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1 Introduction

Susan Carey’s manuscript, The Origin of Concepts, is a sustained effort to specify both

the representational repertoire of infants and the learning process that supplements it

during maturation.

In this paper, I will focus on the former, specifically, those infant representations

that pertain to agency. Carey provides arguments and evidence designed to show that

an infant’s representation of agency is not perceptual. She claims that a different, more

sophisticated form of representation is needed, a type of representation that she calls

core cognition.

I contend that Carey’s argument is based on an impoverished view of perception and

that it’s possible and indeed likely that the most basic infant representations of action

are perceptual.

2 Carey’s Primary and Secondary Argument

Susan Carey differentiates two types of representational capacities that are present in

humans at a young age: perception and core cognition.

In her hierarchy of cognition, perception is more basic and core cognition is more so-

phisticated. In her wider theory of learning and conceptual development, core cognition

is the bridge between perception and language use.

She lists six features of core cognition.1

1. “Core cognition has rich integrated conceptual content.”

2. “Core cognition is articulated in terms of representations that are created by innate

perceptual input analyzers.”

3. “The perceptual analysis devices. . . continue to operate throughout life.”

4. “Systems of core cognition are domain-specific learning devices.”

5. “Some core cognition is shared by other animals.”

6. “The format of representation of core cognition is iconic rather than involving

sentence-like symbol structures.”

Of these six, (1) is the most important for her arguments about agency. She explains

it in more detail, saying that it is designed to highlight the fact that core cognition “can-

not be reduced to perceptual or sensori-motor primitives.” But what are the perceptual

1See Carey, 67.
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primitives? Carey does not say, but one can infer her position on the matter by looking

at the way she builds her primary argument. It goes as follows: agency cannot be re-

duced to spatio-temporal properties (171), therefore it goes “beyond the vocabulary of

perceptual primitives” (173), therefore something else besides perception must provide

infants with their representations of agency. This “something else” is what she labels

core cognition.

Here is her primary argument, somewhat formalized.

1. Infants represent agency – either perceptually or in some other way.

2. Agency cannot be reduced to spatio-temporal terms.

3. Perception cannot represent properties that cannot be reduced to

spatio-temporal terms.

Infants represent agency in some other way besides perception.

Carey then introduces a similar, secondary argument that is designed to further sup-

port this conclusion. It goes like this: representations of agency are integrated with

an infant’s representation of attention and reference. If that is so something beyond

perception must be invoked to explain the integration.

I address both her primary and secondary argument.

Against her primary argument, I deny (3). The representational capabilities of per-

ception are an empirical matter and therefore immune to a priori restrictions. For

agency specifically, vision science appears to favor the hypothesis that agency is repre-

sented perceptually.

Against her second argument, I accept the evidence of integration, but deny that

it provides any additional support for her claim against perception. I show that it

rests on the same premise as above – that perception could not represent agency. But if

perception can represent agency, then it can account for the relationship between agency

and attention as well.

3 Perception and Carey’s Primary Argument

In this section, I will start with a general picture of perception and work towards agency.

Vision science is premised on there being discoverable laws that explain how the visual

systems of various organisms create a 3-D representation of the distal environment – the

world at large – from proximal stimulations in the form of 2-D arrays of light on the
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retina.

In trying to achieve this transformation, the visual system faces an underdetermina-

tion problem. The problem comes about because the relationship of states of the distal

environment to 2-D arrays of light on the retina is many-one. In other words, there are

many 3-D environments that translate into the same 2-D pattern of the retina. How

does the visual system know which environmental configuration is responsible for the

2-D array that it’s given? The answer is that the visual system uses a variety of cues

along with statistical rules of thumb to privilege some states of the external environment

over others.

These capabilities to successfully represent a particular feature of the environment

(e.g., depth, color, motion, etc.) under various stimulus conditions are what vision

science refers to as perceptual constancies. Constancies are evidence of the distinction

that the perceptual system makes between the representer and the environment being

represented. Constancies try to get things right about the latter, and fall prey to illusions

when they fail. As a consequence, the study of vision presupposes that visual states can

be right or wrong about the distal environment. In other words, veridicality conditions

are constitutive of perceptual states.

All of this is to illustrate the boundary between perception and sensory representa-

tion on one hand and the boundary between perception and conception on the other.

The first boundary is given by an organism’s ability to distinguish features of the dis-

tal environment, which necessarily bring in veridicality conditions. This separation is

marked by the constancies. The second boundary is marked by the iconic character of

perception compared to the propositional aptness of conception.

Notice that whether something is perceptual, as the science understands that word,

is not determined by the type of property being represented. Thus, Carey’s claim that

perception only represents spatio-temporal properties does not reflect the fact that sci-

ence treats the representational categories of perception as empirically open. Of course,

there are some expectations. It’s unlikely that the property carness will be represented

perceptually, as that property was not instantiated during the evolution of the hu-

man visual system. Cars are cultural objects and so are grasped through conception.

Nonetheless, this is just an expectation. The representational capabilities of perception

are determined by constancies, and nothing but empirical research can tell us what the

constancies are.2

2The foregoing five paragraphs are my reading of Burge (2010).
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Take depth perception. To calculate depth, the human visual system avails itself

of a host of cues including occlusion, motion parallax, binocular disparity, and con-

vergence. Thus, there is depth constancy, and it earns the title of constancy because

it systematically discriminates a feature of the world that played a crucial role in the

ecological/evolutionary history of human beings.

Depth is a property that everyone agrees can be represented in perception, but

other properties that are not spatio-temporal make some people uneasy, causality being

a prime example. “How can perception represent causality?” – the question goes –

“causality is not something you can see, it’s just a property of events.” Causality seems

too mysterious to be something that one literally sees.

However, when viewed from the perspective of the assumptions of vision science, the

mystery disappears. First, there is no reason to be doubtful about perception’s ability

to represent causality given the evolutionary history of humans. Representing causality

was and is important to human biological flourishing. Second, causality is amenable

to a cue-supported constancy that is dedicated to correctly representing this aspect of

the world. For example, a visual hallmark of a causal happening is contact, and those

who claim that causality is perceptually represented have identified other potential cues

as well, including the instantaneous movement of the contacted object, as well as its

resulting trajectory.3 Causality is not itself a spatio-temporal property, but the cues

needed to reliably represent it can all be put in spatio-temporal terms.

In fact, it’s easy to see how a constancy for causality would work since we already

know that the hypothesized cues are supported by more basic constancies. What I mean

is that humans have the ability to follow motion and to track multiple objects through

time. Thus, they can reliably represent contact between objects and their resulting

trajectories. And if perception of causality is cued to specific attributes of collisions,

then the fact that one has constancies regarding those attributes is part of how one can

have constancies regarding causality itself. One could say that the causality constancy

is built “on top of” existing constancies governing object tracking, object solidity, etc.

In addition to these theoretical points, recent research supports the view that per-

ception represents causality.4

In a series of experiments, various grouping effects have been demonstrated to alter

3See Newman et al. (2008), 263.
4See Choi et al. (2006a) and (2006b), Rolfs et al. (2013) and Johnston (2013). For an excellent but

skeptical summary of the research on causation perception, see Rips (2011).
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the perception of causation. The fact that such alterations are irresistible (immune to

belief) and tightly constrained by subtle and seemingly arbitrary changes in visual input

provides evidence that paradigmatic visual processing is it at work. These experiments

help to discover the cues that might ground a causality-constancy.

One way of probing these grouping effects is to use a stimulus that can be seen as

causal or non-causal depending on further factors in the experiment. 5

In one setup, participants are shown a stimulus in which a black dot moves toward

a white dot and covers it, at which point the black dot stops and the white dot begins

to move out from “under” it. When viewed in isolation, the stimulus appears to be a

non-causal “sliding.” One dot appears to move over the other, change color, and then

continue to move.

However, the addition of a third dot – a white context dot – can induce the perception

that what was seen as a sliding before is now a causing. For instance, if the context

dot begins to move at the same time as the white dot that is eclipsed, then what was

previously seen as a sliding is now perceived as a causing.6 What’s more, the context

dot can perform this causality-inducing function when it starts to move after the sliding

event has already taken place. Thus, there is an inferred “common fate” cue that the

visual system uses to decide when to visually represent something as a causing. Since the

cue requires some time to bind the context and primary dot into a perceptual unit, the

effect is retrodictive. There is evidence that infants as young as 6 months old experience

this kind of retrodictive illusion.7

So far I’ve looked at depth perception and causality to set the stage. It’s uncontro-

versial that perception can represent depth, and nothing about the nature of perception

prevents non-spatio-temporal properties like causality to be represented.

Action is no different. Given the general contours of perception, there is no reason

to think, as Carey does, that action is precluded from being represented therein. First,

agency is a property that plays an ecologically important role in human biological life.

Second, there is no shortage of cues that a perception system could use to represent such

a property over a range of conditions. In fact, every “perceptual analyzer” that Carey

puts forward to explain the type of perceptual input that core cognition uses to generate

its representation of agency is, as it were, proof of concept for the claim that perception

5There are other symptoms of this grouping, including illusions and other resolutions to ambiguous

passing scenarios. See Scholl (2002) and (2004). The study that I describe here is Choi (2006b)
6Choi (2006b), 392 diagram 5 is helpful for understanding the set up.
7See Newman et al. (2008).
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represents agency directly.

It is clear that infants can represent things in agential terms that go beyond those

appropriate to Newtonian science such as path, object, and causality.

However, the exact nature of these early representations is still open. Do infants

represent particular things as agents or particular motions as goal-directed? Or both?

It seems they can do both. Csibra et al. (1999) showed that infants were surprised

when a circle that showed no signs of agency (i.e., it’s movement was consistent with it

being a projectile) took an inefficient route toward an endpoint after habituation with

an efficient path. The point is that infants attributed goal-directedness to an object’s

motion when no agent is perceived.

However, the study left unanswered the question of whether infants represent the

ball’s motion as goal-directed because they also represent an off-screen agent. If this is

correct, then a natural hypothesis would be that infant perception makes the assumption

“if there’s goal-directed action, there must be an agent somewhere.”

An experiment by Rebecca Saxe et al. (2005) provides evidence that infants were

making such an assumption. In a replication of the Csibra setup, infants were surprised

when a hand appeared on the side of the display opposite the side were an inert object

(a beanbag) was coming from, suggesting that they had expected an agent of some sort

to be behind the apparently goal-directed motion of the beanbag.

Given these results, it seems that the visual system is looking mainly for cues as to

who is an agent and not just what motions are goal directed. This makes evolutionary

sense, as the rational status of independent motions are less important when compared

to the task of identifying other agential organisms.

Still, the following question is open: what is being used to represent something as

an agent? The possible indicators8 divide into those that depend on features of the

agent and those that depend on features of the agent’s behavior. Again, the two do not

exclude each other and probably work together.9

For example, an agent could be identified based on whether it has a face, or eyes,

is human-shaped, or something else. Though these features might be sufficient for the

8I’m using “indicators” here rather than “cues,” because I’m simply reviewing evidence for what

infants represent. I want to remain neutral at this point as to how they represent it, because of

course Carey thinks that these indicators are used in core cognition representations and not perceptual

representation.
9Carey agrees on this point. She acknowledges that both featural and motional cues to agency

attribution are likely operating for infant. See 186-187.
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representation of something as an agent, they are not necessary because infants attribute

goals to all sorts of things ranging from puppets and shapes to robots.10 Candidate

indicators for agency include whether the putative agent is a self-mover, whether it moves

biologically, whether it moves efficiently, whether it moves selectively, and whether it

faces the way it moves (this would combine movement indicators with indicators about

face/eyes). 11

It’s likely that movement indicators are more important for the visual system because

their flexibility. A system that predominantly relied on featural indicators to identify

agents might fall prey to predators with unfamiliar body shapes.

In any case, a complete account of agency indicators is not necessary to see the

similarity to causality and depth perception. Since representations of agency respond

to a rich variety of simple and stereotypical aspects of the world, there is no obstacle

as treating them as the basis of an agency-constancy. The constancies that ground the

ability to represent motion, objects, barriers, etc. contribute as well. As with causality,

agency-constancy would be built on top of other more basic constancies.

By this point, I think we can see that Carey is wrong to jump to the conclusion

that perception could not possibly represent action. However, one can still ask what

evidence supports such a hypothesis. In what follows, I present a recent paper by Brian

Scholl and Tao Gao (in press), in which they argue at length for the claim that agency is

represented perceptually. Some of their arguments depend on experiments drawn from

an earlier paper on the same subject.12

The methodology behind Scholl and Gao’s (hereafter S&G) argument is that a rep-

resentation is perceptual if it can be shown to depend on specific aspects of a scene

regardless of “knowledge, intentions, or decision” (16). It’s worth quoting their method-

ological statement in full because it underscores the claims I’ve made about vision science

in general. They write:

We suggested above that a hallmark feature of perception (vs. cognition) is

its strict dependence on subtle visual display details: percepts seem to be

irresistibly controlled by the nuances of the visual input, regardless of our

knowledge, intentions, or decisions.. . . Rather than operating as a monolithic

10Csibra (2008) and Schlottmann & Ray (2010) review these possibilities and more. For robots, see

Kamewari (2005).
11For reviews, see Gao et al. (2009), Schlottman & Ray (2010), and Scholl (in press), 6.
12See Gao et al. (2010).

7



Burge, Perception WOLF, Winter13

“animacy detector”, we suspect that animacy is detected via a number of

independent cues, just as depth is detected via many different cues (e.g.

binocular disparity, motion parallax, occlusion, and many others). And just

as with depth perception, the best way to understand the underlying processing

is likely to involve studying individual cues in relative isolation. (16, emphasis

mine)

In keeping with this methodology, they propose that representations of animacy can

be shown to be perceptual by manipulating a single cue and finding out if this has

corresponding consequences for perceivers.

The cue that they manipulate is the orientation (or heading) of a group of randomly

moving objects in a single display and the effect that has on the perception of chasing.13

A group of objects that maintain orientation toward a moving target object appear to

be chasing the object, even when their movement is random. S&G call this the wolfpack

effect. Animation S1.1 at www.yale.edu/perception/wolfpack demonstrates this effect.

Numbered animations in parentheses below refer to other animations at this website.

I will discuss two tasks that make use of the wolfpack effect. In one task (see S2.1),

participants view a group of identical darts oriented in relationship to a moving green

square. All of the darts are moving randomly, except for two darts, one of which is

chasing the other. The observers are asked to identify which dart is the chaser (the

wolf) and which is the chasee (the sheep). There are four conditions as follows.14

Wolfpack The darts face the green square throughout their movement.

Perpendicular The darts face perpendicular to the green square throughout their

movement.

Match The darts face their direction of movement.

Disk The darts are replaced by disks.

The important result is that participants had more trouble spotting the chaser and

chasee in the wolfpack condition than in the other conditions, suggesting that viewers

cannot choose how to interpret a chasing scene, but rather, are at the mercy of the cues

that are present in it.

13The choice of chasing is a good one. S&G defend the choice on the grounds that it is evolutionarily

important to recognize chasing, but there is also developmental psychology literature showing that

infants are sensitive to chasing. See Rochat et al. (2004).
14See Gao et al. (2010), 1846).
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The results of the detection task are bolstered by a first-person evasion task (see

S3.1). Participants controlled a disk (the sheep) in an array of randomly moving disks

and darts. The participant was told that one of the disks was a wolf and that the goal

was to avoid the wolf for 10 seconds. The experiment altered the orientation of the

darts as before. The same results were obtained. Users had a harder time evading the

wolf in the wolfpack condition. The orientation of the darts, which were stipulated to

be irrelevant to the evasion task, had a noticeable effect on the participants’ ability to

discern the act of chasing on the part of one of the disks.

The point of these studies is similar to that of a depth illusion. The ability to induce

an illusion is one indicator that one is dealing with a genuine cue, and by pitting cues

against each other, one can cause a decline in visual performance. In these experiments,

S&G isolated orientation as a chasing cue and showed that holding spatio-temporal lo-

cation constant, performance was worsened when this cue was manipulated to dilute or

reverse its normal role in helping the visual system attribute chasing. In phenomeno-

logical terms, the chasing behavior no longer seemed to “pop out,” to the viewer when

this cue was taken away.

The paradigm used in these wolfpack studies is new, but the overall approach seems

to be promising: S&G strengthen these two task results with other tasks, neurological

data, and attention-based results.

4 Carey’s Secondary Argument

The pieces of Carey’s second argument are more scattered, and so it’s a little harder to

reconstruct.

One strand of the argument notes that infants follow the gaze and pointing of others

and then in turn use pointing themselves. This can be given a lean or rich interpretation.

The lean interpretation treats this is an automatic reflex reaction with very little con-

tent; something like “follow a gaze or a point and something interesting will be found.”

The richer interpretation is “this thing is looking at or indicating something.” Carey

naturally favors the latter.

One way to respond is to just to dig in and claim that the lean interpretation can

explain the relevant data. I think this can be done,15 but I want to see what can be

15For instance, the control condition of the Luo (2005, 2009) experiments that she cites has been

criticized. See Hernik and Southgate (2012).
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said against Carey if we grant her claim that the lean interpretation is inadequate.

Making this concession is tricky though because Carey seems to equate the failure of the

lean interpretation with the success of a rich view on which gaze-following “attributes

information-seeking states or information-imparting states or attentional states to the

agent” (178).16

However, I do not see how the experiments that she cites warrant the use of “states”

in the preceding sentence. For instance, she rightly cites two Luo studies (2005, 2009)

as finding that infants represent the preferences of an agent, but this word risks an

excessively psychological interpretation of what’s going on. In the study, infants are

surprised when they are habituated to an agent who pursues one of two goals and then,

in test, switches goals. However, the infants are not surprised when an agent pursues

a solitary goal and then switches to a new goal once that object is introduced to the

scene.

One could say that the infants represented a preference on the part of the agent, but

the evidence only supports a minimal construal of preference; preference in the sense of

an observed regularity. In the Luo experiments, we can say that infants are surprised by

a change in goal, but this representation need not involve any attributed psychology; it

merely indicates the fact that infants expect goals to persist as goals when the situation

does not change.

The same deflationary stance explains gaze-following results as well. We have already

seen, in the wolfpack studies, that heading or orientation is a crucial cue in goal attri-

bution. Thus, there is no need to assume that infants represent turning robots or faces

as indicating or representing something. Rather, the change in heading of the thing is

a cue to its goal. If the thing is speaking, then the words may be related to the goal. If

the thing is just looking somewhere, then the infant may represent “look at the goals of

things,” rather than Carey’s lean gloss of gaze-following as something like “look where

others look,” or “follow the line of sight of things.”

This explains why infants follow the orientation of a faceless robot, a datum Carey

takes to be important.17 She’s right, infants in these studies cannot be following eyes or

a face, but the experiment does not rule out the possibility that infants are looking for

16More textual evidence can be found in other places. She writes, “there is good evidence that

monkeys and chimpanzees use eye gaze to infer others’ attentional states” (179). And, “representing

events in terms of attentional states, referential states and goal-directedness is part of core cognition of

agents” (186).
17See 184.
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a goal, and take the robot’s orientation as a cue for where one might be. Again though,

this need not involve representing the robot as having a goal in mind. The robot need

not be represented as in an attentional state.

Of course, at some point, infants will be able to represent goals in a way that require

a supplementary theory of mind, but for all Carey’s evidence shows, that age is later

than 9 months. Since agential representations begin as early as 6 months, there is plenty

of time for maturation to fill in the gap between representing the pursuit of a goal and

the pursuit of a psychologically realized goal.

5 Conclusion

Susan Carey argues for core-cognition on the grounds that infants have representational

capacities that exceed what she takes to be the limits of perceptual representation. I

argued that she is wrong to argue from a priori convictions about what perception

can represent. What perception is capable of representing is an empirical matter, and

nothing prevents it from representing properties that are not spatio-temporal. Agency

has a good chance of being one of these properties, but more research is called for.
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