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Abstract: According to the interface theory of perception, our per-
ceptual systems have evolved to provide a species-specific interface to 
guide adaptive behaviour, and not to provide veridical representa-
tions of an observer-independent world. Results of simulations of 
evolutionary resource games, genetic algorithms, and multiple mathe-
matical theorems have supported and fleshed out this claim in various 
ways. They indicate that the probability is zero that any perceptual 
system has been shaped by natural selection to represent the true 
structure of an observer-independent world. Bagwell (2023) thinks 
that this argument is self-defeating because it implies that organisms, 
resources, genes, etc. that are essential constituents of Darwin’s 
theory do not provide an insight into the nature of observer-
independent reality. Bagwell’s argument relies on a false premise, 
however — namely, that the mathematical formulation of a scientific 
theory cannot dethrone its fundamental concepts. More broadly, his 
argument involves a fundamental misunderstanding of the nature of 
scientific theories — of their explanatory scope and their necessary 
limits. 
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1. Perceptual Interfaces 
and their Evolution 

The diversity of perceptual systems in living organisms is astounding. 
Various species perceive and interact with their environments in 
remarkably different ways. From sharks using electrical trails to home 
in on their prey to pigeons using magnetic fields to orient and navigate 
and bats echolocating in dark caves, it is undeniable that each species 
inhabits its own world — its own umwelt (von Uexküll, 1934/2010; 
Koenderink, 2013). It is tempting to suppose that we as human 
observers are able to stand back and, adopting something like a God’s 
eye perspective (Koenderink, 2014), view the shared observer-
independent world that all of these organisms actually inhabit. But, in 
fact, when we do this what we are really describing is our own umwelt 
— the world as we as humans experience it (whether directly or with 
the aid of various instruments).  

What leads perceptual systems of various species to evolve in 
specific ways is, of course, entirely dependent on their ecological 
niche, the kinds of challenges they faced over the course of their 
evolution, the kinds of problems they had to solve to survive, etc. — 
factors that one can summarize as their fitness landscape. As a result, 
the kinds of perceptual spaces that evolve in a particular species, 
including the formal structure and dimensionality of these representa-
tional spaces (e.g. representations of space, form, colour, motion, etc.) 
are entirely dependent on this fitness landscape. Indeed these per-
ceptual spaces define the only perceptual access that a species has to 
its environment — its own perceptual interface. 

The primary claim of the interface theory of perception (e.g. 
Hoffman, Singh and Prakash, 2015; Hoffman, 2019) is that our per-
ceptual systems have evolved simply to allow us to interact with the 
world effectively so that our genes may survive and reproduce; they 
have not been shaped to reflect the true structure of the observer-
independent world. Put differently, our perceptual systems have 
evolved to provide a species-specific interface to guide adaptive 
behaviour — not to provide veridical representations of an observer-
independent world. An important implication of this is that the way in 
which the world presents itself to our experience reflects the 
properties of our own perceptual interface, and not the objective 
properties of an observer-independent world. 

With simpler organisms, such as insects and amphibians, it is 
relatively easy to acknowledge that their perceptual systems do not 
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produce descriptions of objective properties of the world. Instead, 
their perceptual systems produce subjective descriptions that are 
nevertheless highly useful to them in surviving within their ecological 
niche. The visual neuroscientist David Marr, for instance, noted that: 

…it is extremely unlikely that the fly has any explicit representation of 
the visual world around him — no true conception of a surface, for 
example, but just a few triggers and some specifically fly-centered 
parameters… (Marr, 1982/2010, p. 34) 

And: 

Visual systems like the fly’s serve adequately and with speed and pre-
cision the needs of their owners, but they are not very complicated; very 
little objective information about the world is obtained. The information 
is all very subjective… (ibid., p. 34) 

This makes sense because fitness is not the same thing as the objective 
world, and natural selection depends only on fitness, not on perceiving 
the truth. In other words, a perceptual representation can confer 
sufficient information about fitness to be retained by natural selection 
— even allowing a species to thrive — without needing to correspond 
to observer-independent reality. As the philosopher Patricia 
Churchland notes: 

Looked at from an evolutionary point of view, the principal function of 
nervous systems is… to get the body parts where they should be in 
order that the organism may survive… Truth, whatever that is, 
definitely takes the hindmost. (Churchland, 1987) 

The cognitive neuroscientist Steven Pinker agrees: 

Our minds evolved by natural selection to solve problems that were life-
and-death matters to our ancestors, not to commune with correctness. 
(Pinker, 1999) 

Yet, when considering human perception, the narrative often shifts. In 
contrast to simpler visual systems, for example, Marr believed that 
human vision has been shaped by natural selection to produce ‘a true 
description of what is there’: 

We… definitely do compute explicit properties of the real visible 
surfaces out there, and one interesting aspect of the evolution of visual 
systems is the gradual movement toward the difficult task of repre-
senting progressively more objective aspects of the visual world. (Marr, 
1982/2010, p. 340) 

According to such a view, in the case of simpler organisms, their 
primitive visual systems can fail to see any objective properties and 
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yet serve the needs of their owners sufficiently well for them to 
survive, even thrive (since, after all, what matters in evolution is fit-
ness and not objective truth). And yet, in the case of humans, a 
commonly held belief is that our visual systems evolved to be 
veridical, to see the objective truth (see e.g. Palmer, 1999; Pizlo, 
Sawada and Steinman, 2014). As is evident from Marr’s quote above, 
a key assumption that underlies this belief is that, as primitive visual 
systems evolve and become more complex, they are shaped by natural 
selection to compute more and more objective properties of the world, 
and hence to correspond increasingly to the objective truth, i.e. the 
observer-independent world. Is this in fact the case?  

Over the past 15 years, this question has been addressed in precise 
ways using the formal tools of evolutionary game theory (for founda-
tional work on evolutionary game theory, see e.g. Maynard Smith, 
1982; Nowak, 2006). And the answer, simply, is no. The results of 
simulations of evolutionary resource games (Mark, Marion and 
Hoffman, 2010) and genetic algorithms (Mark, 2013) clearly 
demonstrate that strict interface perceptual strategies (approaches to 
perceptual representation that seek only to maximize expected fitness) 
routinely drive realist or ‘truth’ strategies to extinction. More recently, 
in order to go beyond a reliance on simulations alone, Prakash et al. 
(2021) used the tools of evolutionary game theory and Bayesian 
decision theory (e.g. Knill and Richards, 1996) to prove mathe-
matically that the ‘fitness only’ perceptual strategy (which seeks only 
to maximize expected fitness) consistently dominates the ‘truth’ 
strategy.3 Their fitness-beats-truth theorem also provides a quantita-
tive measure of this dominance, further showing how the magnitude 
of this dominance increases with the size of the perceptual space. 

It is sometimes argued that strategies based on fitness are effective 
simply because they allow one to approximate the truth. However, this 
argument carries little weight because fitness and ‘truth’ are not 
generically correlated. Most fitness functions are in fact non-
monotonic: as the amount of a resource (e.g. water) increases, the 
fitness associated with it at first increases but, after reaching an opti-
mal range, decreases again. This is precisely what one would expect 

 
3  See Hoffman and Singh (2012) for a critique of the standard Bayesian approach to 

visual perception which adopts an inverse-optics approach by assuming that the space 
of perceptual hypotheses (or interpretations) corresponds to the observer-independent 
world. It is indeed entirely possible to have probabilistic models of perception without 
needing to make this assumption. 
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given the ubiquitous need for organisms to maintain homeostasis (and 
the limited resources available to do so). Moreover, while fitness of 
course depends on the state of the objective world, it depends also on 
the organism (e.g. lion vs. fly), its state (e.g. hungry or satiated), and 
the action class in question (e.g. feeding vs. mating). Thus, given a 
fixed world state, changing the organism, its state, or action class 
would result in very different fitness values.  

Prakash et al. (2020) examined mathematically whether pay-off 
functions that drive evolution by natural selection are homomorphisms 
of different structures that may be present in an observer-independent 
world. In particular, they considered total orders, permutation groups, 
cyclic groups, and measurable spaces. In each case, they proved that 
generically the answer is no. More specifically, as the number of 
world states and pay-off values gets increasingly larger, the proba-
bility that a pay-off function is a homomorphism goes to zero. This 
means that natural selection almost surely (in the mathematical sense 
of ‘with probability 1’) shapes perceptions of these structures to be 
non-veridical. 

The net outcome of these evolutionary-game simulations, genetic 
algorithms, and mathematical theorems is clear: natural selection 
tunes perceptual systems to fitness pay-offs, not to truth. What does 
this imply for us as humans?  

When we perceive our world, we experience it as highly structured: 
our perceptual world is organized in terms of objects and surfaces 
having certain geometric structure (tall-and-pointy, bilaterally 
symmetric, etc.), placed in various relationships relative to each other 
(lying-on-top-of, hanging-from, etc.), and embedded within a larger 
three-dimensional space. Are all of these structures present in an 
observer-independent world, independently of their observation?  

If our perceptions are not tuned to truth by evolution, then there is 
no justification for the commonly held belief that these perceptual 
structures provide insights into the properties and structure of an 
observer-independent world. All we can safely say is that they reflect 
the properties and structures of our own perceptual interface. And this 
is precisely the basic claim of the interface theory of perception. Our 
perceptual systems evolved simply to provide a species-specific inter-
face to guide adaptive action. Importantly, they can do so without 
needing to veridically represent an observer-independent world — in 
the sense of being homomorphic to it (see the invention-of-space 
theorem in Hoffman, Singh and Prakash, 2015, and the invention-of-
probabilistic-structure theorem in Prakash, 2020). 
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Bagwell (2023) thinks that our overall argument is self-defeating: 
we start with Darwin’s theory of evolution, then use a quantitative 
formulation of this theory, namely evolutionary game theory, to run 
simulations and prove mathematical theorems.4 And with the aid of 
these tools, we show that evolution tunes perceptual systems to fitness 
pay-offs and not to truth (and further, that fitness and truth are not 
generically correlated because most pay-off functions are in fact non-
monotonic or, more generally, non-homomorphic; Prakash et al., 
2020). Thus perception cannot be viewed as a direct window into 
observer-independent reality. Hence the objects and surfaces that we 
perceive do not provide an insight into the observer-independent 
world. But this would entail that physical organisms, resources, genes, 
etc. that are essential constituents of Darwin’s theory do not exist as 
such in observer-independent reality. This would seem to undermine 
Darwin’s theory itself, which was our starting point. Haven’t we shot 
ourselves in the foot? 

Not at all. In fact, we believe this shot-yourself-in-the-foot argument 
involves a fundamental misunderstanding of scientific theories — 
their explanatory scope and their necessary limits. We examine this 
misunderstanding in more detail in the next section. 

2. The Explanatory Scope and Necessary 
Limits of Scientific Theories 

Every scientific theory begins with a set of assumptions. Once we 
grant these assumptions, the theory promises to explain a range of 
phenomena. Einstein’s theory of flat space-time (special relativity), 
for instance, asks us to grant that the speed of light and the laws of 
physics are the same for all inertial reference frames. In return, it 
explains key properties of space-time, such as Lorentz transforma-
tions. Einstein’s theory does not, however, explain why light has the 
same speed in all inertial frames. It simply assumes that this is true. 

If we want to explain the speed of light, rather than assume it, then 
we need a deeper theory. The new theory must not assume a universal 
speed for light, but must show how this universality emerges. This 
deeper theory will, however, have its own new assumptions. One can 

 
4  Because of its abstract, mathematical nature, evolutionary game theory can just as well 

be viewed as a quantitative formulation of Universal Darwinism. See also footnote 5. 



 

 PERCEPTION,  EVOLUTION  &  EXPLANATORY  SCOPE 35 

then ask for an even deeper theory, that explains these new assump-
tions. And so on, ad infinitum. 

This is bad news for those who dream of a theory of everything. No 
theory can explain everything for the simple reason that no theory can 
explain its own assumptions. But it’s also good news: there is, at least 
in principle, infinite job security for scientists. 

These simple observations about scientific theories have a practical 
consequence: each scientific theory has an explanatory scope and 
necessary limits. A good theory gives us tools to explore its explana-
tory scope. A great theory gives us tools to discover its own precise 
limits. 

Einstein’s theory of curved space-time (general relativity), for 
instance, provides tools to discover that its central concept of space-
time has a precise limit: 10–33 centimetres and 10−43 seconds. At this 
‘Planck scale’, the very notion of space-time has no operational 
meaning. In consequence, many high-energy theoretical physicists 
now agree that ‘space-time is doomed’ (e.g. Gross, 2005; Arkani-
Hamed, 2019). That is, they agree that space-time is not fundamental, 
and that a more fundamental concept is needed from which space-time 
can emerge. To this end, they must make a creative leap beyond 
space-time, looking for structures beyond space-time that somehow 
project down to, or give rise to, space-time. They are succeeding. 
They are finding ‘positive geometries’ and ‘decorated permutations’ 
beyond space-time that make empirical predictions that can be tested 
inside space-time (see Arkani-Hamed et al., 2023). 

This is the normal evolution of science. A great scientific theory 
rewards us with its explanatory power, and also alerts us to its 
necessary limits. This alert triggers the search for a deeper theory, in 
an endless virtuous cycle. 

How about Darwin’s theory of evolution by natural selection? It is 
certainly a good theory, with a vast and impressive explanatory scope 
(e.g. Dennett, 1995). Is it a great theory? Does it provide tools to find 
the limits of its own central concepts: physical organisms competing 
for physical resources in space and time? 

Darwin himself did not provide a mathematical formulation of his 
theory. This was done by John Maynard Smith and others, starting in 
the 1970s, resulting in the powerful tools of evolutionary game theory 
(e.g. Maynard Smith, 1974; 1982; Nowak, 2006).  

As summarized in the previous section, we can use these tools to 
ask a specific question of Darwin’s theory: what is the probability that 
any perceptual system of any organism has ever been shaped by 
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natural selection to report the true structure of an observer-
independent reality? 

The answer is striking. The probability is 0. This means that our 
perceptions of physical organisms and physical resources in space and 
time are almost surely not an insight into the nature of observer-
independent reality. Thus Darwin’s theory, in its mathematical 
formulation as evolutionary game theory, informs us that the proba-
bility is zero that some of its fundamental concepts (such as physical 
objects in space-time) are in fact true of observer-independent reality. 
Let’s call this the ‘argument from evolutionary games’. The argument 
from evolutionary games reveals that Darwin’s theory is not just a 
good theory — it is a great theory, capable of revealing its own limits. 

Now consider Bagwell’s shot-yourself-in-the-foot argument against 
this argument from evolutionary games:5 

(1) Either evolutionary game theory faithfully represents Darwin’s 
ideas, or it does not (or, in Bagwell’s language, either evolu-
tionary biology ‘is an instance of’ evolutionary game theory, or 
it is not). 

(2) If it doesn’t, then we can’t use it to contradict foundational 
concepts of Darwin’s theory.  

(3) If it does, then it cannot contradict foundational concepts of 
Darwin’s theory. 

Bagwell’s conclusion is that the argument from evolutionary games is 
self-refuting, that it necessarily creates an unfortunate and irremedi-
able dialectical situation. 

To be clear, from our perspective, evolutionary game theory indeed 
faithfully represents Darwin’s ideas. But the problem with Bagwell’s 
argument is its claim (3), which assumes that the mathematics of a 
scientific theory cannot dethrone its fundamental concepts. This is 

 
5  Bagwell (2023) states this argument using ‘Universal Darwinism’ rather than ‘evolu-

tionary game theory’, citing Hoffman (2019) for his appeal to Universal Darwinism. 
However, in his treatment, Hoffman (2019) brings up Universal Darwinism simply as a 
way to motivate evolutionary game theory. It is worth noting that although Universal 
Darwinism constitutes a conceptual generalization of Darwin’s theory, it does not pro-
vide a mathematical formulation of it — this is done by evolutionary game theory. By 
ignoring Hoffman’s (2019) extensive discussion of evolutionary game theory, Bagwell 
(2023) sidesteps the real technical core of Hoffman’s argument. Nevertheless, what is 
most relevant for current purposes is that evolutionary game theory can just as well be 
viewed as a mathematical formulation of Universal Darwinism, as previously noted. 
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simply false.6 As we noted above, this is currently happening in 
physics: the basic concept of space-time is being dethroned by the 
mathematical implications of theories that started out by taking space-
time as fundamental. The outcome is that space-time is not funda-
mental, and a deeper theory is needed. 

We might also note that Gödel used the axioms of arithmetic to 
prove the incompleteness of those very axioms. Gödel didn’t refute 
himself in the process. Nor do we, when we use the mathematical 
formulation of a scientific theory to prove the limitations of the 
foundational concepts of that very theory. 

We suspect that some of the differences between us and Bagwell 
stem from our divergent views on scientific realism. Bagwell appears 
to be a traditional realist; we are not. At key places in his argument, he 
speaks of scientific theories as being ‘literally true’ (or not). For 
example: 

If we take Evolutionary Biology to be an instance of Universal 
Darwinism, this means we take Evolutionary Biology to be a true 
thesis: literally true of the real world… (Bagwell, 2023, p. 19) 

For us, it is neither useful nor meaningful to speak of scientific 
theories as being literally true or false. Scientific theories are useful or 
successful to the extent that they can explain existing data, predict 
new phenomena, and support the development of new technologies.7 
Whether one considers Newton’s theories of gravity or Einstein’s 
theory of general relativity, for instance, it is evident that each of these 
theories has immense explanatory and predictive power, and each has 
supported the development of numerous technologies. Yet the 
explanatory scope of each has its limits. Indeed, as we have been 
arguing, every scientific theory is necessarily limited. Thus it is not 
really meaningful to speak of a scientific theory as being ‘literally 
true’. Such considerations call into question the semantic position of 
traditional realism, which implies that scientific theories are capable 
of being literally true or false. 

 
6  In saying that it is simply false that the mathematics of a scientific theory cannot 

dethrone its fundamental concepts, we mean both that (i) this does very much happen in 
the course of normal progress of science; and (ii) no ‘bad’ or ‘dismal’ situation is 
created when it does; indeed this is one of the situations that allows for a paradigm shift 
to occur within a scientific discipline. 

7  As argued by Chirimuuta (2023), these criteria do not entail anything like the literal or 
absolute truth of a scientific theory. 
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There is also a growing number of positions in the philosophy of 
science that deny the metaphysical position of traditional realism, 
which entails that scientific theories at their best provide a description 
of mind-independent reality. In addition to classical instrumentalism 
(e.g. Duhem, 1906/1991; Mach, 1914), this growing list includes con-
structive empiricism (Van Fraassen, 1980), perspectivism or per-
spectival realism (Giere, 2006; Massimi, 2022), model-dependent 
realism (Hawking and Mlodinow, 2010), and haptic realism (as a 
particularly compelling form of perspectivism; Chirimuuta, 2016; 
2023). Although coming from distinct perspectives, what these 
positions share is the view that science does not ultimately transcend 
the human perspective — it does not provide a God’s eye point of 
view (see also Frank, Gleiser and Thompson, 2024). Indeed, they 
point in various ways to the ineliminable role played in science by 
human activities, concerns, goals, conceptual frameworks, and 
idealizations. Especially in the case of neuroscience (and biology 
more generally) whose objects of study are extremely complex and 
dynamic (e.g. brains), human decisions about simplification and 
idealization of the target system are based on a variety of pragmatic 
considerations and these greatly influence the development of 
scientific theories and models (Chirimuuta, 2023; 2024; Potochnik, 
2017). 

Even beyond our differences with respect to scientific realism, 
Bagwell’s (2023) arguments seem to involve a fundamental misunder-
standing of the nature of scientific theories — of their explanatory 
scope and their necessary limits. Every theory has a limit to its scope. 
Normal science is about exploring the scope of a theory, finding its 
limits, and creating new theories with extended scope and different 
limits. This is just the normal evolution of theories in science. It is 
also the necessary evolution, since there is no theory of everything — 
there is no final scientific theory. 

3. Conclusions and the Road Ahead 

We seem to be at an interesting point in the history of science when 
two distinct and independent lines of investigation — physics and 
evolutionary game theory — are pointing to the same conclusion: 
space-time and objects in space-time are not fundamental. This 
doesn’t mean that the notions of objects and space-time are useless 
and should be jettisoned. What it means is that a deeper, more funda-
mental theory is needed.  
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From the perspective of the interface theory of perception, objects 
and space-time exist in our perceptual interface and are ‘real’ as such 
— indeed very real for us as human perceivers and agents inhabiting 
our human umwelt. They must be taken seriously when interacting 
with our environment; they were in fact shaped by evolution precisely 
for the purpose of guiding effective interactions. But they are not 
insights into the true nature and structure of observer-independent 
reality. In his Physics and Reality, Einstein himself referred to the 
object concept as a ‘free creation of the human (or animal) mind’ 
(Einstein, 1936/1995, p. 320).  

Where does all this leave the basic constituents of Darwin’s theory 
of evolution: physical organisms, material resources, etc.? Again, the 
point is not that these notions are useless and should be jettisoned. 
Within the framework of Darwin’s theory (which itself is situated 
within the broader framework of space-time and objects), they serve a 
critical explanatory role. What it indicates, rather, is that a deeper 
theory is needed. That deeper theory will almost surely not have 
objects and space-time as basic constituents. However — and this is 
important — it must be the case that, when that deeper theory is 
projected back into space-time, it should look like natural selection 
with organisms in space-time, genes, limited resources, etc. In other 
words, if it is to be successful, the deeper theory must not contradict 
Darwin’s theory (i.e. when projected back into the framework of 
space-time). 

Again, this is simply how normal science proceeds. It explores the 
scope of a theory, finds its limits, and creates new, deeper theories 
with extended scope and different limits. If anything feels different in 
the current situation, it is perhaps because space-time and objects 
within space-time are so deeply engrained in the way in which we as 
humans perceive and conceive of everything, that it is difficult for us 
to imagine the world in any other terms. But all indications are that 
this is precisely where science is headed. 
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