, p. 10), 

meant that their focus was on bounded internality. It is also possible that their internalist 

perspective was a reaction against neoDarwinian shaping by an external natural selection.  

They did describe the relations between entity and surround as intimate and mutually 

constituting in ways I found very congenial, and, crucially, they also spoke of switching between 

internal and external points of view. Still, my own history with nature-nurture distinctions 
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rendered problematic both their heavy reliance on those inside-outside boundaries and their 

descriptions of the asymmetrical relationships across them, whereby insides “specify” and 

“determine” while outsides merely “trigger”.  

For me, this move, which confers on insides the power (foreknowledge, actually) to specify 

their own possible future states, is uncomfortably reminiscent of those debates about development, 

in which defenders of a “biological” point of view tend to acknowledge outside influences but 

then marginalize them by conferring on the genes the power to define what outcomes are possible. 

In these scenarios the role of the outside is reduced to selecting one prespecified result or another. 

Recall the predefined limits, ceilings, or constraints on potential I mentioned earlier. Again, I am 

not just attacking such habits from an idiosyncratic outsider’s point of view; I believe  these 

theorists would be hard put to justify these moves in their own conceptual schemes, if they were 

ever asked to do so. The assumptions in question are so widely shared that this seldom happens. 

Genetic Representations and the  
Language of Language 

 

I began with Amy Cohen’s thoughts on Francisco “without a roof,” using that image to speak to 

the openness of developmental processes to extraorganismic influences—indeed, to argue for the 

integration of those influences into the processes themselves. I questioned some entrenched habits 

of scientific representation, mainly the investment of inside-outside boundaries with certain kinds 

of theoretical significance. Now I want to look more closely at the genetic representations that 

keep cropping up in this talk. We have at least a double sense of representation here: Genetic 

programs, instructions, and information are scientific representations—tools, ways of 

understanding, operating, and communicating—but they also assume that the DNA itself carries 

representations. 

I have written a fair amount on the preformationism and essentialism implicit in nearly all 

such notions. Here I wish to focus on the representations themselves. Ideas of genetic programs 

and instructions, I’ve suggested, stem from naïve conceptions of our own mentality and 

intentionality, projected into biological processes to “explain” them. Our thoughts, memories, 

perceptions and intentions are supposed to be made of representations in our heads: words, 

images, ideas. Our utterances and our deeds, in this view, exist mentally before they are expressed 
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in speech and action (think about the etymology of that word, express). We animals are said to 

behave with instinctive appropriateness because of knowledge placed in our DNA by natural 

selection (Lorenz, 1965). If living beings behave according to invisible representations, whether in 

their genes or in their brains, it seems to have been a small step to extend the explanatory strategy 

to development. Organisms are thus said to unfold according to a preexisting genetic plan. I 

contend that these entities are displaced mental representations. Hence, perhaps, the pervasive 

language of language in genetics, not only in clearly metaphorical usage (DNA as library, genome 

as book of life), but also in the technical vocabulary of transcription, translation, editing, and 

coding.  

Genes are said to have knowledge of the environments they will encounter, or of the shape 

of the organism’s possible futures (Scarr & McCartney, 1983). This means that they must not only 

know what the finished phenotype should look like (though what organism is ever finished?), but 

how to build it, which in turn means, I suppose, that they must also know every developmental 

step along the way to every possible result. Now, that’s a lot of knowledge. How many if-then 

statements would it require? 

In any case, there appears to be an intriguingly free play among the putative representations 

in our computers, our DNA, and our minds. At times this play extends even to the minds of God 

or of Mother Nature; in any case, the scientific verdict It’s in the genes can function very much 

like the religious pronouncement, It is written.  

Over the last half century, ideas or mental contents have increasingly been replaced by 

information, that weirdly immaterial sea of stuff in which we all swim with varying degrees of 

buoyancy: it can be transferred, shared, and accumulated, not to mention hoarded and, as in 

politics, leaked. Information is the common currency that is said to move so easily from medium 

to medium. People seldom recall that the information theory that lends legitimacy to such talk 

sanctioned only statistical interpretations, not the semantic ones that dominate most discussions. 

Nevertheless its ubiquity and its ties to computer technology have made it real in a way that 

allows everyone to avoid embarrassing questions like What is it? or Where is it? 

The sciences of the mind are themselves saturated with info-talk, so the computers that were 

originally modeled on human minds are now a primary source of models of our own mental 

processes. Model building, it seems, can be quite fluid. Prevailing understandings of our own 
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minds leaked “naturally” into our attempts to explain apparently intelligent and very complex 

biological processes like development. It is reported that the mathematician John von Neumann at 

one point simply introspected, concluded that his working memory was distinct from his storage 

memory, and proceeded to build the distinction into the computers he was fashioning (Dennett, 

1991 pp 209-26). These days we are apt to say that because computers’ “information-processing” 

requires this distinction, our minds must, too.  

The representational snake has bitten its own tail, and more than once. From our minds (or 

computers) to the DNA, and from DNA back to us again. Dawkins’ (1976) single-minded selfish 

genes maneuver their way through evolutionary time. Microscopic versions of the Rational Man 

of economics, these bits of DNA maximize reproduction rather than satisfaction, serving in turn as 

models for selfish memes, those particulate units of culture that are supposed to replicate, and 

manipulate, just as genes do.  

Alternatives and Leaky Theories 
Theories and theorists are as leaky as metaphors and cells are, leaving many openings for revision 

and merger. But the negotiations can be fierce and tricky. Faced with theorists’ habit of imputing 

mental representations to genes and memes, we can protest that biology and culture don’t work 

that way but still leave undisturbed the model (our own representational minds). Are there 

alternatives to this model? There have been many critiques of genetic representations, and the 

literature on memes is burgeoning. But more ambitiously, we can question the representational 

mind itself. There is a history of such questioning, and some fascinating contemporary challenges 

are on the table (Clark, 1997; Hendriks-Jansen, 1996; O'Regan & Noë, 2001; Van Gelder & Port, 

1995). Varela himself was a significant voice in this dissident literature (Varela, Thompson & 

Rosch, 1991).  

Critical work is never done in isolation, and it can be a good thing that our lives are porous. 

If our understanding of the mind changes, what other alterations might ramify through the leaky 

system of extensions, transfers, and projections we have been examining? And if we reflect on the 

commitments that join and divide us, especially in a changing intellectual landscape, I wonder if 

our priorities will change in ways that make certain alliances more promising than they now seem. 

My own remarks about the relations among the literatures on autopoiesis and developmental 

systems were made not just as historical commentary, but in the hopes that identifying sympathies 
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and sticking points might help the various positions move beyond impasses, or even expressions 

of general appreciation, to more productive kinds of relations. 

I spoke a minute ago of representations biting their own tails. The time has come to bite 

our own, as we return to Francisco without a roof, whom I shamelessly exploited to make my 

points about development, theory, representations, and representations of representations. We have 

never had roofs, after all, just as we have never been modern, as Bruno Latour (1993) has 

reminded us. Our bodily and psychic boundaries are surprisingly permeable, but this doesn’t keep 

us from experiencing ourselves as discrete individuals and interacting as such. In fact, we couldn’t 

exist without all that messy leakage back and forth, in and out, and neither could any other 

creature; our very sense of being individuals, our ability to interact, comes from developing in 

physical and social worlds. Similarly, perhaps, we couldn’t make our ways through our theoretical 

worlds without the “leakage” of metaphorical extension and model redeployment: using what we 

think we know to know something new, which changes what we think we know, and on and on. 

This is not a disreputable undertaking, despite my occasionally disapproving tone. We probably 

can’t help doing it. The critical note is a reminder that we do do it, so that we should be alert to it, 

to attend to the consequences. Our theories, too, develop in time, and always have a history. But 

time lines don’t only extend into the past, they also lead into the future.  
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