
How natural selection can favor perceptual objectivity

Abstract. There is broad agreement among researchers on the senses that sensory systems have
evolved to facilitate adaptive responses to the environment. There is also considerable agreement on the
issue of how sensory systems promote biologically successful behavior: they do so by conveying
information about states of the environment that make a difference to the success of the organism’s
outputs. Should we conclude that the senses are similar in nature to our everyday carbon monoxide
alarms and smoke detectors, systems limited to the role of conveying information relevant to the user’s
practical interests? Or does nature sometimes favor sensory systems more akin to photometers and
thermometers designed by physicists to provide a disinterested or detached perspective on the world? To
answer this question, we need to get clear about what kinds of problems sensory systems have evolved
to confront and how they go about confronting them. The thesis defended in this paper is that, while
specialist sensory systems are similar in function to smoke alarms and carbon monoxide detectors, many
generalist sensory systems have evolved to impart a more disinterested or objective point of view on the
world.

1. Introduction

It is reasonable to wonder whether organisms with different needs and abilities live in different
perceived worlds. Researchers on the senses are in broad agreement that sensory systems
have evolved to facilitate adaptive responses to the environment and that they do so by
conveying information about the environment.1 Sensory systems earn their keep by conveying
information that makes a difference to the success of the organism’s outputs. Notice, though,
that which information an organism needs is going to vary substantially depending on its
behavioral repertoire. Each form of life would seem to require an idiosyncratic, agent-centered
point of view on the world—what Kathleen Akins (1996) calls a narcissistic perspective. We end
up with the conclusion that nature selects in favor of biased sensory systems shaped by the
exigencies peculiar to each specific way of life.

Reflection along these lines suggests that we ought to think of sensory systems as more akin to
our everyday carbon monoxide alarms and smoke detectors than to, say, thermometers and
photometers deployed in physics experiments. Just as carbon monoxide alarms and smoke
detectors are designed with the user’s practical interests in mind, so too the senses are selected
for their ability to convey information about aspects of the environment relevant to action—what
J. J. Gibson (1986) calls affordances. Ruth Millikan (2006: 101) endorses this view of the
senses when she writes “I agree with Gibson that basic perception is perception for action,
indeed, that basic perception is perception of affordances.” Donald Hoffman (2012: 11)
advocates the same broad view in different terminology when he states that “utility, not truth, is
what perception needs to report.” According to Hoffman, the senses are not concerned with
truth understood as fidelity to how things are independent of the organism’s biological interests;
rather, they have evolved to convey information about what contributes to utility understood as
fitness. In the same spirit, Mazviita Chirimuuta (2017: 151) recommends a view she calls

1 This broad perspective on the senses is common ground between constructivists like Marr (1982: 32-4)
and Palmer (1999: 6), on the one hand, and proponents of ecological theories of perception like Gibson
(1986: 140-1) and Rogers (2017: 27-9), on the other.
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perceptual pragmatism, according to which we ought to assess sensory states by the pragmatic
standard of usefulness rather than the detectionist ideal of correspondence.2

The aim of this paper is to challenge the claim that nature always favors narcissistic sensory
systems. Whether nature favors systems biased in this way depends on what problems the
systems have evolved to confront and how they go about confronting them. In what follows the
focus is on two interrelated problems I call the problem of ecological complexity and the problem
of ecological instability. In §2 I explain how specialist sensory systems are able to address the
problem of ecological complexity. A sensory system counts as a specialist system when it has
evolved solely to facilitate a specific output. As we shall see, there are reasons to expect
specialist sensory systems in nature to work like fire alarms and carbon monoxide detectors.
They have the limited task of conveying information about aspects of the environment that
impact the success of the organism’s outputs. In §3 I introduce the further problem of ecological
instability and show how generalist sensory systems offer a robust solution to the problem. In §4
I argue that these generalist systems routinely address the problem of ecological instability by
transcending the narcissistic perspective of specialist systems, channeling information about
aspects of the environment which are objective in the sense that they are interest-independent.3

Generalist systems have the job of tracking these aspects of the environment even though they
do not themselves make a difference to the success of the organism’s outputs.

2. The evolutionary origins of sensory systems

Suppose an organism’s environment exhibits ecological complexity in the sense that
environmental conditions vary in ways relevant to the organism’s needs. The organism is faced
with changes in how critical resources and threats are distributed temporally and spatially. In
environments that manifest this sort of ecological complexity, there will often be selective
pressure on the organism to coordinate specific outputs with specific environmental conditions
(Godfrey-Smith 1996 and Sterelny 2003). After all, this kind of coordination is often integral to
whether an output achieves its evolutionary purpose understood as what it was selected for. For
example, many evasive maneuvers in nature accomplish what they were selected for (avoiding
predation) only when predators are present. A crucial component in achieving biological
success is managing to coordinate evasive movements with the presence of predators. Stated
in the familiar terminology of signal detection theory, successful coordination takes the form of
hits (evasive maneuver when a predator is present) and correct rejections (no evasive
maneuver when predators are absent); failures of coordination manifest as either misses (no
evasive maneuver when a predator is present) or false alarms (evasive maneuver when
predators are absent).4

4 For an introduction to signal detection theory, see McNicol 1972.

3 The kind of objectivity at issue here should be distinguished from the form of objectivity discussed by
Burge (2010), who asks how perception manages to be about distal features of the object as opposed to
proximal features of the stimulus. For more recent discussion, see Schulte 2018 and Artiga 2021. In what
follows, I use the term “stimulus” inclusively, referring to both proximal and distal stimuli.

2 See also Koenderink 2011, Lotto 2017, and Lupyan 2017.
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predator present predator absent

evasive maneuver hit (coordination) false alarm (failure)

no evasive maneuver miss (failure) correct rejection (coordination)

We can refer to this challenge posed by variation in environmental conditions as the problem of
ecological complexity. My conjecture is that the evolutionary origins of sensory systems
ultimately trace back to this problem. The emergence of sensory systems goes hand-in-hand
with the emergence of sensory tasks aimed at achieving coordination in the form of hits or
correct rejections. Sensory systems promote this form of coordination by allowing the organism
to condition its behavior on stimulus conditions. Conditioning outputs on a stimulus is a matter of
exploiting the stimulus as a stimulus or catalyst. It is about being set up to be set off by the
stimulus. Rather than producing the output independently of what is going on in its
surroundings, the organism produces the output conditional upon the receipt of a specific
stimulus. Natural selection can favor this behavioral strategy of conditioning outputs on stimulus
conditions when doing so has a positive influence on the rate at which the organism achieves
coordination. Borrowing once again from signal detection theory, we can distinguish several
measures of success rate.

● Accuracy: the sum of hits and correct rejections divided by the total number of observed
trials

● Hit rate: the number of hits divided by the sum of hits and misses (left column)
● Precision: the number of hits divided by the sum of hits and false alarms (upper row)

Which type of success is important varies across different outputs and different ecological
contexts.

It will be helpful to have an example in mind going forward. Some marine annelids exhibit a
defensive withdrawal response to sudden decreases in illumination (Ayers et al. 2018). These
worms are hard-wired to condition their evasive movements on sudden onset of darkness
because doing so allows them to correlate evasive movements with shadow-casting predators
looming above. The behavioral strategy has been favored by natural selection because of its
positive influence on the success rate of the evasive maneuver. In this case the costs
associated with misses substantially outweigh the costs associated with false alarms, so there is
reason to expect that the behavioral strategy is aimed at prioritizing a high hit rate.5

5 In other cases, avoiding false alarms can be an organism’s priority, so that precision becomes a relevant
measure of performance (Godfrey-Smith 1991). Here it is helpful to think about outputs which are largely
or wholly irreversible, as can be the case with both developmental and reproductive outputs. Decisions to
mate, to flower, to germinate can all be high-stakes decisions, where proper coordination with
environmental conditions is one of the keys to success and false alarms are not easily tolerated. Think,
for example, of cases where a female’s mating opportunities are relatively plentiful, including opportunities
with heterospecific males. There may be a genuine threat that the female ends up with a heterospecific
male, so the female has the important sensory task of discriminating conspecific mating opportunities
from heterospecific ones. In this sort of context it can make sense for the female to rely on a stimulus like
a pheromone, where there is a high probability the environmental condition obtains, given the stimulus.
This strategy is conducive to promoting precision.
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It is easy to see how the strategy of exploiting stimuli as stimuli might help organisms achieve
coordination between their outputs and complementary environmental conditions. Suppose
there is a correlation between the proximal stimulus and the environmental condition of
importance to the organism: the stimulus raises the probability of the relevant environmental
condition. In other words, the conditional probability of the environmental condition, given the
stimulus, is higher than the unconditional probability of the environmental condition. For
example, suppose that sudden onset of darkness raises the probability that a predator is
looming above. In that case, the strategy of conditioning behavior on the stimulus can increase
the likelihood of achieving coordination over the strategy of acting regardless of stimulus
conditions.

We can restate the proposal in the following terms. The strategy of conditioning outputs on
stimulus conditions promotes coordination between outputs and environmental conditions
because the stimulus carries correlational information about the environment. It is standard in
this context to define correlational information in probabilistic terms. A stimulus carries𝑆
correlational information about an environmental condition if and only if changes the𝐸 𝑆
objective probability of , i.e. , and this correlation between and is𝐸 𝑃(𝐸|𝑆)≠𝑃(𝐸) 𝑆 𝐸
non-spurious—it persists for a reason (Shea 2018).6 This way of thinking about the information
carried by a stimulus has the consequence that information is

● mind-independent or “out there” in nature because the probabilities in question are
objective (relative frequencies)

● predictive or reliable because the correlation persists for a reason
● informative or instructive because must change the probability of and not simply𝑆 𝐸

co-occur with 𝐸
The proposal is that correlational information sometimes plays an explanatory role: the strategy
of conditioning outputs on stimulus conditions succeeds in increasing the rate at which the
organism aligns its outputs with suitable environmental conditions because the stimulus carries
correlational information about the environment.

When does information play an explanatory role in confronting the problem of ecological
complexity? A plausible requirement is that the sensory system has to possess the kind of
structural complexity distinctive of information channels. In its canonical form, an information
channel possesses a sender-receiver structure with signals conveyed from the sender to the
receiver.7 A sender in a sender-receiver configuration (signaling system) is something capable
of receiving a stimulus as input and generating a signal as output, while a receiver is something
capable of receiving the signal as input and generating an activity as output. Sensory systems
satisfy this requirement by decomposing into structurally distinct receptor and effector elements.
The receptor moves from receipt of a stimulus as input to production of a signal as output, and

7 Sender-receiver configurations are central posits of the mathematical theory of information and
communication (Shannon 1948) and of game-theoretic treatments of signaling (Lewis 1969; Skyrms
1996, 2010). For the idea that sensory systems are signaling systems, see Ganson 2018.

6 One goal of this paper is to showcase the importance of correlational information for theorizing about
both specialist and generalist sensory systems. For a complementary discussion, see Stegman 2015. The
definition of correlational information deployed here is due to Shea (2018). For closely related accounts,
see Skyrms 2010 and Scarantino 2015.
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the effector moves from receipt of the signal as input to production of an active response to the
signal.

Sensory systems with this kind of internal complexity are well suited to address the problem of
ecological complexity. The problem of ecological complexity requires organisms to coordinate
their outputs with suitable states of the environment. A signaling system achieves this sort of
coordination by exploiting stimulus conditions in two ways. First, the system exploits the
stimulus as a stimulus or catalyst. The system is set up to be set off by the stimulus condition,
with the stimulus triggering receptor signaling and the receptor-issued signal, in turn, triggering
the receiver’s response. In this way, the sender-receiver configuration allows an organism to
condition its outputs on stimulus conditions. Second, the system exploits the stimulus as a
carrier of information. By reliably signaling in response to the stimulus, the sender is able to
relay the information carried by the stimulus to the receiver. If the stimulus changes the
probability of some world state, the receptor-issued signal, in turn, changes the probability of
that same world state and thereby transmits information relevant to biological success. The
organism is in a position to make use of the information carried by the stimulus, bringing its
outputs in line with advantageous conditions.

Exploiting a stimulus for information goes beyond just exploiting it as a stimulus or catalyst.
When we say that an organism is exploiting the stimulus for information it carries, we are stating
a testable hypothesis regarding the role of information in achieving biological success. Suppose
our hypothesis is that an organism is exploiting a stimulus for correlational information in order
to coordinate its flight response with the presence of predators. We can restate this hypothesis
by saying that the correlational information carried by the stimulus makes a difference to
successful coordination in the form of hits or correct rejections. We can test this hypothesis by
intervening on the correlation between the stimulus and the biologically important aspect of the
environment (presence of predators), leaving the stimulus’s role as a stimulus unaltered. We
isolate the role of information by making information-specific interventions on the stimulus,
holding fixed the organism’s use of the stimulus as a stimulus or catalyst. The independent
variable of the experiment is the extent to which the stimulus changes the probability of the
relevant state of the environment (presence of predators). The dependent variable is the
organism’s rate of success in coordinating its flight response with the presence of predators,
measured in terms of accuracy, hit rate, or precision.

As an illustration, consider again the marine annelids which condition their evasive movements
on sudden onset of darkness. We can experimentally isolate the contribution that correlational
information makes to behavioral success by manipulating the correlation between sudden onset
of darkness and the presence of predators in the local environment of the test subjects, holding
fixed the natural tendency of these worms to be set off by the absence of light. The independent
variable of our experiment is the extent to which sudden onset of darkness raises the probability
of the presence of a predator in the creature’s environment and thereby carries information. The
dependent variable is the success rate of the withdrawal response. As noted above, there is
reason to expect that the relevant measure of success is the hit rate of the response. The
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hypothesis guiding our experiment is that the worms are exploiting the stimulus for information
in the interest of achieving a higher hit rate.

The experimental method of intervening on information is not only useful for determining
whether an organism is exploiting a stimulus for information; it is also helpful for determining
which information carried by the stimulus is crucial to the success of the behavioral strategy.
When we define the information carried by a stimulus as the way the stimulus changes objective
probabilities, we have to acknowledge that a typical stimulus will carry a lot of information.
Sudden onset of darkness below the water’s surface can correlate with a lot of things, including
the presence of harmless boats and various cloud formations. To isolate the information relevant
to the success of the worm’s behavioral strategy, we can intervene experimentally on the
correlations in its environment. The information carried by a stimulus is integral to the success of
a behavioral strategy only if the information is an independent variable influencing the biological
success of the outputs in question.8

With these preliminaries in hand, we can return to our initial question of whether sensory
systems in nature deliver a narcissistic perspective on things. Does nature always favor a
biased point of view skewed towards the specific interests of the organism or does it sometimes
favor systems that provide an impartial or unbiased perspective on the world? We are posing
this question within an information-theoretic approach to the senses, asking what sort of
correlational information sensory systems have evolved to convey. Have they evolved for the
purpose of conveying information about states of the world that make a difference to the
biological success of the organism’s outputs? For lack of a better term, we can refer to these
action-relevant states of the world as affordances. Is there just one type of information sensory
systems have evolved to convey, namely, information about affordances? Our proposed method
for addressing the issue involves making information-specific interventions on the relevant
stimulus conditions. This method is designed to reveal which information carried by the stimulus
is crucial to the biological success of the organism’s behavioral strategy.

So far our focus has been on original sensory systems. Think of an original sensory system as a
system that emerges through natural selection without deriving from previously existing sensory
systems. I am making several suppositions regarding original sensory systems. First, I am
supposing that original sensory systems emerge in response to the problem of ecological
complexity, the problem of coordinating outputs with environmental conditions that impact the
biological success of the outputs, i.e. with affordances. Second, I am supposing that original
sensory systems are specialist solutions to the problem, each dedicated to confronting a
specific coordination problem. The idea here is that multi-purpose sensory systems are likely to
emerge through the addition of further functions to previously existing specialist systems. Third,
I am supposing that the type of information crucial to addressing these specific coordination

8 We need to distinguish interventions which alter the likelihood of achieving coordination from
interventions which alter the biological success that comes with achieving coordination. Our interest here
is in the former type of intervention. We are concerned with relatively direct ways of adjusting the
information carried by the stimulus, not indirect adjustments brought about by altering the very interests of
the organism. The idea is to hold the ecological facts fixed as much as possible, while altering the
predictive value of the stimulus.
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problems is information about the affordance in question. Coordination is achieved by
conditioning outputs on a stimulus condition that changes the probability of the relevant
affordance. If these various suppositions about original sensory systems are correct, we will
have to look elsewhere in our search for perceptual objectivity.

Before we turn to generalist sensory systems, it may be helpful to provide further examples of
specialist systems in nature.

● Some parasitic marine fungi rely on phototaxis in order to migrate to locations where
their preferred hosts (algae) reside (Muehlstein et al. 1987). The fungi are set up to be
set off by light because algal photosynthetic activity is more likely to be found in the
direction indicated by photoreceptor stimulation.

● Plants make use of the ratio of red light to far red light with the aim of assessing local
competition for light from other plants. Since plants tend to absorb more red light than far
red light, a lower proportion of incident red light raises the probability that there are
competitors in the immediate surroundings. This stimulus condition can trigger a shade
avoidance response: the plants elongate their stems with the aim of reaching sunlight
(Ruberti et al. 2012).

● Some parasitic plants have evolved to germinate in response to sensing plant hormones
(Conn et al. 2015), which raise the probability that a suitable host is present.

● Ovulation in female honeycomb groupers is triggered by perception of a specific
pheromone released by conspecific males (Amagai et al. 2022). The pheromone serves
as a signal for the presence of appropriate mates.

● Some water fleas of the genus Daphnia exhibit phenotypic plasticity in response to
chemical cues suggesting the presence of predators in the form of tadpole shrimp
(Petrusek et al. 2009, Weiss 2019). Perception of these cues induces the development
of a “crown of thorns,” a morphological trait known to reduce the threat posed by tadpole
shrimp.

In these and countless other cases, specialist sensory systems in nature have the limited role of
conveying information relevant to the success of a specific output, thereby increasing the
success rate of the output in question.

3. The evolutionary origins of generalist sensory systems

The behavioral strategy associated with specialist sensory systems involves conditioning a
specific output on a specific stimulus condition in order to take advantage of the fact that the
stimulus non-accidentally changes the objective probability of a state of the world pertinent to
the biological success of the output. The strategy contributes to fitness by increasing the rate at
which the organism succeeds in coordinating the output with the complementary environmental
condition. An obvious limitation of this behavioral strategy is its relative inflexibility. Which
correlations are relevant to an organism’s behavioral repertoire can change over space and
time. Whether a stimulus is informative about something important can vary across different
environments or over time in the same environment. In this context of emphasizing instability, it
makes sense to adopt terminology familiar from the psychological literature on learning and
refer to these informative correlations as contingencies. Each specialist sensory system is
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dedicated to exploiting one specific contingency, and is ill-suited to make use of further
contingencies that may appear over the course of an individual organism’s lifetime. We can refer
to this challenge posed by variation in contingencies as the problem of ecological instability.

A robust solution to the problem of ecological instability would allow an organism to exploit novel
contingencies in a timely manner. The organism would have the capacity to start and stop
conditioning outputs on a stimulus, adjusting its behavior in response to its history of exposure
to correlations. It would have the ability to start conditioning an output on a stimulus that exhibits
a biologically significant contingency and to extinguish conditioning as the contingency fades. Of
course, nature has engineered a robust solution to the problem of ecological instability along
these very lines, one that is widespread in the animal kingdom. The solution is to have sensory
systems equipped for associative learning in the form of conditioning. Classical and operant
conditioning allow organisms to make use of novel contingencies in the interest of achieving
beneficial coordination between outputs and environmental conditions.

Classical conditioning builds upon specialist strategies for solving the problem of ecological
complexity: it allows a creature to expand the range of stimuli which prompt beneficial
coordination between behavior and environment. Consider the corneal reflex in humans, a
defensive reflex which has evolved to coordinate a blinking response with tactile stimulation of
the cornea. This specialist strategy makes use of the fact that the unconditioned stimulus
(contact on the cornea) raises the probability of imminent threat to the eye. Suppose a neutral
stimulus—a stimulus that does not elicit any specific response—comes to be informative about
the unconditioned stimulus. For example, a specific tone might be consistently paired with
contact of the cornea. Normal human observers exposed to this correlation come to condition
eye blinking on the presence of the tone. In natural settings, conditioning eye blinking on the
informative stimulus is apt to boost the hit rate of the defensive response, i.e. increase the rate
of defensive blinking in the presence of genuine threat to the eye.

A different strategy for making use of novel contingencies is manifest in operant conditioning, a
form of feedback-based learning in which animals become more likely to produce or forgo a
specific behavior (the operant response) in the presence of a neutral stimulus (the discriminative
stimulus). The animal continues to perform behaviors that are rewarded in the presence of the
discriminative stimulus, and discontinues those that are punished. For example, a rat might
learn to produce a lever press (operant response) in the presence of a specific sound
(discriminative stimulus) because the behavior is rewarded with delivery of food under those
circumstances. Alternatively, it might learn to forgo pressing the lever in the presence of the
sound because the behavior is punished with delivery of a shock. Through conditioning the
organism comes to be responsive to novel contingencies, coordinating its outputs with
environmental conditions in accord with feedback designed to promote biologically
advantageous behavior and discourage disadvantageous behavior.

These robust forms of behavioral flexibility—these ways of conditioning behavior on stimuli as
the stimuli come to exhibit novel contingencies—depend on the deployment of generalist
sensory systems. While specialist systems are each tailored to a specific contingency, generalist
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systems are poised to exploit an open-ended number of informative correlations. In order to
determine whether to start or stop conditioning behavior on a stimulus, the organism must
gather information about the stimulus—information about what correlational information the
stimulus carries, a kind of second-order information. The role of the generalist sensory system is
to monitor the occurrence of the neutral stimulus. The generalist system deploys states internal
to the organism (sensory states) that non-accidentally correlate with the neutral stimuli, and
thereby carry information about their presence. Through mechanisms of associative learning,
the organism is able to register correlations that hold between the neutral stimuli and other
stimuli or behaviors. In this way the organism is able to discover novel contingencies and make
good use of them.

Consider color vision in honeybees, a generalist sensory system which has evolved to facilitate
conditioning. Conditioning can play a critical role in shaping an individual bee’s foraging
behavior. For example, a bee might discover that violet flowers are currently rewarding
approach. Acquisition of nectar and pollen serves as positive reinforcement and the bee is likely
to persist in the rewarded behavior going forward. That is, the bee comes to condition its
approach response on the presence of the color violet, the discriminative stimulus. We know
that the bees are relying on a generalist sensory system because they use the same system to
exploit novel color-related contingencies in a variety of other contexts. For example, bees can
learn which of two colored lights to avoid in aversive conditioning experiments (Kirkerud et al.
2017), and can learn to condition their proboscis extension reflex (protraction of their tubular
tongue) on the presence of colored light in classical conditioning experiments (Kuwabara 1957,
Hori et al. 2006, Niggebrugge 2009). Honeybee color vision, then, is a generalist system that
allows bees to discover novel contingencies and make good use of them.

These conditioned behaviors exhibit a novel kind of sensitivity to information. In the previous
section I introduced a method for identifying the role information plays in specialist behavioral
strategies. The suggestion was that information-specific interventions can reveal how behavioral
success is sensitive to the correlational information carried by the stimulus. Generalist
behavioral strategies showcase an additional form of dependence on correlational information:
not only is behavioral success sensitive to the information carried by the stimulus; the behavior
itself is sensitive to the information-specific manipulations at work in standard conditioning
experiments. These experiments manipulate contingent correlations in the organism’s
environment, and thereby alter the correlational information carried by stimulus conditions.
Well-designed conditioning experiments can reveal an organism’s responsiveness to these
contingencies in its environment. For example, an experimenter deploying a classical
conditioning paradigm might intervene in such a way that the conditioned stimulus ceases to
raise the probability of the unconditioned stimulus. This kind of information-specific intervention
on the stimulus can provide evidence that the animal is sensitive to changes in the correlational
information carried by the conditioned stimulus. We have evidence of sensitivity to correlational
information if the intervention results in the extinction of the conditioned response.

Notice that the type of information relevant in this context is correlational information as we have
defined it. First, classical and operant conditioning are specifically responsive to stimuli that
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change probabilities (Stegman 2015). This aspect of conditioning is familiar from some of
Rescorla’s (1966, 1967, 1968, 1969) early experimental work. In one relevant experiment, rats
were exposed to correlations that did not change probabilities. For example, an electric shock
might accompany a tone in 20% of trials where the tone is present, but the shock would occur
just as often in trials where the tone is absent. Under these conditions, the rats failed to form an
association between the tone and the shock. Meanwhile, rats succeeded in associating the tone
with the shock when the tone raised the probability of shock by 20%. In this context, forming an
association (associative learning) is a matter of coming to be set up to be set off by the stimulus
(conditioned). The rats make use of the stimulus as a stimulus or catalyst when it raises the
probability of a shock.

Second, the success of classical and operant conditioning typically depends on correlational
information understood as something genuinely predictive or non-spurious. It is true that
spurious correlations can give rise to conditioned responses. For example, conditioning might
be elicited by a series of trials dictated by the whim of an experimenter. But when we are asking
about the success of the behavioral strategy—why conditioning is favored by natural
selection—we reasonably suppose that behavioral success hinges on whether the stimulus is
genuinely predictive. Associative learning in the form of conditioning is an important adaptation
because it allows an organism to take advantage of genuine correlations between stimuli and
environmental conditions. The notion of information relevant to the biological success of
conditioning is correlational information as we have defined it.

So, classical and operant conditioning typically contribute to fitness by making use of the very
same kind of information that specialist systems exploit: correlational information about
environmental conditions that impact the success of the organism’s outputs. Standard
conditioning experiments demonstrate sensitivity to information that is relevant to specific
domains of life activity such as foraging, mating, navigation, defense, and so on. For example, a
rat can associate a specific tone with a freezing response (in fear conditioning) or with an
approach response (in appetitive conditioning). This kind of behavioral flexibility displays
sensitivity to domain-specific information carried by the neutral stimulus. What is varied across
these conditioning experiments is the domain-specific correlational information carried by the
tone. At the same time the behavior exhibits sensitivity to something domain independent,
namely, the tone. That is what makes the strategy generalist as opposed to specialist. The rat is
able to respond to novel contingencies in various domains of life activity. It does so by
registering information about the occurrence of something (the tone) distinct from but routinely
correlated with environmental conditions that make a difference to the success of the rat’s
outputs.

We have arrived at an important difference between specialist and generalist sensory systems.
In its most basic form, a specialist sensory system has no need for information about the
occurrence of the stimulus. Behavioral strategies deploying specialist sensory systems
presuppose that the stimulus in question is informative about something important to the
organism. The organism is hard-wired to be set off by the stimulus, and thereby makes use of
the stimulus for information it carries about the environment. The need for information about the
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stimulus arises when the goal is to exploit novel contingencies. Whether it makes sense to
condition an output on a stimulus depends on what correlational information the stimulus is
carrying. The organism determines what information the stimulus is carrying by monitoring
information about the occurrence of the stimulus.

4. The evolutionary origins of objectivity

We are now in a position to see why evolution can favor sensory systems that convey
information about something other than affordances. The problem of ecological instability can
put pressure on organisms to register information about stimuli because the stimuli are suited to
bear informative relations to other things. It can be biologically advantageous for an organism to
gain information about the occurrence of a sound even though the sound does not itself make a
difference to the biological success of the organism’s outputs—even though it is not an
affordance. The sound can play a critical role in associative learning by conveying information
about other things—things that do make a difference to the success of the organism’s outputs.
Hence, the problem of ecological instability can favor generalist sensory systems that convey
information about more than just affordances.

Both specialist and generalist sensory systems contribute to fitness by exploiting stimuli for
information they carry about affordances. In the usual case these stimuli are not themselves
affordances. For example, the annelid’s specialist system exploits sudden onset of darkness
and the honeybee’s generalist system makes use of flower color. These stimuli do not make a
difference to the biological success of the organism’s outputs. They are not playing the role of
affordances. Rather, they serve to carry information about affordances. The important difference
between specialist and generalist systems for present purposes is that generalist systems
require information about the stimuli themselves, information about their occurrence (presence
or absence). This information about the stimulus is critical for assessing whether the stimulus
figures in biologically significant contingencies. So, generalist sensory systems routinely have
the job of registering information about things other than affordances. Their task is to gain
information about the occurrence of a stimulus that is suited to serve as an open-ended
predictor of other things.

A crucial assumption of the argument here is that it can be valuable to monitor information about
the occurrence of a stimulus because the stimulus is well suited to carry information about other
things. Some stimuli are particularly well suited to serve as open-ended predictors of other
things. Recall that a stimulus is predictive of something else insofar as its correlation with that
other thing persists for a reason. The organism can rely on the correlation going forward
because it is grounded in causal regularities or laws of nature. A stimulus is suited to serve as
an open-ended predictor of other things insofar as it is useful as a predictor in the various
domains of life activity like foraging, mating, navigation, defense, and so on. So, an open-ended
predictor is both independent of the specific interests of the organism (domain independence)
and lawfully connected to things that may prove to be of interest (predictiveness). Sounds and
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colors are examples of stimuli that serve as useful predictors in a variety of domains.9 For
example, the same bright coloration might be a useful predictor of male quality in a mating
context or a warning sign of unprofitability in a foraging context.

The claim that colors and sounds are suited to play the role of open-ended predictors faces a
couple of difficulties. I will use the case of color to illustrate the difficulties, but the underlying
problems are general and apply to sound as well. First, there is a complication involved in
saying that colors serve as open-ended predictors. We ought to acknowledge that biological
color vision is often shaped by domain-specific demands. Think, for example, of the peculiar
form of trichromacy that humans share with catarrhine primates. A leading hypothesis (the
frugivory hypothesis) is that this form of trichromacy is a specialized adaptation for foraging
purposes, one that facilitates detection of ripe fruit (Regan et al. 2001). On the frugivory
hypothesis, the medium- and long-wavelength channels are adapted to the specific job of
extracting information about ripeness. Accordingly, we might hesitate to say that the colors
detected through these channels are serving as predictors in the various domains of life activity;
we might instead suppose that these colors are being exploited specifically for information they
carry about ripeness.

Second, there is a complication involved in saying that colors are open-endedly predictive.
Biological color vision depends on a visual system’s integration of signals from a limited number
of receptor types differing in their sensitivities to the various wavelengths of light. In the course
of normal functioning these receptors are routinely stimulated in the same manner by lights
differing in spectral composition. Consequently, color vision lumps together physically different
stimuli, a phenomenon known as metamerism. The upshot is that the color kinds or categories
constructed by biological color vision are typically too heterogeneous in their respective
instances to behave in a law-like manner. The regularities true of one metamer need not hold of
another. Strictly speaking, then, it is the individual metamers—the colors individuated in physical
terms—that are predictive, not the coarse-grained colors tracked by color vision.

These are precisely the kinds of idiosyncrasies that might seem to recommend the narcissistic
view of sensory systems, so it is important to pause and consider the relevance of these
peculiarities. The first thing to note is that the argument of this section is entirely compatible with
the kind of specialization posited by the frugivory hypothesis. We have to draw a distinction
between specialist sensory systems and specializations of generalist sensory systems.
Specialist sensory systems have evolved to promote the success of just one type of output.
Human color vision is not a specialist sensory system in this sense; it is a generalist system
designed to make use of novel color-related contingencies in the various domains of life. When
we say that human color vision is specialized, we are saying that it is tailored to predictiveness
in a specific domain of activity (foraging) at a potential cost to predictiveness in other domains of
life. But even if human color sensitivity is diminished overall for the sake of predictiveness in a

9 The claim here is not that color and sound cannot be affordances. Colors and sounds are sometimes
affordances for defensive responses, like the acoustic reflex in humans and Daphnia’s negative
phototactic response to UV light. However, these cases are the exceptions rather than the rule.
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specific realm, the colors detected are still suited to service associative learning in other
domains of life. That is, human color vision is still a generalist system.

It may be useful to draw a distinction between the job of serving as an open-ended predictor
and the job of serving as an all-purpose predictor. The peculiarities of human spectral
sensitivities suggest specialization as compared, say, to avian tetrachromatic color vision, which
exhibits a remarkable degree of uniformity in spectral sensitivities across species differing
significantly in habitat and behavior (Hart and Hunt 2007, Stevens 2013, Martin 2017). The fact
that avian tetrachromacy is so highly conserved across diverse ecologies calls out for
explanation just as much as the peculiarities of human color vision. One plausible hypothesis is
that generalist sensory systems in nature regularly confront tradeoffs between prioritizing
all-purpose deployment and prioritizing deployment in some specific domain. There are reasons
to think that avian color vision prioritizes all-purpose deployment as compared to human color
vision, which seems particularly well suited for use in a specific domain. Nonetheless, both
forms of color vision are poised to make use of colors as open-ended predictors. They are
generalist sensory systems that allow the organism to exploit novel color-related contingencies
in various domains of life activity.

At the heart of the argument of this section is the idea that nature sometimes favors generalist
sensory systems suited to convey information about open-ended predictors like color and
sound. This idea is important because it entails that some sensory systems have the
selected-for purpose of conveying information about interest-independent features of the world.
These generalist systems have evolved to track features of the world that are biologically
important, not because they themselves impact the success of the organism’s outputs, but
because they are able to serve as signals or cues for things that do impact success. Being a
generalist sensory system along these lines is compatible with specializations geared toward
facilitating learning in some particular domain. The kind of specialization posited by the frugivory
hypothesis is perfectly consistent with the idea that colors are biologically important solely as
signals or cues. Indeed, the proposal is that human color vision is adapted to a specific type of
signal in nature, namely, a signal of ripeness. This adaptation does not preclude human color
vision from making use of colors in other domains of life, exploiting them as open-ended
predictors.

But should we really say that colors are predictive? We noted above that biological color vision
lumps together physically different stimuli (metamers), and that what holds true of one metamer
may not hold true of another. Accordingly, we might hesitate to say that the colors detected by
biological color vision are genuinely predictive. In response to this line of thought, it is important
to note that the threat posed by the ambiguity of biological color vision can often be greatly
reduced as the context of action becomes more specific. Think, for example, of a frugivore’s
choice between two fruits from the same plant or a female’s choice between two conspecific
males. Within these more constrained contexts, colors can be predictive cues or signals. A
further point to bear in mind is that the signals figuring in an evolutionarily stable signaling
system can be rather heterogeneous from a physical point of view. Think, for example, of the
various colors used by poison dart frogs to signal unprofitability to potential predators.
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5. Conclusion

We return to the argument with which we began, an argument for the claim that nature favors
biased sensory systems. The leading premise of the argument is the idea that sensory systems
in nature contribute to fitness by facilitating behavioral success. The central way sensory
systems promote successful behavior is by conveying information about states of the
environment that make a difference to the success of the organism’s outputs. To play their role,
the senses need to convey information about action-relevant aspects of the environment, i.e.
affordances. In this respect the senses differ sharply from typical measuring instruments in
science. They do not provide the sort of disinterested or detached perspective on the world
characteristic of, say, the physicist’s thermometers and photometers. They are more like our
everyday carbon monoxide alarms and smoke detectors, systems confined to the role of
conveying information relevant to the user’s practical interests. With an outlook narrowly
focused on what is conducive to the organism’s biological success, sensory systems offer a
narcissistic viewpoint on the world.

This comparison with fire alarms and carbon monoxide detectors is apt when we are theorizing
about specialist sensory systems. Each specialist system has the task of relaying information
relevant to the success of a specific domain of activity like defense or mating, and its scope as
an information channel is limited to this specialized role. Just as fire alarms are designed to
exploit the correlation between presence of small particles in the air and fire, so each specialist
system has evolved to take advantage of one specific contingency in nature. Generalist
systems, on the other hand, have evolved to capitalize on novel contingencies. A typical
generalist system promotes behavioral flexibility by channeling information about the occurrence
of some behaviorally neutral stimulus, an aspect of the environment that does not warrant any
specific behavioral response on its own. Like the physicist’s thermometers and photometers, the
generalist system tracks something independent of the user’s practical needs. This disinterested
or objective perspective on the world is instrumentally valuable for its role in the discovery of
biologically significant contingencies.
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