Does Evolution Favor
Accurate Perception?!

Adriano Angelucci,* Vincenzo Fano,* Gabriele
Ferretti,** Roberto Macrelli,* and Gino Tarozzi*
* University of Urbino Carlo Bo

** Ruhr University Bochum

Abstract

The currently mainstream view is that, in normal conditions, our perceptual repre-
sentations are largely accurate, as natural selection tends to favor epistemically re-
liable perceptual systems. This latter assumption has been questioned by Donald
Hoffman and his collaborators by drawing on the formal tools of evolutionary
game theory. According to their model, an organism whose visual system were
tuned to objective reality would be driven to extinction. We argue that their model
fails to take environmental modifications into due account, and we show that, once
such changes are incorporated into the model, the latter will predict that an organ-
ism whose visual representations are at least partially accurate will in fact be more
successful from an evolutionary point of view.
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1. Introduction

The currently mainstream view among scientists studying perception is that, in
normal conditions, our perceptual representations are largely accurate—i.e., that,
to some extent, they do a good job at tracking the objective structure of the exter-
nal world.? The view in question usually rests on a specific evolutionary assump-
tion—i.e., that natural selection will in the long run favor individuals whose per-
ceptual systems are epistemically reliable. Within the relevant literature it is in-
deed typically argued that if our perceptual representations were not somehow
tuned to the objective structure of reality, evolutionary pressures would long have
driven our species to extinction.’ In a series of papers, Donald Hoffman and his

! In this article we bring out what we take to be the main philosophical consequences of
the two models presented in Angelucci et al. 2021.

2 Cf., e.g., Marr 1982: 340, Trivers 2011: 2, and Pizlo et al. 2014: 227.

3 Cf,, e.g., Geisler & Diehl 2003, and Yuille & Biilthoff 1996.
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collaborators (henceforth, H&C) made use of evolutionary game theory in order
to question this widely held assumption.* Evolutionary games, in their view,
would conclusively establish that our visual systems are in fact tuned to utility,
not to objective reality. As a consequence, H&C maintain, we would have little
or no reason to believe that our visual representations are always, or even usually,
accurate.

The far-reaching philosophical implications of this purported fact about hu-
man vision can hardly be overstated. Arguably, if H&C’s conclusion were to
prove correct, then large swaths of contemporary epistemology and philosophy
of mind would have to be called into question, to say the least. Naturalistic ap-
proaches to knowledge and justification, for instance, are more or less explicitly
premised on the assumption that, in normal conditions, our perceptual systems
and processes are generally reliable,’ and the same seems to hold for naturalisti-
cally minded accounts of the semantic content of our mental states.® Moreover,
H&C’s conclusion, if true, would arguably lend significant support to the skepti-
cal—yet nonetheless popular in some intellectual milieus—idea according to
which empirical science would not in the end be entitled to any justified claims
about what the external world is like, independently of the way in which it hap-
pens to be perceived or thought of by sentient beings.

In what follows, we intend to argue that H&C’s epistemically grim conclu-
sion is still far from being the only one licensed by the formal tools of evolutionary
game theory. Our main goal will be to show that, contrary to their view, the mere
fact that the complex evolutionary dynamics responsible for shaping our percep-
tual systems will in the long run increase our fitness does not entail that our visual
representations will therefore be generally inaccurate. What led H&C astray, in
our view, is that their model fails to take the relevance of environmental modifi-
cations into due account. As we will try to show, however, a model that incorpo-
rates a dynamic, rather than static view of the organism’s environment, will pre-
dict that—up to a certain point—the acquisition of apparently useless information
about said environment will in fact increase fitness.” In particular, we suggest that
this will be the case even when the organism which detects such apparently use-
less information and the one which does not make use of the same number of bits.
Our model then suggests that, in general, an organism whose visual representa-
tions were at least partially accurate would be more successful from an evolution-
ary point of view.

4 Cf., in particular, Mark, Marion, and Hoffman 2010, Hoffman and Manish 2012, Hoff-
man, Manish, and Mark 2013, Hoffman, Manish, and Prakash 2015.

5 Alvin Goldman, the father of process reliabilism, found it plausible to suppose that “many
cognitive functions subserving the attainment of true beliefs [...] were selected for in evo-
lution because of their biological consequences, that is their contribution to genetic fitness”
(Goldman 1986: 98, quoted in Stich 1990: 161).

¢ Consider, e.g., the following two passages from Ruth Millikan and Daniel Dennett re-
spectively: “The mechanisms in us that produce beliefs [...] all have in common at least
one proper function: helping to produce true beliefs” (Millikan 1984: 317, quoted in Stich
1990: 162); “natural selection guarantees that most of an organism’s beliefs will be true”
(Dennett 1981: 75, quoted in Stich 1990: 55).

As we shall see, the information in question is here said to be ‘apparently’ (as opposed to
‘actually’) useless in the sense that, by gathering it, the organism will incur costs which—
while increasing its fitness in the long run—are bound to have an immediate negative impact
in terms of fitness. Thanks to an anonymous referee for inviting us to clarify this point.
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The plan is as follow. In the next section we will introduce a basic formal
framework which allows us to define three different perceptual strategies, dubbed
realist, critical realist and interface strategy respectively. This framework will also
provide us with the means to gauge the accuracy of each strategy. In section 3 we
will then consider and assess H&C’s argument for the inaccuracy of our visual
representations, according to whose general conclusion an interface strategy will
in the long run clearly outcompete a critical realist one. In section 4 we put for-
ward an alternative model in order to show that, once a biologically more realistic
view of the environment is incorporated into the model, a critical realist strategy
will in the long run outcompete an interface one. In section 5 we will sum up our
considerations and draw some conclusions.

2. Perceptual Strategies

In line with most contemporary philosophical theories of perception we will as-
sume that perception is at bottom a representational process, i.e., that our percep-
tual systems represent reality by ascribing various features to individual objects as
well as to the visual scene as a whole.® As H&C focus on vision, our first task will
consist in developing a plausible and empirically testable model of visual percep-
tion, accordingly conceived as a process whereby a given environmental stimulus
causally interacts with our visual system, thereby giving rise to a more or less
accurate representation of its source—i.e., a visual representation. So let us do just
that.

Our model—just as any model—will inevitably involve a fair amount of ide-
alization. So let us begin by thinking of an organism’s environment as a given set
E of features. Every subset of E can then be seen as a stimulus capable of causing
in the organism a corresponding subset of a further set V of visual representations.
Let us now call Tg and Ty the “best possible theories” of, respectively, E and V,
and let us further conveniently suppose that these two theories are developed
enough to possess their respective state-spaces St and Stv.” By so doing, we can
then let a representation function F stand for the organism’s ability to visually rep-
resent its environment, and an inverse causal function Q stand for the environ-
ment’s causal effects on the organism’s visual system—whereas F will map Stv
regions onto Stg ones, Q will map Stg regions onto Stv ones. A perceptual strategy,
at this point, will be a composite function FQ that maps Stg regions onto Stg ones.

We can now provide an exact definition of three distinct perceptual strategies
that, following H&C, we may call realist, critical realist, and interface respectively.

8 Cf,, e.g., Nanay 2013, Siegel 2006, Brogaard 2014, and Ferretti & Zipoli Caiani 2019. In
spite of various interesting attempts at developing nonrepresentational views of perception
(cf,, e.g., Noé 2004, Chemero 2009, and Hutto and Myin 2013), representationalism still
remains the dominant view on the matter, and this is arguably mainly due to the undenia-
ble explanatory advantages of the latter (cf. Pautz 2010, Nanay 2013), especially in case of
the study of perceptual reality (Ferretti, forthcoming). It is however clear that, if perception
were direct even in a weak sense, then H&C would be a fortiori wrong.

° We hasten to add that, for the purposes of the present argument, there is no need to think
of our ‘best possible theories’ as actual scientific theories—Tg and Ty are rather intended
as merely useful fictions whose sole purpose in what follows will be to illustrate our pro-
posal concerning the measurement of visual representations’ accuracy. Thanks to an anon-
ymous referee for inviting us to clarify this point.
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Letting rsg stand for a given region of Stg, we can postulate that a perceptual strat-
egy will be a realist one if FQrsg = rsg—i.e., if our visual representations perfectly
mirror the environmental stimuli that give rise to them. A strategy will instead be
a critical realist one if there is at least a subspace of Stg (call it S'rg) within which,
as it were, realism holds—i.e., within which, if rsg is a region of S'rg, and S'te C
Ste, then FQ rsg = rse. A strategy will finally be an interface one if 't = &' (cf.
Fig. 1).

O
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Fig. 1 — A certain set of stimuli—represented by the ellipse in the state space of the
environment (Stg)—causes the changes described by function Q, i.e., a certain modi-
fication in the visual field of the organism (Stv)—the ellipse on the right. Such modi-
fication in turn constitutes an attempt to represent (F) the initial set of stimuli—the
dotted ellipse on the left. There will hence be three possible situations: a: Interface
strategy, b: Realist, and c: Critical Realist.

In light of the above, we can now think of the accuracy of our visual representa-
tions as a correspondence between the two state-spaces Ste and Stv. In particular,
our framework will allow us to measure such accuracy through the distance dgvy
between the (objective) conjunct probability measure on Stg—i.e., pgg—and the
conjunct probability measure on Styv—i.e., pyy. This last point perhaps requires

¥ However, an organism implementing an interface strategy will still be sensible to envi-
ronmental discontinuities, and it will therefore preserve a residual representational capacity.
Our definition is only meant to capture the idea that the representational contents of a
perceptual system implementing such a strategy will be so far removed from a completely
accurate representation of the environment as to have virtually zero accuracy. Thanks to
an anonymous referee for inviting us to clarify this point.
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some clarification. Perceptual strategies have earlier been defined relative to the
state-space of our “best possible theory” Tg of the environment—i.e., Stg. It must
be kept in mind, however, that neither an individual visual representation belong-
ing to Stv, nor an individual stimulus belonging to St are themselves directly
accessible for us. As a consequence, the only viable way to assess the relevant
distance (dev)—and to thereby decide which one of the three perceptual strategies
is actually being implemented—will be to rely on the conjunct probabilities of
distinct stimuli, and of distinct visual representations respectively. In operational
terms, then, the relevant question will not have the form: What is the probability
that the organism will experience a visual representation of red, given that a red
distal stimulus is being instantiated? But rather: What is the probability that it will
experience two adjacent visual representations (e.g., a green and a red one), given
that two corresponding adjacent distal stimuli—a green and a red one—are being
instantiated? It is the answer to this latter question that will in fact give us a meas-
ure of the visual system’s accuracy.

The distance dgv can then be normalized so that, when two measures are the
same, its value will be “0”, and when two given elements xg and yg of an algebra
defined on Stg are such that “pvv (xv, yv) = 1 — pee (Xg, ye)” its value will be “1”.
At this point it will be reasonable to posit that a critical realist strategy will deter-
mine a value of dev < 0.5, an interface strategy will determine a value of dev >
0.5," and a realist strategy will hold when dev = 0. With this formalism in place,
let us now move on to consider H&C’s main argument for the purported inaccu-
racy of our visual representations by focusing on the interplay amongst the per-
ceptual strategies defined above.

3. The Case for Interface

Evolutionary game theory is arguably the best way to predict the evolution of a
discrete phenotypic trait whose fitness depends on its frequency within a popula-
tion.'? The general idea is that a trait’s fitness could be affected by its frequency.
Consider, for instance, the random appearance, on a butterfly’s wing, of a pig-
mented region which just so happens to mimic the eye of a snake. This random
mutation will presumably have the immediate effect of decreasing the butterfly’s
chances to be eaten by a bird, thereby increasing its fitness. The mutation in ques-
tion, however, will only have this effect (i.e., misleading birds into believing that
a butterfly is a snake) if it makes its appearance in a limited number of butterflies.'*
In our present case, the trait will of course be a perceptual strategy coexisting with
other strategies, and whose fitness will therefore also depend on the frequency of
its rivals. As we anticipated above, H&C hold that fitness-maximization is bound
to have a negative impact on the overall accuracy of our visual representations,
as an interface strategy, in their view, would clearly outcompete—and hence, in
the long run, drive to extinction—a critical realist one.'* In order to substantiate

! For the sake of simplicity, we are here focusing on binary features only (such as, e.g.,
black/white). With respect to such features, it seems reasonable to assume that getting
them right 50% of the time is tantamount to having zero information about the environ-
ment.

12 Cf. Rice 2004: 263.

13 We would like to thank an anonymous referee for encouraging us to clarify this point.
1 Cf., e.g., Mark et al. 2010: 504.
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this claim, they ask us to consider the following evolutionary game in which all
three of our perceptual strategies—i.e., realism, critical realism, and interface—com-
pete with each other.

The playing field features three different territories, and only one resource
whose values range from 1 to 100. Utility—which is proportional to fitness—is
represented by a Gaussian with its peak at 50, and it is therefore not proportional
to the quantity of resource to be found on each territory. Now, whereas the realist
strategy will gather all of the available information, the critical realist one will in-
stead only rely on three visual representations (e.g., three different colors standing
for different resource quantities), and the same will be the case for the interface
strategy. The difference between the two latter strategies lies in the way in which
the three colors are used (cf. Fig. 2).

A

v

v

Interface strategy

Fig. 2 — Critical realist strategy (above); Interface strategy (below). On the x-axis the
quantity of resource; on the y-axis the utility. The difference between critical realist
and interface strategies is expressed through diverse distributions of colors. The dif-
ferent colours are represented through the diverse types of filling: points, horizontal
lines and diagonal lines. It is evident that the use of colors in the interface strategy is
more useful—in terms of fitness—than its counterpart in the critical realist strategy.

As we can see from the two graphs in Fig. 2, while the critical realist strategy
will disregard the utility curve and simply associate the three colors with the in-
creasing quantity of the resource, the interface strategy will keep track of utilities
only. Now, as resource quantity and utility are non-monotonically related, each
strategy will incur the costs associated with the process of gathering information
about the environment and calculating its corresponding utility. It follows that
the interface strategy will soon outcompete the critical realist one.

On closer inspection, however, this stage seems clearly and intentionally set
to put critical realism at a disadvantage. Indeed, by keeping perceptual complex-
ity fixed, the interface strategy will obviously have a running start. And yet, as we
shall presently see, additional considerations may easily turn the tables on the
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interface strategy. As it has been objected, for instance," organisms often tend to
homeostasis, and hence have an interest in knowing whether the quantity of a
given resource happens to be above or below a certain threshold. When this is the
case, the critical realist strategy will have an advantage over its interface counter-
part. While this objection seems to point in the right direction, in the next section
we will argue that H&C’s view of human perception is beset by a more funda-
mental limitation of their model.

4. Making Room for Change

To shed light on what we regard as the main drawback of H&C’s model, let us
now consider the following simple case. Suppose that the organisms competing
in our game are sparrows, and the resource are little worms. Given that worms
evolve, we can easily imagine that a small and apparently inconsequential ran-
dom mutation will at some point significantly decrease the size of a small number
of individuals in their population. And we can further imagine that—as the spar-
rows’ foraging strategy tends to zero in on bigger preys—the new trait will spread
rapidly across the worms’ population. This latter fact will in turn obviously alter
the ratio between the utility of the resource and its quantity (expressed in number
of worms). The point now is that, under the imagined circumstances, a sparrow
implementing an interface strategy will accordingly still “think” that the same
number of worms is needed in order to maximize utility, and will hence end up
lagging behind in terms of fitness.'® Its critical realist competitor, on the other
hand, will “know better” and accordingly move to an area where either more or
bigger worms are to be found.

Cases similar to the above, we believe, clearly suggest that slight modifica-
tions in the environment can bring about serious disadvantages for organisms im-
plementing an interface strategy. Indeed, by completely disregarding apparently
useless information—such as, e.g., worms’ size—the organisms in question will
be utterly unresponsive to possible environmental modifications that do however
have a significant impact on utility. Our main point is hence that, given a static
environment, a strategy targeting utility will clearly outcompete one aimed at rep-
resenting reality. In a situation where the environment changes, however, the op-
posite will be the case.

This can be shown by means of a very simple model in which an interface
strategy will initially prevail over a critical realist one and yet this trend will re-
verse in due time because of modifications in the environment. According to the
model in question, in other words, when the environment is held fixed and each

15 Cf. Anderson 2015.

'8 The reason is that, immediately after the environmental change has taken place, a spar-
row implementing an interface strategy will still lack the information that, in order to max-
imize utility, it will need to eat more worms. This is due to the fact that it will presumably
take generations for a visual system implementing such a strategy to retune to the new util-
ity distribution. As a real-life example of this dynamic, we can think of the extinction of
dinosaurs after an asteroid hit the Yucatan Peninsula 66 million years ago thereby causing
vast and sudden environmental changes. Their extinction was due to their incapacity to
change rapidly their genetic code to face the new situation. Thanks to an anonymous ref-
eree for inviting us to clarify this point.
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organism has the same number of bits at its disposal, a strategy aimed at increas-
ing utility will outcompete one aimed at representing reality. As the environment
changes, however, the opposite will be the case.

Let us consider a genus ®, divided in two species o and @cg—each imple-
menting an interface, and a critical realist strategy respectively—and let us sup-
pose that the environment within which the two species compete features two
resources, x and y, whose density happens to fluctuate over time with a slight
difference of phase. Let us then additionally suppose that the overall resource util-
ity is not proportional to the mere sum of x and y’s density, but that it also depends
on a further term related to the difference between their phases. Consider now the
different ways in which or and ocr will respectively go about gathering infor-
mation. Whereas o will approach this task just by assessing the exact resource
utility of an initial environmental situation, @cr will instead at least keep an ap-
proximate track of the density fluctuation in the two resources. In can be shown
that, in a similar setting, @ would initially outcompete ®cr, as its perceptual
strategy will for a while do a better job at tracking utility. As time goes by, how-
ever, ocr’ rough estimate of x and y’s density fluctuations—i.e., its relative re-
sponsiveness to environmental changes—will prove extremely valuable, as it will
allow for a much better long-term assessment of their utility. At the end of the
day, then, ocg will be better off than @ from an evolutionary point of view."’

While this simple model is admittedly limited in scope, the assumptions
upon which it rests seem quite reasonable. We take those assumptions to be the
following:

(1) Environments change.

(2) Many environmental features display an oscillating pattern.

(3) Utility is not in general the mere sum of two such features.

(4) A constant utility function is not appropriate to represent utility in a chang-
ing environment.

(5) Knowledge of the environmental features’ variation, while itself insuffi-
cient to locate the real utility function, nonetheless seems a reasonable
starting point to assess utility in a changing environment.

5. Conclusions

If perception is the only way to acquire information about our environment and
it turns out to be not even partially accurate, then investigating Homo sapiens and
its environment would amount to merely inspecting our subjectivity. Yet modern
science’s moral and cognitive mission also consists of pursuing fallible and revis-
able attempts at formulating justified hypotheses about Homo sapiens, its origins
and the world it inhabits. Many cultural milieus encourage the idea that empirical
science cannot make any justified claims about the external world, independently
of the way in which that world is perceived or thought of. If perception were com-
pletely inaccurate, this idea would be reinforced. We believe, however, that
whether and to what extent human perception accurately represents the world is
an epistemological matter which can be empirically investigated at least indirectly
by using evolutionary mathematical models. We showed the limits of H&C'’s at-
tempts at establishing the negative impact on fitness of an accurate representation

17 Cf. Angelucci et al. 2021 for the mathematical derivation of this result.
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of the world. Our model is clearly only a sketch at this stage, and it certainly
requires further development. Indeed, we are confident that, given reasonable as-
sumptions concerning what should count as an accurate perceptual representa-
tion, it should be possible to empirically investigate the comparative fitness of
different perceptual strategies along the lines suggested by H&C. We also believe,
however, that such investigation should carefully take into account modifications
in the environment.'®
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