
Interview

Bill Wimsatt on Multiple Ways of Getting at the
Complexity of Nature

William C. Wimsatt is Professor of Philosophy and a member
of the Committees on Evolutionary Biology and Conceptual
Foundations of Science at the University of Chicago, whose
faculty he joined in 1971. He studied engineering physics and
philosophy at Cornell (BA, 1965), where his father was Professor
of Biology, and at the University of Pittsburgh (PhD, 1971).
One of the pioneers of the new philosophy of biology that
originated in the 1970s, his work also centers on the philosophy
of psychology and the social sciences, and on complex systems
in general. On the occasion of his 65th birthday, some of his
former students asked him to look back on his intellectual career.

You never taught philosophy of science as the canon received
from logical empiricism but then rejected in favor of an ac-
count based on models and heuristics. Your “Genetics from
an Evolutionary Perspective” course, for example, used evo-
lutionary biology as a vehicle to talk about the history and
conceptual foundations of genetics, using a variety of tools
and methods.
I was really lucky: nobody either told me what and how I
needed to teach or looked over my shoulder and said, “That’s
not philosophy of science!” It was being in a discipline before
it was one. I didn’t have a corpus that I had to present; I could
follow problems. I also coteach with people—a great way
of learning in other areas, giving you a setting in which you
are constantly getting new information. Science is intensely
social. If we taught group problem solving, science wouldn’t
seem so forbidding to the public.

You like to stay close to the science.
Many philosophers really want to deal with abstractions and
are mystified when someone wants to go into the nitty-gritty
of the detailed case. I tend not to realize sometimes the
complexity of what I’m talking about, because I’ve messed
around in it too long . . . I’ve been lucky: I’ve always had
students whom other students could talk to and say, “What
the hell is Wimsatt up to anyway?” My students went through
a kind of developmental trajectory. I remember saying to Bill

Bechtel when he was getting more and more heavily into the
science: “You better talk to the philosophers a lot, and write
some papers for them before you go over the hill, because you
too will be too far away from mainstream!” I’ve been lucky
in another way: no one has learned more from their students
than I have, and it has been exciting to see their work expand
into new areas.

Let’s talk about your own education: It would seem that when
you went into engineering physics, you were moving away from
biology?
My father was a classical histologist and a naturalist. I always
loved the natural world, but I did not understand what he did
in his laboratory; it seemed to me too rich, and I did not see
how one could organize it. My initial idea about biology was
that it was too messy. I wanted to study physics because that
was pristine and simple.

You did not yet embrace the “ontology of the tropical rain
forest” you cherish today.
Right. I thought: “clean and simple,” because I thought that
gave you general laws, which allowed you to do things of
great power as I could see from the technology all around
me. I was always fascinated by technology, airplanes in
particular. When I was eight years old I could identify 20
different aircraft by their sounds. And I wanted to build
things with erector sets, and other things on my own. I was
already a mechanism junkie as a kid. Later I wanted to
study aeronautical engineering and run in the space race.
Servomechanisms also intrigued me. Cornell sponsored an
engineering day, and there were two things that fascinated
me: a pulse jet and a gunnery control system for a B29.
Goal-directed mechanisms primed my interest in teleology,
later sparked by philosophy and reading Aristotle, and that
led me to functional organization and evolution (e.g. Wimsatt
1970, 1972). I got increasingly interested in messy areas. I had
a course in magnetoaerodynamics, which basically seemed to
me to be as messy as a biological laboratory, with equations
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that nobody knew how to solve. The further I went, the
messier it got! That midwifed my interest in approximations.

You also took Frank Rosenblatt’s course, “Brain Models and
Mechanisms.”
It struck me how important development was to him. It came
out as: “You’ve got this enormously complex behavior, with-
out nearly enough genetic information to specify it. So it’s
got to organize itself through interacting with the environ-
ment.” His perceptrons were initially hardware. You could
rip out half of the connections, and it would still classify at
80% efficiency. I thought, “That’s the kind of organization
biology has to be interested in!”
So from very early on I was in-
terested in reliability and redun-
dancy and how you could get or-
der from the environment.

What catalyzed your interest in
evolution?
Hearing Dick Lewontin speak at
Cornell. He was modeling group
and multilocus selection with
computer programs. I thought,
“This looks like physics too!”
I was tripped out on the dy-
namics. I had seen sketches of
adaptive topographies, but he
computed one! Also my father
had interacted a lot with Don
Griffin, who did pioneering
work on ultrasound and bat
sonar. I was always fascinated
by perception in other modali-
ties, and how that would change
our view of the world. I nearly went to Rockefeller to do a
post-doc—nominally in philosophy, but really it would have
been with Griffin. It was almost as if I needed technology to
hook me into biology!

Talking about bat sonar, you are less pessimistic than philoso-
pher Thomas Nagel (1974) when it comes to us humans un-
derstanding “what it is like to be a bat.”
Like most philosophers Tom Nagel did not know much
about what it was like to be a bat, so he tried to make an
in-principle argument out of it: since the sensory systems and
the niche of a bat were so different, its worldview would be, in
principle, unknowable to us. He was making an in-principle
claim with no basis. There was no structure there that you
could use to generate an in-principle argument. It just struck
me as bizarre, having grown up with bats. I went into bat
caves with my father. I saw vampire bats copulate for the

first time on his desk. Bats were fascinating. He captured
a mature female in the wild. She lived for 25 years more,
with an offspring every two years. Bats mate for life. They’re
highly intelligent. They show cooperative behavior—maybe
more like what we ought to be or what we would hope we
were.

Was that the beginning of your skepticism of in-principle ar-
guments?
I think I’d been skeptical of in-principle arguments because
of where I came from—engineering. Consider claims of in-
principle reducibility: Has somebody got a proper ordering

of physical states that you can
map one to one onto higher
level states? If not, how do you
start? Is that what we should
be doing? I want to know how
we use reduction in practice
because I want philosophy to be
useful to scientists, and also to
be close enough to the scientists
to be able to learn from them,
rather than taking a template
to the scientists and saying,
“Here is how you fit into my
philosophical theories!” I came
to disagree with the common
assumption that knowledge
is a top-down, trickle-down
economy, from the basic to
the applied sciences, and that
philosophy sets preconditions
for any possible science. That’s
why I initially went into physics:
get to the highest peak, look

down, see everything. But as I learned more I saw that
application was messy—not just unsystematically messy but
richly messy. I came to feel more and more that there is a lot
of knowledge percolating upward, from applications to theory.

Going back to the reduction issue, couldn’t it be that many
scientists and philosophers just want a guarantee that mate-
rialism holds: “If we have reducibility in principle, then our
scientific world view is in order”?
Fair enough. But it got transformed into issues about translata-
bility, which bothered me: it turned a problem about nature
into a problem about language (theoretical vocabularies). I
became suspicious of the linguistic turn in philosophy very
early. In mid-20th century philosophy, not only linguistic
philosophers but even philosophers closer to the science like
Ernest Nagel would say, “We can’t get at Nature; all we can
do is formulate theories about it.” Deduction is a relationship
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between propositions, within languages; so our theories are
deductive structures. Anything you could say about nature
had to be addressed in terms of what you could say about it.
You couldn’t act as if there were ways to get at nature due
to the separation of our conceptual schemes from nature. Of
course you have to distinguish between concepts and nature,
but you also have to see that concepts are a part of nature at
another level, and that we have multiple ways of getting at
things, so that we can get past our conceptual frameworks on
any given front.

You started emphasizing the importance of models in biology.
The distinction between models and theories remains kind of
blurry.
My view of theories probably comes closest to the “theory
as collection of models” view originally proposed by Levins
(1966). I don’t think I’ve had that much to say about what a
model is. I’ve said a lot more about things you can do with
them, and about how some of the other accounts of models
must be false because they don’t hook into this. It’s not
clear to me that either the propositional (“syntactic”) or the
semantic view of theories. . .

. . . which presents a theory by identifying a class of structures
as its models, making the language in which the theory is
expressed a lesser concern. . .
. . . could have anything interesting to say about the heuristic
use of models, and that’s what I saw all around me in science.
In the magnetoaerodynamics course, where I first really saw
complexity, the teacher, Ed Resler, was an artist in taking
general sets of equations and tweaking them to reduce them to
various limiting cases, which you could then apply. They were
like little machines that dropped out when you transformed
the equations in a certain way. I’ve always tended to think of
equations as like machines. I’m animistic, I guess! It never
bothered me to think of myself as a machine and I am a
thorough mechanist all the way up and down. Coming back
to your question: philosophers always talked about how you
confirm theories, and whether models were true or false.
The argument was, “Models are almost always false, so let’s
forget them and work elsewhere!” I was struck with how often
models were deliberately false. You were rarely trying to
confirm the model, at least in the most innovative areas I saw;
rather, you were interested in using the models as a template
and tool to see what wasn’t captured by the model, in order to
direct further investigations (e.g. Wimsatt 2002).

You’re much more interested in what you can do with causes
than in analyzing them. Yours is not philosophy of science in
the old-fashioned way.
Yes, how could I be an unabashed mechanist if I was a
Humean about causality. I hope it is natural philosophy!

Natural philosophy should come back! If I were asked
to defend some ways I think about nature in traditional
philosophical terms, I’m often not interested. I may want to
use it, and there may be some role for analytical justification
later but I don’t feel that I always have to provide it first.
Philosophy has never been as central to me as it has to many of
you. I rarely get interested in a central philosophical problem
unless it is in my way to somewhere I want to go. Sometimes
it is enough that a perspective is a useful heuristic. Although I
think that Dawkins is entirely wrong-headed with his selfish
gene metaphor, his language is brilliant in helping us to take
the gene’s eye view seriously. But we just have to remember
that there are multiple perspectives and you have to use several.

How would you describe your departure from the classical
view of reduction?
The classical view of reduction was deduction, but most
reductionists hadn’t produced any. In fact, if you looked
at the actual theories they claimed to reduce, they weren’t
reductions, because there were approximations in going
from one level to another. So no claim that there were
truth-preserving derivations could possibly be true. All these
people wanted to be reductionists, but nobody had ever
delivered on it! You could either say, “Oh well, so there are
no reductionists!”—that did not seem to me to be right—or
“Maybe they mean something else by it.” That actually
led me toward mechanism and Stuart Kauffman’s (1972)
“articulation of parts” explanation—as did Dick Levins’
intuitions; as did just spending a lot of time with erector sets
when I was a kid: they’re full of emergent interactions!

How did you reach your view on emergent reduction?
That’s something one could describe as “social causation.” I
was invited to a conference on “Consciousness and the Brain”
where Nobel-class neurophysiologists met philosophers. I
was very junior, so I was the last one on; Grover Maxwell
said to me, “You’re going to have to take Roger Sperry!” The
philosophers thought Sperry was incoherent because he said
things were emergent at the same time as he talked about
them reductionistically. They’d say to him: “No no you don’t
understand, emergence is the opposite of reduction!” Sperry
hadn’t gotten his Nobel Prize yet, but I wasn’t going to get
up and say, “This guy who has done these wonderful limb
transplantation experiments and brain bisection experiments
is an idiot!” I had to find a way to make some sense out
of what he was saying. The longer I looked at it, the more
I thought, “He’s right!” That led to my “Reductionism,
levels of organization, and the mind–body problem” paper
(1976), in which I say I’m a reductive emergentist. You
can do both. Emergence comes out of the interaction of
heterogeneous parts: you get properties that aren’t properties
of any of the parts in isolation. This took the problem of
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emergence back to the issue of whole and parts, away from its
philosophical context at the time, and also toward—pardon
me—an emerging awareness of holistic behavior and rich
dynamical systems that was beginning to pop out everywhere.

Twenty-five years ago, if you weren’t a hard-headed reduction-
ist, you were considered a mystic. Today you are supposed to
be an emergentist. What happened in the science?
In part it was chaos. Dynamical systems theory had been
coming out in different places, ranging from models in ecol-
ogy to complex behavior in neural circuits to the Ising model
in classical physics to couple oscillators in entrainment. . . .

Your 1980 paper on “Reductionistic research strategies and
their biases in the units of selection controversy” constituted
an important intervention in the units of selection debate. How
did your views on heuristics and their biases come about?
I liked Herbert Simon’s stuff on heuristics early on, and
thought it applied more generally: useful tools that can break
down systematically. The coalescing article for me was that
by Tversky and Kahneman (1974), and their striking example:
“If you have a collision and there is a gas tank explosion, that’s
an accident. If it happens time after time, it’s a design failure.”
I soon had the chance to transport it to biology. In fall of 1975
Mike Wade gave me a draft of what became his “Critical
review” paper (1978). It had seven different mathematical
models of group selection, all making assumptions deleterious
to group selection, although they were made by advocates
and opponents of group selection alike. A reviewer suggested
five more models; they followed the same pattern. I said, “If
it happens 12 times that all the assumptions count against
it, that’s a design failure. So where are the heuristics?” The
reductionistic problem-solving situation leads you to make
seemingly natural simplifications, but they turned out to be
unrealistic. I suddenly had the wherewithal for my (1980)
paper. I couldn’t believe this. I had a pattern of inference,
not among experimental subjects, but among the leading
scientists in the world on what was then the hottest problem
in evolutionary biology! They were making mistakes, and did
not realize it; but there was a heuristic structure you could
use to analyze it. I went around the country giving split talks
in biology and philosophy departments, and took notes. I
would tell this story about units of selection, then wait for the
objections. And lo and behold, the objections fit into things
you would predict with the reductionistic heuristics, time
after time; it was strikingly robust! That gave me a different
way of talking about reductionism. You could see scientists as
reductionists, not in terms of whether they derived something,
but of the strategies they used to think about situations and
solve problems. It gave very strong handles on their behavior.
There are heuristics and biases for other problem areas:
for doing functional localization, also reductionistic. And

biases connected with organizing historical narratives—an
overestimation that things that fit well into the story are all
you need to take account of. And more.

Today, systematic biases are at work in the shaping of
EvoDevo, in which developmental genetics plays a crucial
role.
Genetics came into this with an enormous head start. Once
you developed a couple of key cases like Bithorax or homeotic
mutants you could get a handle on, added the enormous
organizing power of Hox genes, the explosion in data from
genomics, and the natural reductionistic bias in the sciences
of that period, it’s not surprising that EvoDevo should
be strongly skewed toward developmental genetics. Ken
Schaffner (1998) thought that with cases like C. elegans,
Drosophila, mice, and humans, he would find fairly neatly
reductionistic stories at the simpler levels. But by the time
he got to Drosophila it was already getting more complex;
his stories broke down almost immediately! About then Scott
Gilbert and others saw the important role the environment
had in structuring developmental response. Gilbert says,
“We really ought to be doing EcoEvoDevo!” So even within
some strands of the developmental genetics tradition people
were reaching outward. Of course, there are still people
like Eric Davidson, who will be hardcore to the end. . . . So
might there be analogous things to what happened when,
say, Tom Schopf recognized that you could do paleontology
as a populational thing, to help extend the focus outward
from developmental-genetic programs to higher system-level
interactions? That’s a wish list; whether we will ever have the
data to do it I don’t know.

You are best known for your work on generative entrenchment
(GE), which you and several of your students have modeled and
applied to cases ranging from Drosophila genetics to EvoDevo
to cultural change. According to your “developmental lock”
model, features expressed earlier in development have a higher
probability of being required for features appearing later
and having on average a larger number of “downstream”
features dependent on them. They are also phylogenetically
older and more likely to be widely distributed taxonomically
than features that are expressed later in development. Deeply
entrenched features, if mutated, are likely to cause major de-
velopmental abnormalities, and so on. How did you hit upon
that?
In his argument for evolution by stable subassemblies Simon
(1969) says somewhere, “If you want to make a gastrula, take
a blastula and modify it.” Let some of the air out of the soccer
ball and punch it in! I asked, “Is there any way I can combine
his evolutionary and his developmental story by looking at
sequential activation in development?” I played around with
it and came up with the developmental lock in 1972–1973,
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which originally assimilated Simon’s story to the Haeckelian
gastrea–blastula story by treating new developments as
terminal additions and thus entrenching older structures.
At the conference where I presented this in 1974, Steve
Gould pointed out that everybody rejects Haeckel’s law (that
ontogeny recapitulates phylogeny), but that von Baer’s law,
which is pretty close to it, is OK. I thought, “Haeckel’s law
does not follow from my model, but this other one does,
and that’s better!” I took it seriously at that point, but I also
wondered as a philosopher, “Am I going to publish this, and
expect biologists to read it? Not a prayer!” I needed some
applications. Fairly early on I saw I could use it to analyze the
innate-acquired distinction (Wimsatt 1986).

How has the idea of GE been elaborated as a consequence
of your computer simulations with Nick Rasmussen and Jeff
Schank?
I felt constrained by the single developmental lock. As an
aside in my paper on “Evolutionary advantages and limitations
of early plasticity” (Glassmann and Wimsatt 1984), I said that
there might be quasiindependent subsystems, and that you
get developmental locks in parallel. That worked for Nick,
who was looking at developmental mutants. He generated
a diagram that was a circuit structure for developmental
locks (Rasmussen 1987). It seemed quite clear that you
could actually work back and forth from information on
mutants to inferring developmental structure. I had speculated
that it could be done but did not do it. The thing going in
Jeff’s simulations with gene control networks, on the other
hand, was in some sense the most free structure: pick any
directed graph you like and you can find a GE structure in it.
Also important was doing sensitivity analysis with different
entrenchment measures. We tried various approaches, and we
ended up using a very conservative measure for entrenchment.
It obviously worked there, and our joint work took off (Schank
and Wimsatt 1987, 2001; Wimsatt and Schank 1988).

How do you think about GE today?
The concept still needs a fair amount of development to estab-
lish how it is going to interface with canalization, redundancy,
feedback loops, and other modes of organizational structure.
We need to look at GE in other modes of representation. I
knew GE had to be more general than the developmental lock,
but I just couldn’t figure out representational structures that
were workable that way. I had been thinking about Kauffman’s
work on Boolean gene networks, and Jeff and I may return to
that. And there is a wealth of ways entrenchment emerges in
technology.

Rudy Raff has challenged you on GE, suggesting that a predic-
tion of your model was wrong because of the hourglass pattern
of development. He compared direct and indirect developing

sea urchins and showed that earliest development is not the
most entrenched but that there is a later stage which is most
entrenched because both direct and indirect developers pass
through it.
I first came across Rudy’s case of the directly developing
sea urchin (see, e.g., Raff et al. 1999) in 1988. When I saw
that example I thought, “What a lovely counterexample!” I
kept pumping him for information. People like Sterelny would
come up and ask, “But does not that falsify your theory?”
I’d say, “Yes and no! Let me learn more about it!” I knew
it was a real resource, and a rich set of examples—it wasn’t
just a single-case example. On the other hand, I had some
mechanisms at hand that would partly deal with it: if you could
canalize at a given stage, you could screen off earlier changes
as irrelevant. But rather than grabbing one of those and see
how I could get out of it, I thought, “No, this is a resource;
how do you make early changes and get away with it?” That
was important: in cultural evolution it is not only clear that
you could get away with it but that we regularly did. In some
sense, the deepest principles of science are the most generative
and so they’re the most deeply entrenched. But they’re also the
youngest. How was that possible? I collected a bunch of ways
that could work in biology, and more, partially overlapping
ways for culture. I still don’t know what that will do for Rudy’s
case, though I think I can explain some of it. It’s complex, and
there is probably more than one mechanism at work.

What we’re seeing about your reaction to Raff is that rather
than conceding a logical point (“this falsifies my model”),
you embrace the counterexample as an opportunity to do more
engineering.
Right! There were two sources of inspiration for this. Lakatos
(1976) took counterexamples not as falsifiers, but as stimuli
to refine concepts and delimit the range of the theorems
rather than trash them. And there was this lovely work on
so-called confirmation bias (Mynatt et al. 1977): people
in different disciplines all switch to falsifying sooner or
later. Mathematicians and molecular biologists first, then
physicists, then evolutionary biologists; and social scientists
never switched! This mapped well onto the complexity of the
sciences. My conclusion was: “When you first get a theory,
you don’t know how it works!” You’ve got to spend time
playing with it. The more complex the mechanism, the longer
that takes. So what is described as “confirmation bias” is
actually a learning curve for how the hypothesis works: after
you understand it, you can falsify. So I have more to learn
about direct developers, and bicoid, and a few others.

You think that for cultural evolution, a developmental perspec-
tive is even more urgently needed than in biology.
The fundamental reason is that we don’t start out with full
cultural genomes but assemble them over time; the things we
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get first influence the things we pick up later. So whether we
can theorize adequately about it or not, development seems
to me an architectural constraint on any adequate theory of
cultural evolution.

Entrenchment is Janus-faced: if you fix something and make
it stable, you can build structure on top of it; but it can also
constrain you unless social structures are in place to promote
experimentation and innovation.
How do you make innovations, and how do you establish
them? Without entrenchment, we wouldn’t accumulate much
of anything—changes have to build on something. But how do
you escape entrenchment? There isn’t a single magic bullet,
but there are a few pretty good ones that together are quite
surprising in effect. A lot of things characteristic of cultural
evolution have to do with the fact that we evolved ways of
making deep modifications, sometimes by making prototypes
in controlled situations where we can test them, sometimes
by having group adaptation to deal with local changes by one
member of the group, and other kinds of support structures.
Consider the population structure of adopters of a new
technological practice in a given area. If a social structure
supports some early adopters, they do what may look like
wasting some time: play around and try new technologies.
Then if the new technology is taking off, early adopters can
help midwife other less expert people until basically the only
people who can’t deal with it retire. This scaffolds action too
large for the culture to take as a whole, but proceeds by doing
it sequentially in some parts of the population. Think of the
change from IBM Selectrics to word processors to computers:
the early adopters had greater expertise than required to help
the next generation of followers master the next more usable
generation of technology, and provide a growing leading edge
of hobbyist–tinkerers, with increasingly differentiated levels
of expertise, the best of whom are hired by the emerging
industry. And the revolution is off.

Can you reconstruct how you tried to put development into the
cultural evolution picture (Wimsatt 1999)?
One thing very early on was trying to make the connection
with the innate-acquired distinction. But since the account
of innateness was in terms of entrenchment, there was no
reason that things you learned earlier in life—like religious
affiliation—couldn’t play a significant downstream role in
things you picked up later: biological entrenchment could go
right over into cultural entrenchment. That seemed a more
productive way of relating biology to culture than the original
developmental systems theory formulation, which was to say,
“There is just no difference.” My approach was saying, “I
want an organizing structure because I want to get something
out of this and not only to object to the reduction of culture
to biology.” Consider the elaboration of structure in science,

technology, or culture. You have something that is useful,
so you use it, maybe for more things. From entrenchment
you naturally got polyfunctionality as you add on other
applications. If you adjust it for these broader applications,
you may allow it to be applied (and generalized) still
further. Think of the explosion of applications of the internal
combustion engine—producing a technology with increasing
differentiation, and simultaneously, increasing possibilities
for cross-fertilization between branches. In science, if it is a
model we are applying more broadly, polyfunctionality may
force abstraction as you tried to keep the generality of the
formulation. The increased generality and abstraction then
made it possible to generalize it still further. So you had a kind
of runaway process going to greater generality and abstraction
and closer to analyticity. Something like this happened with
Newton’s gravitational potential, as it became applied to
electrostatic attraction and repulsion, chemical potential,
biological fitness. Somewhere later in the series, the notion
of a vector field is generalized from these different instances,
and Potential Theory, now a mathematical theory, emerges
(Kellogg 1929). Foundational and quasianalytic truths, from
expanding applications? I diagrammed this.

Have you ever published that diagram?
No. Not yet. Soon!1

Note
1. A complete list of Wimsatt’s publications is available online at
www.wimsite.org. A collection of his articles will appear in his book,
Re-Engineering Philosophy for Limited Beings: Piecewise Approximations
to Reality (in press).
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