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1. Introduction

1.1. The Question

How do humans first come to know about—
and to knowingly manipulate—objects, causes,
words, numbers, colours, actions and minds?
‘… ’tis past doubt, that Men have in their Minds
several Ideas, such as are those expressed by the
words, Whiteness, Hardness, … and others: It is
in the first place to be enquired, How he comes
by them?’ (Locke 1689, p. 104)
‘Howdoes it come about that the development of
organic behavior into controlled inquiry brings
about the differentiation and cooperation of ob-
servational and conceptual operations?’ (Dewey
1938, p. 12)
‘the fundamental explicandum, is the organism
and its propositional attitudes … Cognitive psy-
chologists accept … the … necessity of explain-
ing how organisms come to have the attitudes to
propositions that they do.’ (Fodor 1975, p. 198)

1.2. From Myths to Mechanisms

‘the soul inherently contains the sources of vari-
ous notions and doctrineswhich external objects
merely rouse up on suitable occasions’ (Leibniz
1996, p. 48)
‘Men, barely by theUse of their natural Faculties,
may attain to all the Knowledge they have, with-

out the help of any innate Impressions’ (Locke
1689, p. 48)
‘Developmental science […] has shown that
both these views are false’ (Spelke & Kinzler
2007, p. 89).

1.3. Two Breakthroughs

1. Joint Action Preverbal infants enjoy surpris-
ingly rich social abilities. These may well fa-
cilitate the subsequent acquisition of linguistic
abilities and enable the emergence of knowl-
edge (e.g. Csibra & Gergely 2009; Meltzoff 2007;
Tomasello et al. 2005).
2. Core Knowledge Infants in the first year of
life enjoy sophisticated abilities to track causal
interactions, numerosity, actions, mental states
and more besides in infants in the very first
months of life (e.g. Spelke 1990; Baillargeon et al.
2010).

1.4. What Is Knowledge?

Knowledge is constitutively linked to practical
reasoning and to inference. It is the kind of thing
that can typically influence how you act when
you act purposively, and it is the kind of thing
that can influence purposive actions in any do-
main at all. Knowledge is also the kind of thing
that you can sometimes arrive at by inference,
and which can enable you to make new infer-

ences in any domain at all.
Knowledge states are inferentially integrated
with other attitudes like beliefs, desires and in-
tentions (see the glossary).

1.5. Davidson’s Challenge

‘if you want to describe what is going on in the
head of the child when it has a few words which
it utters in appropriate situations, you will fail’
(Davidson 2001b, pp. 127–8).
‘The difficulty in describing the emergence of
mental phenomena is a conceptual problem […]
In […] the evolution of thought in an indi-
vidual, there is a stage at which there is no
thought followed by a subsequent stage at which
there is thought. To describe the emergence
of thought would be to describe the process
which leads from the first to the second of these
stages. Whatwe lack is a satisfactory vocabulary
for describing the intermediate steps’ (Davidson
2001b, p. 127).
‘We have many vocabularies for describing na-
ture when we regard it as mindless, and we have
a mentalistic vocabulary for describing thought
and intentional action; what we lack is a way of
describing what is in between’ (Davidson 1999,
p. 11)

2



1.5.1. Uncomplicated Account of Minds and
Actions

For any given proposition [There’s a spider be-
hind the book] and any given human [Wy] …

1. EitherWy believes that there’s a spider be-
hind the book, or she does not.

2. EitherWy can act for the reason that there
is, or seems to be, a spider behind the book,
or else she cannot.

3. The first alternatives of (1) and (2) are ei-
ther both true or both false.

1.6. Unperceived Objects: An Illustration of
Davidson’s Challenge

When do humans first come to know facts about
the locations of objects they are not perceiving?

Baillargeon 1987 figure 1

Baillargeon 1987 figure 2

‘action demands are not the only cause of fail-
ures on occlusion tasks’ (Shinskey 2012, p. 291).
‘violation-of-expectation experiments, using
looking-time measures, suggested that infants
have object permanence in occlusion condi-
tions; but simplified-search studies confirm that
infants fail to reach towards occluded objects,
suggesting that infants do not have object per-
manence in occlusion conditions. This discrep-
ancy, however, is only the tip of the iceberg. Re-
sults of studies attempting to measure infants’
cognitive abilities using reachingmeasures often
contradict results gained while using looking-
time measures.’ (Charles & Rivera 2009, p. 994)
‘there aremany separable systems ofmental rep-
resentations … the task … is to … [find] the

distinct systems of mental representation and to
understand their development and integration’
(Hood et al. 2000, p. 1522).
Object permanence: the ability to know facts
about objects you aren’t currently perceiving.

2. Minds

2.1. Knowledge of Mind

Mindreading is the process of identifying mental
states and purposive actions as the mental states
and purposive actions of a particular subject.
‘In saying that an individual has a theory of
mind, wemean that the individual imputes men-
tal states to himself and to others’ (Premack &
Woodruff 1978, p. 515)
In a standard false belief task, ‘[t]he subject is
aware that he/she and another person [Maxi]
witness a certain state of affairs x. Then, in
the absence of the other person the subject wit-
nesses an unexpected change in the state of af-
fairs from x to y’ (Wimmer & Perner 1983, p.
106). The task is designed to measure the sub-
ject’s sensitivity to the probability that Maxi will
falsely believe x to obtain.
Three-year-olds systematically fail to predict ac-
tions (Wimmer & Perner 1983) and desires (Ast-
ington & Gopnik 1991) based on false beliefs;
they similarly fail to retrodict beliefs (Wimmer
& Mayringer 1998) and to select arguments suit-
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able for agents with false beliefs (Bartsch & Lon-
don 2000). They fail some low-verbal and non-
verbal false belief tasks Call & Tomasello 1999;
Low 2010; Krachun et al. 2009, 2010; they fail
whether the question concerns others’ or their
own (past) false beliefs (Gopnik & Slaughter
1991); and they fail whether they are interacting
or observing (Chandler et al. 1989).

2.2. Infants Track False Beliefs

For a process to track someone’s belief that p is
for it to nonaccidentally depend in some way on
whether she believes that p. For someone to track
beliefs is for there to be processes in her which
track some beliefs.
One-year-old children predict actions of agents
with false beliefs about the locations of objects
(Clements & Perner 1994; Onishi & Baillargeon
2005; Southgate et al. 2007), and about the con-
tents of containers (He et al. 2011), taking into
account verbal communication (Song et al. 2008;
Scott et al. 2012). They will also choose ways of
helping (Buttelmann et al. 2009) and communi-
cating (Knudsen & Liszkowski 2012; Southgate
et al. 2010) with others depending on whether
their beliefs are true or false. And in much the
way that irrelevant facts about the contents of
others’ beliefs modulate adult subjects’ response
times, such facts also affect how long 7-month-
old infants look at some stimuli (Kovács et al.
2010).

2.3. Mindreading: a Developmental Puzzle

Amodel is a way the world could logically be, or
a set of ways the world could logically be.
An A-Task is any false belief task that children
tend to fail until around three to five years of
age.

1. Children fail A-tasks because they rely on
a model of minds and actions that does not
incorporate beliefs.

2. Children pass non-A-tasks by relying on a
model of minds and actions that does in-
corporate beliefs.

3. At any time, the child has a single model
of minds and actions.

For adults (and children who can do this), rep-
resenting perceptions and beliefs as such—and
even merely holding in mind what another be-
lieves, where no inference is required—involves
a measurable processing cost (Apperly et al.
2008, 2010a), consumes attention and working
memory in fully competent adults Apperly et al.
2009; Lin et al. 2010; McKinnon & Moscovitch
2007, may require inhibition (Bull et al. 2008) and
makes demands on executive function (Apperly
et al. 2004; Samson et al. 2005).

2.4. Two Questions about Mindreading

Two questions:

1. How do observations about tracking sup-
port conclusions about models?

2. Why are there dissociations in nonhuman
apes’, human infants’ and human adults’
performance on belief-tracking tasks?

‘we should be focused not on the yes–no
question (do chimpanzees have a theory of
mind?), but rather on a whole panoply of more
nuanced questions concerning precisely what
chimpanzees do and do not know about the psy-
chological functioning of others’ (Hare et al.
2001, p. 149)

2.5. Mindreading in Adults: Automaticity?

Is mindreading automatic? (More carefully:
Does belief tracking in human adults depend
only on processes which are automatic?)
A process is automatic to the degree that
whether it occurs is independent of its relevance
to the particulars of the subject’s task, motives
and aims.
There is evidence that some mindreading in hu-
man adults is entirely a consequence of rela-
tively automatic processes (Kovács et al. 2010;
Schneider et al. 2012; van derWel et al. 2014), and
that not all mindreading in human adults is (Ap-
perly et al. 2008, 2010b; van der Wel et al. 2014).
Qureshi et al. (2010) found that automatic and
nonautomatic mindreading processes are differ-
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ently influenced by cognitive load, and Todd
et al. (2016) provided evidence that adding time
pressure affects nonautomatic but not automatic
mindreading processes.
‘Participants never reported belief tracking
when questioned in an open format after the ex-
periment (“What do you think this experiment
was about?”). Furthermore, this verbal debrief-
ing about the experiment’s purpose never trig-
gered participants to indicate that they followed
the actor’s belief state’ (Schneider et al. 2012,
p. 2)

2.6. Minimal Theory of Mind

Which models of minds and actions underpin
which mental state tracking processes?
An agent’s field is a set of objects related to the
agent by proximity, orientation and other fac-
tors.
First approximation: an agent encounters an ob-
ject just if it is in her field.
A goal is an outcome to which one or more ac-
tions are, or might be, directed.
Principle 1: one can’t goal-directedly act on an
object unless one has encountered it.
Applications: subordinate chimps retrieve food
when a dominant is not informed of its location
(Hare et al. 2001); when observed scrub-jays pre-
fer to cache in shady, distant and occluded loca-

tions (Dally et al. 2004; Clayton et al. 2007).
First approximation: an agent registers an object
at a location just if she most recently encoun-
tered the object at that location.
A registration is correct just if the object is at the
location it is registered at.
Principle 2: correct registration is a condition of
successful action.
Applications: 12-month-olds point to inform de-
pending on their informants’ goals and igno-
rance (Liszkowski et al. 2008); chimps retrieve
food when a dominant is misinformed about its
location (Hare et al. 2001); scrub-jays observed
caching food by a competitor later re-cache in
private (Clayton et al. 2007; Emery & Clayton
2007).
Principle 3: when an agent performs a goal-
directed action and the goal specifies an object,
the agent will act as if the object were actually
in the location she registers it at.
Applications: some false belief tasks (Onishi &
Baillargeon 2005; Southgate et al. 2007; Buttel-
mann et al. 2009).

2.7. Signature Limits

A signature limit of a model is a set of predictions
derivable from the model which are incorrect,
and which are not predictions of other models
under consideration.

Automatic belief-tracking in adults and belief-
tracking in infants are both subject to signature
limits associated with minimal theory of mind
(Wang et al. 2015; Low & Watts 2013; Low et al.
2014; Mozuraitis et al. 2015; Edwards & Low
2017; Fizke et al. 2017; Oktay-Gür et al. 2018;
contrast Scott et al. 2015).

Objection: ‘the theoretical arguments offered
[…] are […] unconvincing, and […] the data can
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be explained in other terms’ (Carruthers 2015b;
see also Carruthers 2015a).
‘A cooperative multi-system architecture is bet-
ter able to explain infant belief representation
than a parallel architecture, and causal repre-
sentation, schemas and models provide a more
promising basis for flexible belief representation
than does a rule-based approach of the kind de-
scribed by Butterfill and Apperly’ (Christensen
& Michael 2016; see also Michael & Christensen
2016; Michael et al. 2013).

2.8. Dual Process Theory of Mindreading
(Schema)

Two (or more) mindreading processes are dis-
tinct: the conditions which influence whether
they occur, and which outputs they generate, do
not completely overlap.

Dual Process Theory of Mindreading. Automatic
and nonautomaticmindreading processes are in-

dependent in this sense: different conditions in-
fluence whether they occur and which ascrip-
tions they generate (e.g. Todd et al. 2016;Qureshi
et al. 2010).

2.9. A Developmental Theory

1. Automatic and nonautomatic mindread-
ing processes both occur from the first
year of life onwards.

2. The model of minds and actions under-
pinning automatic mindreading process
does not significantly change over devel-
opment.

3. In the first three or four years of life,
nonautomatic mindreading processes in-
volve relatively crudemodels ofminds and
actions, models which do not enable belief
tracking.

4. What changes over development is typ-
ically just that the model underpinning
nonautomaticmindreading becomes grad-
ually more sophisticated and eventually
comes to enable belief tracking.

3. Objects

3.1. Objects: Three Requirements

Knowledge of objects depends on abilities to:

1. segment objects,

2. represent them as persisting, and

3. track their interactions.

How do humans come to meet the three require-
ments on knowledge of objects?

3.2. Segmentation

‘infants perceive the boundaries of a partly hid-
den object by analyzing the movements of its
surfaces: infants perceived a connected object
when its ends moved in a common translation
behind the occluder. Infants do not appear to
perceive a connected object by analyzing the col-
ors and forms of surfaces: they did not perceive
a connected object when its visible parts were
stationary, its color was homogeneous, its edges
were aligned, and its shape was simple and reg-
ular’ (Kellman & Spelke 1983).

3.3. The Principles of Object Perception

cohesion—‘two surface points lie on the same
object only if the points are linked by a path of
connected surface points’
boundedness—‘two surface points lie on distinct
objects only if no path of connected surface
points links them’
rigidity—‘objects are interpreted as moving
rigidly if such an interpretation exists’
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no action at a distance—‘separated objects are
interpreted as moving independently of one an-
other if such an interpretation exists’ (Spelke
1990)
What is the status of these principles?

1. We (as perceivers) start with a cross-modal
representation of three-dimensional per-
ceptual features which includes their loca-
tions and trajectories.

2. Our task is to get from these representa-
tions of features to representations of ob-
jects.

3. Descriptive component We do this as if in
accordance with certain principles (cohe-
sion, boundedness, rigidity, and no action
at a distance).

4. Explanatory component We acquire repre-
sentations of objects because we apply the
principles to representations of features
and draw appropriate inferences.

Three Questions:

1. How do four-month-old infants model
physical objects?

2. What is the relation between the model
and the infants?

3. What is the relation between the model
and the things modelled (physical ob-
jects)?

3.4. The Simple View

‘Chomsky’s nativism is primarily a thesis about
knowledge and belief; it aligns problems in the
theory of language with those in the theory of
knowledge. Indeed, as often as not, the vocabu-
lary in which Chomsky frames linguistic issues
is explicitly epistemological. Thus, the grammar
of a language specifies what its speaker/hearers
have to know qua speakers and hearers; and the
goal of the child’s language acquisition process
is to construct a theory of the language that cor-
rectly expresses this grammatical knowledge.’
(Fodor 2000, p. 11)
The Simple View The principles of object percep-
tion are things that we know or believe, and we
generate expectations from these principles by a
process of inference.
‘objects are conceived: Humans come to know
about an object’s unity, boundaries, and persis-
tence in ways like those by which we come to
know about its material composition or its mar-
ket value’ (Spelke 1988, p. 198).
Interpreting violation-of-expectation experi-
ments: ‘evidence that infants look reliably
longer at the unexpected than at the expected
event is taken to indicate that they (1) possess
the expectation under investigation; (2) detect
the violation in the unexpected event; and (3) are
surprised by this violation. The term surprise is
used here simply as a short-hand descriptor, to
denote a state of heightened attention or inter-

est caused by an expectation violation.’ (Wang
et al. 2004, p. 168)
‘To make sense of such results [i.e. the results
from violation-of-expectation tasks], we … must
assume that infants, like older learners, formu-
late … hypotheses about physical events and re-
vise and elaborate these hypotheses in light of
additional input.’ (Aguiar & Baillargeon 2002, p.
329)

3.5. Object Permanence

Object permanence is the ability to know things
about, or represent, objects you aren’t currently
perceiving.
The Principle of Continuity An object traces ex-
actly one connected path over space and time
(Spelke et al. 1995, p. 113).
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Object permanence is found in nonhuman ani-
mals including

1. monkeys (Santos et al. 2006)

2. lemurs (Deppe et al. 2009)

3. crows (Hoffmann et al. 2011)

4. dogs and wolves (Fiset & Plourde 2013)

5. cats (Triana & Pasnak 1981)

6. chicks (Chiandetti & Vallortigara 2011)

7. dolphins (Jaakkola et al. 2010)

8. …

3.6. A Problem

‘action demands are not the only cause of fail-
ures on occlusion tasks’ (Shinskey 2012, p. 291)
‘A similar permanent dissociation in under-
standing object support relations might exist in
chimpanzees. They identify impossible support
relations in looking tasks, but fail to do so in ac-
tive problem solving.’ (Gómez 2005)
‘to date, adult primates’ failures on search tasks
appear to exactly mirror the cases in which hu-
man toddlers perform poorly.’ (Santos & Hood
2009, p. 17)

3.7. Like Knowledge and Like Not Knowl-
edge

‘no concept causesmore problems in discussions
of infant cognition than that of representation’
(Haith 1998).

3.8. What Is Core Knowledge?

‘there is a third type of conceptual structure,
dubbed “core knowledge” … that differs system-
atically from both sensory/perceptual represen-
tation[s] … and … knowledge.’ (Carey 2009,
p. 10)

3.8.1. Two-part definition

‘Just as humans are endowed with multiple, spe-
cialized perceptual systems, so we are endowed
with multiple systems for representing and rea-
soning about entities of different kinds.’ (Carey
& Spelke 1996, p. 517)
‘core systems are:

1. largely innate

2. encapsulated

3. unchanging

4. arising from phylogenetically old systems

5. built upon the output of innate perceptual
analyzers’ (Carey & Spelke 1996, p. 520)

Note There are other, slightly different state-
ments (e.g. Carey 2009).
For someone to have core knowledge of a partic-
ular principle or fact is for her to have a core sys-
tem where either the core system includes a rep-
resentation of that principle or else the principle
plays a special role in describing the core system.
‘We hypothesize that uniquely human cogni-
tive achievements build on systems that humans
share with other animals: core systems that
evolved before the emergence of our species.
The internal functioning of these systems de-
pends on principles and processes that are dis-
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tinctly non-intuitive. Nevertheless, human intu-
itions about space, number, morality and other
abstract concepts emerge from the use of sym-
bols, especially language, to combine produc-
tively the representations that core systems de-
liver’ (Spelke & Lee 2012, pp. 2784-5).

3.8.2. The Core Knowledge View

The Core Knowledge View: the principles of ob-
ject perception are not knowledge, but they are
core knowledge. And we generate expectations
from these principles by a process of inference.

3.9. Objections to Core Knowledge

‘there is a paucity of … data to suggest that they
are the only or the best way of carving up the
processing, and it seems doubtful that the often
long lists of correlated attributes should come as
a package’ (Adolphs 2010, p. 759)
‘we wonder whether the dichotomous charac-
teristics used to define the two-system models
are … perfectly correlated … [and] whether a hy-
brid system that combines characteristics from
both systems could not be … viable’ (Keren &
Schul 2009, p. 537)

3.10. Modularity

‘In Fodor’s (1983) terms, visual tracking and
preferential looking each may depend on modu-
lar mechanisms.’ (Spelke et al. 1995, p. 137)
Fodor’s three claims about modules:

1. they are ‘the psychological systems whose
operations present the world to thought’;

2. they ‘constitute a natural kind’; and

3. there is ‘a cluster of properties that they
have in common’ (Fodor 1983, p. 101).

Properties of modules:

− domain specificity (modules deal with ‘ec-
centric’ bodies of knowledge)

− limited accessibility (representations in
modules are not usually inferentially inte-
grated with knowledge)

− information encapsulation (modules are
unaffected by general knowledge or rep-
resentations in other modules)

− innateness (roughly, the information and
operations of a module not straightfor-
wardly consequences of learning; but see
Samuels (2004)).

3.11. Objects: Interim Summary

Knowledge of objects probably requires abilities
to (i) segment objects, (ii) represent them as per-
sisting and (iii) track their interactions.
Question 1 When do humans come to meet the
three requirements on knowledge of objects?
Discovery 1 Infants manifest all three abilities
from around four months of age or earlier.
Question 2 How do humans come to meet the
three requirements on knowledge of objects?
Discovery 2 Although abilities to segment ob-
jects, to represent them as persisting through oc-
clusion and to track their causal interactions are
conceptually distinct, they are all characterised
by the Principles of Object Perception and they
may all be consequences of a single mechanism.
Question 3 What is the relation between the
model specified by the Principles of Object Per-
ception and the infants?
The Simple View The principles of object percep-
tion are things that we know or believe, and we
generate expectations from these principles by a
process of inference.
The Core Knowledge View The principles of ob-
ject perception are not knowledge, but they are
core knowledge. And we generate expectations
from these principles by a process of inference.
Discovery 3 The Simple View generates system-
atically false predictions. (And the Core Knowl-
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edge View generates no relevant predictions by
itself.)
Question 4 What is the relation between adults’
and infants’ abilities concerning physical objects
and their causal interactions?

3.12. Causal Interactions

‘object perception reflects basic constraints on
the motions of physical bodies …’ (Spelke 1990,
p. 51)
‘A single system of knowledge … appears to un-
derlie object perception and physical reasoning’
(Carey & Spelke 1994, p. 175)

3.13. Perception of Causation: Key Findings

‘There are some cases … in which a causal im-
pression arises, clear, genuine, and unmistak-
able, and the idea of cause can be derived from it
by simple abstraction in just the sameway as the
idea of shape or movement can be derived from
the perception of shape or movement’ (Michotte
1963, p. 270–1)
Infants at around six months of age seem also
to distinguish launching from other sequences,
much as adults do (Leslie & Keeble 1987).
‘… why it is that in our experiments certain par-
ticular conditions were found necessary in order
to give rise to a causal impression. They corre-
spond to the different characteristics of repro-

duction. … anyone not very familiar with the
procedure involved in framing the physical con-
cepts of inertia, energy, conservation of energy,
etc., might think that these concepts are simply
derived from the data of immediate experience’
(Michotte 1963)

3.14. Object Indexes & Perception of Causa-
tion

‘the movement performed by object B appears
simultaneously under two different guises: (i)
as a movement (belonging to object A), (ii) as
a change in relative position (by object B)’ (Mi-
chotte 1963, p. 136)
‘the physical movement of the object struck
gives rise to a double representation. This move-
ment appears at one and the same time (a) as a
continuation of the previous movement of the
motor object, and (b) as a change of relative po-
sition (a purely spatial withdrawal) of the pro-
jectile in relation to the motor object.’ (Michotte
1963, p. 140)
Causal Object Index Conjecture: Effects associ-
ated with the ‘perception of causation’ are con-
sequences of errors (or error-like patterns) in
the assignments of object indexes and their phe-
nomenal effects.
Predictions: (i)Where there is perception of cau-
sation, there will be errors (or error-like pat-
terns) in the assignments of object indexes. (ii)

Factors that can influence how object indexes
are assigned ormaintained can influence percep-
tion of causation.
Objection: adaptation (Rolfs et al. 2013). But see
further ?.
‘Michotte and his followers worked out many
of the factors which mediate the perception of
causality, such as the role of absolute and rel-
ative speeds, spatial and temporal gaps in the
objects’ trajectories, differences in the durations
and angles of each object’s trajectory, etc …
‘This research has generally shown that many
different spatiotemporal parameters are critical
for perceiving causality, but that featural param-
eters (eg colors, shapes, sizes) play little or no
role.’ (Scholl & Nakayama 2004, p. 456)
‘when there is a launching event beneath the
overlap (or underlap event) timed such that the
launch occurs at the point of maximum overlap,
observers inaccurately report that the overlap is
incomplete, suggesting that they see an illusory
crescent.’ (Scholl & Nakayama 2004, p. 461)
Why does the illusory causal crescent appear?
Scholl and Nakayama suggest a ‘a simple cate-
gorical explanation for the Causal Crescents il-
lusion: the visual system, when led by other
means to perceive an event as a causal colli-
sion, effectively ‘refuses’ to see the two objects
as fully overlapped, because of an internalized
constraint to the effect that such a spatial ar-
rangement is not physically possible. As a result,
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a thin crescent of one object remains uncovered
by the other one-as would in fact be the case in a
straight-on billiard-ball collision where the mo-
tion occurs at an angle close to the line of sight.’
(Scholl & Nakayama 2004, p. 466)
‘object perception reflects basic constraints on
the motions of physical bodies …’ (Spelke 1990,
p. 51)
‘A single system of knowledge … appears to un-
derlie object perception and physical reasoning’
(Carey & Spelke 1994, p. 175)

3.15. Object Indexes, Motor Representations
& Metacognitive Feelings

See handout from colloquium talk (which is also
part of this lecture series.)

4. Colour

4.1. Categorical Perception of Colour

What is categorical perception of colour com-
monly taken to explain?
The diagram below represents sequences of
three colours.
The vertical sequence shows three greens and
the uppermost horizontal sequence shows a
blue, a purple and a pink.

Daoutis et al. 2006 figure A1

Each colour differs from its neighbours by the
same amount according to a standard measure
based on the human eye’s abilities to discrimi-
nate wavelengths.
Yet the greens are often judged to look quite sim-
ilar and the blue-pink-purple to look very differ-
ent (Roberson et al. 1999, p. 12–7).
When people are asked to name these colours,
they often give the same name to the greens but
different names to members of the blue-pink-
purple sequence.
And people are generally faster and more accu-
rate in discriminating between members of the
blue-pink-purple sequence than members of the
green sequence (faster: Bornstein & Korda 1984;
more accurate: Roberson et al. 1999, p. 22–7).

pop-out ‘Such targets pop out of the display, so
that the time it takes to find them is independent
of the number of distractors’ (Treisman 1986, p.
117).
When target and distractors differ in colour cat-
egory there can be pop-out effects (Daoutis et al.
2006).
vMMN (visual mismatch negativity): an event-
related potential thought to index pre-attentive
change detection in the visual cortex

4.2. Categorical Perception in Infancy

Categorical perception of colour emerges early
in infancy. This has been demonstrated with
four-month-olds using habituation (Bornstein
et al. 1976) and visual search (Franklin et al.
2005).
Slightly older infants can make use of colour
properties such as red and green to recognise ob-
jects.
For instance, nine-months-olds can determine
whether an object they saw earlier is the same
as a subsequently presented object on the basis
of its colour (Wilcox et al. 2008).
By the time they are two years old, toddlers who
do not comprehend any colour words can use
colour categories implicitly in learning and us-
ing proper names; for instance, they are able to
learn and use proper names for toy dinosaurs
that differ only in colour (Soja 1994, Experiment
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3).
So infants and toddlers enjoy categorical percep-
tion of colour and may benefit from it in recog-
nising and learning about objects.
However children only acquire concepts of, and
words for, colours some time later; and colour
concepts, like colour words, are acquired gradu-
ally (Pitchford & Mullen 2005; Kowalski & Zim-
iles 2006; Sandhofer & Smith 1999; Sandhofer &
Thom 2006).
Infants enjoy categorical perception not only of
colour but also of orientation (Franklin et al.
2010), speech (Kuhl 1987, 2004; Jusczyk 1995)
and facial expressions of emotion (Etcoff &
Magee 1992; Kotsoni et al. 2001; Campanella
et al. 2002).

4.3. Categorical Perception and Knowledge

Claims to consider:

1. Categorical perception provides ‘the
building blocks—the elementary units—
for higher-order categories’ (Harnad 1987,
p. 3).

2. ‘The building blocks of all our complex
representations are the representations
that are constructed from individual core
knowledge systems.’ (Spelke 2003, p. 307)

3. ‘The module … automatically provides a
conceptual identification of its input for

central thought … in exactly the right for-
mat for inferential processes’ (Leslie 1988,
pp. 193–4)

4. ‘the earliest conceptual functioning con-
sists of a redescription of perceptual struc-
ture’ (Mandler 1992)

Acquiring colour concepts depends on acquiring
colour words (Kowalski & Zimiles 2006).
‘the course of acquisition for color is protracted
and errorful’ (Sandhofer & Thom 2006)
Colour words shape adults’ categorical percep-
tion (Roberson & Hanley 2007; Winawer et al.
2007).

4.4. Categorical Perception in Infants and
Adults

In adults, categorical perception of colour disap-
pears in the face of predictable verbal interfer-
ence but not non-verbal interference (Roberson
& Davidoff 2000; Pilling et al. 2003; Wiggett &
Davies 2008).
‘surprising it would be indeed if I have a percep-
tual experience as of red because I call the per-
ceived object ‘red’’ (Stokes 2006, pp. 324–5)
There is (contested) evidence that the infant
mode of categorical perception of colour con-
tinues to operate in adults, although it is often
inhibited or overshadowed by the adult mode
(Gilbert et al. 2006).
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5. Action

5.1. Crossing the Gap

1. Core knowledge exists.

2. There is a gap between core knowledge
and knowledge knowledge.

3. Crossing the gap involves social interac-
tions, perhaps involving words.

5.2. When can infants first track goals?

When do human infants first track goal-directed
actions rather than mere movements only?
Background assumption: ‘intention attribution
and action understanding are two separable pro-
cesses’ (Uithol & Paulus 2014, p. 617).
‘by the end of the first year infants are indeed ca-
pable of taking the intentional stance (Dennett,
1987) in interpreting the goal- directed behavior
of rational agents.’ (Gergely et al. 1995, p. 184)
‘12-month-old babies could identify the agent’s
goal and analyze its actions causally in relation
to it’ (Gergely et al. 1995, p. 190)
’Six-month-olds and 9-month-olds showed a
stronger novelty response (i.e., looked longer)
on new-goal trials than on new-path trials
(Woodward 1998). That is, like toddlers, young
infants selectively attended to and remembered
the features of the event that were relevant to

the actor’s goal.’ (Woodward et al. 2001, p. 153)
‘Early in life, action expectations measured on-
line seem to be organized around goal locations
whereas action expectations measured post-hoc
around goal identities. With increasing age,
children then generally organize their action
expectations primarily around goal identities’
(Daum et al. 2012, p. 10)

5.3. The Teleological Stance

‘in perceiving one object as having the inten-
tion of affecting another, the infant attributes to
the object […] intentions’ (Premack 1990, p. 14)
(Woodward 2009, p. 53)
‘to the extent that young infants are limited […],
their understanding of intentions would be quite
different from the mature concept of intentions’
(Woodward et al. 2001, p. 168).
‘by taking the intentional stance the infant can
come to represent the agent’s action as inten-
tional without actually attributing a mental rep-
resentation of the future goal state’ (Gergely
et al. 1995, p. 188)
‘an action can be explained by a goal state if, and
only if, it is seen as the most justifiable action to-
wards that goal state that is available within the
constraints of reality’ (Csibra & Gergely 1998,
p. 255)

5.4. Marr’s Threefold Distinction

If I apply the Teleological Stance successfully, do
I thereby come to know a fact about the goal of
an action?
Marr (1982, p. 22ff) distinguishes:

− computational description—What is the
thing for and how does it achieve this?

− representations and algorithms—How are
the inputs and outputs represented, and
how is the transformation accomplished?

− hardware implementation—How are the
representations and algorithms physically
realised?

‘when taking the teleological stance one-year-
olds apply the same inferential principle of ra-
tional action that drives everyday mentalistic
reasoning about intentional actions in adults’
(Gergely & Csibra 2003; compare Csibra et al.
2003, Csibra & Gergely 1998, p. 259 )
‘Such calculations require detailed knowledge of
biomechanical factors that determine themotion
capabilities and energy expenditure of agents.
However, in the absence of such knowledge, one
can appeal to heuristics that approximate the re-
sults of these calculations on the basis of knowl-
edge in other domains that is certainly available
to young infants.
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5.5. A signature limit of infant goal tracking?

Flanagan & Johansson (2003) showed that ‘pat-
terns of eye–hand coordination are similar when
performing and observing a block stacking task’.
From at least three months of age, some of in-
fants’ abilities to identify the goals of actions
they observe are linked to their abilities to per-
form actions (Woodward 2009).
In adults, tying the hands impairs proactive
gaze (Ambrosini et al. 2012); in infants, boosting
grasping with ‘sticky mittens’ facilitates proac-
tive gaze (Sommerville et al. 2005; see also Som-
merville et al. 2008, Ambrosini et al. 2013; Skerry
et al. 2013).

5.6. The Motor Theory of Goal Tracking

According to the Motor Theory, infants’ (and
adults’) pure goal-tracking sometimes depends
on the double life of motor processes (see Sini-
gaglia & Butterfill 2015, for details).
More carefully theMotorTheory of Goal Tracking
states that:

1. in action observation, possible outcomes
of observed actions are represented mo-
torically;

2. these representations trigger motor pro-
cesses much as if the observer were per-
forming actions directed to the outcomes;

3. such processes generates predictions;

4. a triggering representation is weakened if
the predictions it generates fail.

The result is that, often enough, the only only
outcomes to which the observed action is a
means are represented strongly.

5.7. A Puzzle about Goal-Tracking

‘by the end of the first year infants are indeed ca-
pable of taking the intentional stance (Dennett,
1987) in interpreting the goal- directed behavior
of rational agents.’ (Gergely et al. 1995, p. 184)
‘12-month-old babies could identify the agent’s
goal and analyze its actions causally in relation
to it’ (Gergely et al. 1995, p. 190)

5.8. Perceptual Animacy

Perceptual animacy is the detection by broadly
perceptual processes of animate objects and
their targets Gao et al. (e.g. 2009).
In adults, abilities to perceptually detect chasing
depend on several cues including whether the
chaser ‘faces’ its target (‘directionality’) and how
directly the chaser approaches its target (‘sub-
tlety’).
The detection of animacy appears to be a broadly
perceptual phenomena since it depends on ar-
eas of the brain associated with vision and in-

fluences how perceptual attention is allocated
(Scholl & Gao 2013) irrespective of your beliefs
and intentions (van Buren et al. 2016).

6. Joint Action

A Conjecture ‘humans acquire knowledge at a
pace far outstripping that found in any other
species. Recent evidence indicates that interper-
sonal understanding–—in particular, skill at in-
ferring others’ intentions—–plays a pivotal role
in this achievement.’ (Baldwin 2000, p. 40)
‘functions traditionally considered hallmarks
of individual cognition originated through the
need to interact with others … perception, ac-
tion, and cognition are grounded in social inter-
action.’ (Knoblich & Sebanz 2006, p. 103)
‘human cognitive abilities … [are] built upon so-
cial interaction’ (Sinigaglia & Sparaci 2008)
Vygotskian Intelligence Hypothesis: ‘the unique
aspects of human cognition… were driven by, or
even constituted by, social co-operation.’ (Moll
& Tomasello 2007, p. 1)

6.1. What Is Joint Action? Bratman’s Ac-
count

‘I take a collective action to involve a collective
[shared] intention.’ (Gilbert 2006, p. 5)
‘The sine qua non of collaborative action is a
joint goal [shared intention] and a joint commit-
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ment’ (Tomasello 2008, p. 181)
‘the key property of joint action lies in its inter-
nal component […] in the participants’ having a
“collective” or “shared” intention.’ (Alonso 2009,
pp. 444–5)
‘Shared intentionality is the foundation upon
which joint action is built.’ (Carpenter 2009,
p. 381)
‘I will … adopt Bratman’s … influential formu-
lation of joint action … each partner needs to
intend to perform the joint action together ‘‘in
accordance with and because of meshing sub-
plans’’ (p. 338) and this needs to be common
knowledge between the participants.’ (Carpen-
ter 2009, p. 281)

6.2. What Joint Action Could Not Be

Objection: Meeting the sufficient conditions for
joint action given by Bratman’s account could
not significantly explain the development of an
understanding of minds because it already pre-
supposes too much sophistication in the use of
psychological concepts.
The objection arises because not all of the fol-
lowing claims are true:

(1) joint action fosters an under-
standing of minds;
(2) all joint action involves shared
intention; and

(3) a function of shared intention is
to coordinate two or more agents’
plans.

These claims are inconsistent because if the sec-
ond and third were both true, abilities to en-
gage in joint action would presuppose, and so
could not significantly foster, an understanding
of minds.
What are our options?

6.3. Development of Joint Action: Planning

Objection: ‘Despite the common impression that
joint action needs to be dumbed down for infants
due to their ‘‘lack of a robust theory of mind’’
… all the important social-cognitive building
blocks for joint action appear to be in place:
1-year-old infants understand quite a bit about
others’ goals and intentions and what knowl-
edge they share with others’ (Carpenter 2009,
p. 383).
‘I … adopt Bratman’s (1992) influential formu-
lation of joint action or shared cooperative ac-
tivity. Bratman argued that in order for an ac-
tivity to be considered shared or joint each part-
ner needs to intend to perform the joint action
together ‘‘in accordance with and because of
meshing subplans’’ (p. 338) and this needs to be
common knowledge between the participants’
(Carpenter 2009, p. 381).
‘shared intentional agency [i.e. ‘joint action’]

consists, at bottom, in interconnected planning
agency of the participants’ (Bratman 2011).
‘3- and 5-year-old children do not consider an-
other person’s actions in their own action plan-
ning (while showing action planning when act-
ing alone on the apparatus). Seven-year-old
children and adults however, demonstrated evi-
dence for joint action planning. … While adult
participants demonstrated the presence of joint
action planning from the very first trials onward,
this was not the case for the 7-year-old children
who improved their performance across trials.’
(Paulus 2016, p. 1059)
‘by age 3 children are able to learn, under certain
circumstances, to take account of what a part-
ner is doing in a collaborative problem-solving
context. By age 5 they are already quite skillful
at attending to and even anticipating a partner’s
actions’ (Warneken et al. 2014, p. 57). ‘proactive
planning for two individuals, even when they
share a common goal, is more difficult than plan-
ning ahead solely for oneself’ (Gerson, Bekker-
ing & Hunnius Gerson et al., p. 128).

6.4. Development of Joint Action: Years 1-2

‘By 12–18 months, infants are beginning to par-
ticipate in a variety of joint actions which show
many of the characteristics of adult joint action.’
(Carpenter 2009, p. 388)
‘infants learn about cooperation by participating
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in joint action structured by skilled and knowl-
edgeable interactive partners before they can
represent, understand, or generate it themselves.
Cooperative joint action develops in the con-
text of dyadic interaction with adults in which
the adult initially takes responsibility for and ac-
tively structures the joint activity and the in-
fant progressively comes to master the struc-
ture, timing, and communications involved in
the joint actionwith the support and guidance of
the adult. … Eager participants from the begin-
ning, it takes approximately 2 years for infants to
become autonomous contributors to sustained,
goal-directed joint activity as active, collabora-
tive partners’ (Brownell 2011, p. 200).
‘While 4-year-olds coordinated the timing of
drum hits, children between 2- and 4 years of
age showed indications of interpersonal coordi-
nation as indicated by the beginnings and end-
ings of drumming bouts. Children showed more
overlap in their bouts than would be expected by
chance’ (Endedijk, Ramenzoni, Cox, Cillessen,
Bekkering & Hunnius Endedijk et al., p. 720).
‘The 14-month-olds of this study displayed co-
ordinated behaviors in the elevator task Role A
of positioning themselves in the right location
and retrieving the target object from the cylin-
der when the partner pushed it up, but they had
major problems performing Role B, pushing the
cylinder up and holding it in place until the part-
ner could fetch the object. If they pushed up
the cylinder at all, they would repeatedly drop

it when the other person was just about to take
the object out’ (Warneken & Tomasello 2007).
Infants’ ‘attempts to reactivate the partner in in-
terruption periods indicate that they were aware
of the interdependency of actions—that the exe-
cution of their own actions was conditional on
that of the partner … these instances might also
exemplify a basic understanding of shared inten-
tionality’ (Warneken & Tomasello 2007, p. 290–
1).
‘advances in infants’ ability to coordinate their
behavior with one another are associated with
multiple measures of developing self-other rep-
resentations. One- and two-year olds’ symbolic
representation of self and other in pretend play
(e.g., pretending that a doll is feeding itself) was
related to the amount of coordinated behavior
they produced with a peer on the structured co-
operation tasks described above (Brownell and
Carriger 1990)’ (Brownell 2011, p. 206).
‘children who better produced and compre-
hended language about their own and others’
feelings and actions, and who could refer to
themselves and others using personal pronouns
likewise monitored their peer’s behavior more
often and produced more joint activity with
the peer (Brownell et al 2006)’ (Brownell 2011,
p. 206).

6.5. Collective Goals vs Shared Intentions

‘all sorts of joint activity is possible without con-
scious goal representations, complex reasoning,
and advanced self-other understanding … both
in other species and in our own joint behavior
as adults, some of which occurs outside of re-
flective awareness … In studying its develop-
ment in children the problem is how to char-
acterize and differentiate primitive, lower levels
of joint action operationally from more complex
and cognitively sophisticated forms’ (Brownell
2011, p. 195).
An outcome is a collective goal of two or more
actions involving multiple agents if it is an out-
come to which those actions are collectively di-
rected (Butterfill 2016).
For us to have a shared goal G is for G to be a
collective goal of our present or future actions
in virtue of the facts that:

1. We each expect the other(s) to perform an
action directed to G.

2. We each expect that if G occurs, it will oc-
cur as a common effect of all of our ac-
tions (compare Butterfill 2012; Vesper et al.
2010).

‘the basic skills and motivations for shared in-
tentionality typically emerge at around the first
birthday from the interaction of two develop-
mental trajectories, each representing an evolu-
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tionary adaptation from some different point in
time. The first trajectory is a general primate (or
perhaps great ape) line of development for un-
derstanding intentional action and perception,
which evolved in the context of primates’ cru-
cially important competitive interactions with
one another over food, mates, and other re-
sources (Machiavellian intelligence; Byrne &
Whiten, 1988). The second trajectory is a
uniquely human line of development for sharing
psychological states with others, which seems
to be present in nascent form from very early
in human ontogeny as infants share emotional
states with others in turn-taking sequences (Tre-
varthen, 1979). The interaction of these two lines
of development creates, at around 1 year of age,
skills and motivations for sharing psychologi-
cal states with others in fairly local social in-
teractions, and then later skills and motivations
for reacting to and even internalizing various
kinds of social norms, collective beliefs, and cul-
tural institutions’ (Tomasello & Carpenter 2007,
p 124).

7. Referential Communication

7.1. Pointing: Reference and Context

The block–slab model of infant pointing (com-
pare Wittgenstein 1953, §2): (a) the activity oc-
curs in a fixed context (e.g. buliding) and (b)
there is a fixed thing to be done in response to a
point.

Comprehending pointing is not just a matter of
locking onto the thing pointed to; it also in-
volves some sensitivity to context (see Liebal
et al. 2009).

7.2. Pointing: referent and context

‘Already by age 14 months, then, infants in-
terpret communication cooperatively, from a
shared rather than an egocentric perspective’
(Liebal et al. 2009, p. 269).
‘The fact that infants rely on shared experi-
ence even to interpret others’ nonverbal point-
ing gestures suggests that this ability is not spe-
cific to language but rather reflects a more gen-
eral social-cognitive, pragmatic understanding
of human cooperative communication’ (Liebal
et al. 2009, p. 270).

7.3. A Puzzle about Pointing

‘infant pointing is best understood—on many
levels and in many ways—as depending on
uniquely human skills and motivations for co-
operation and shared intentionality, which en-
able such things as joint intentions and joint at-
tention in truly collaborative interactions with
others (Bratman, 1992; Searle, 1995).’ (Tomasello
et al. 2007, p. 706)
‘to understand pointing, the subject needs to un-
derstand more than the individual goal-directed

behaviour. She needs to understand that by
pointing towards a location, the other attempts
to communicate to her where a desired object is
located’ (Moll & Tomasello 2007, p. 6).

7.4. pointing vs linguistic communication

‘the most fundamental aspects of language that
make it such a uniquely powerful form of hu-
man cognition and communication—joint at-
tention, reference via perspectives, reference
to absent entities, cooperative motives to help
and to share, and other embodiments of shared
intentionality—are already present in the hum-
ble act of infant pointing.’ (Tomasello et al. 2007,
p. 719)
‘cooperative communication does not depend
on language, […] language depends on it.’
(Tomasello et al. 2007, p. 720)
‘Pointing may […] represent a key transition,
both phylogenetically and ontogenetically, from
nonlinguistic to linguistic forms of human com-
munication.’ (Tomasello et al. 2007, p. 720)

7.5. What is a communicative action?

The confederate means something in pointing at
the left box if she intends:

1. that you open the left box;
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2. that you recognize that she intends (1),
that you open the left box; and

3. that your recognition that she intends (1)
will be among your reasons for opening
the left box.

An inconsistent tetrad

1. 11- or 12-month-old infants produce and
understand declarative pointing gestures.

2. Producing or understanding pointing ges-
tures involves understanding communica-
tive actions.

3. A communicative action is an action done
with an intention to provide someonewith
evidence of an intention with the further
intention of thereby fulfilling that inten-
tion.

4. Pointing facilitates the developmental
emergence of sophisticated cognitive abil-
ities including mindreading

8. Words

How do humans first come to communicate with
words?

8.1. Shipwreck Survivor vs Lab Rat

‘children learn words through the exercise of
reason’ (Bloom 2001, p. 1103; see Bloom 2000)

‘Augustine describes the learning of human lan-
guage as if the child came into a strange coun-
try and did not understand the language of the
country; that is, as if it already had a language,
only not this one. Or again: as if the child could
already think, only not yet speak.’ (Wittgenstein
1953, 15–16, §32)
‘[t]he child learns this language from the grown-
ups by being trained to its use. I am using
the word ‘trained’ in a way strictly analogous
to that in which we talk of an animal being
trained to do certain things. It is done by means
of example, reward, punishment, and suchlike’
(Wittgenstein 1972, p. 77)
‘the child’s early learning of a verbal response
depends on society’s reinforcement of the re-
sponse in association with the stimulations that
merit the response’ ((Quine 1960, p. 82); compare
(Quine 1974, pp. 28–9))
‘A child learning to speak is learning habits and
associations which are just as much determined
by the environment as the habit of expecting
dogs to bark and cocks to crow’ (Russell 1921,
p. 71)
Children acquiring language create their own
words before they learn to use those of the adults
around them.
‘Some children are so impatient that they coin
their own demonstrative pronoun. For instance,
at the age of about 12 months, Max would point
to different objects and say “doh?,” some¬times

with the intent that we do something with the
objects, such as bring them to him, and some-
times just wanting us to appreciate their exis-
tence’ (Bloom 2000, p. 122; see further Clark
1981, 1982).
Even where children have mastered a lexical
convention, they will readily violate it in their
own utterances in order to get a point across.
‘From the time they first use words until they are
about two or two-and-a-half, children noticeably
and systematically overextend words. For ex-
ample, one child used the word “apple” to re-
fer to balls of soap, a rubber-ball, a ball-lamp,
a tomato, cherries, peaches, strawberries, an or-
ange, a pear, an onion, and round biscuits’ (Clark
1993, p. 35)
Children with no experience of others’ lan-
guages can create their own languages. (Kegl
et al. 1999; Senghas & Coppola 2001; Goldin-
Meadow 2003)

8.2. Thinking Depends on Talking?

1. If someone can think, she must be capable
of having a false belief.

2. To be capable of having a false belief it is
necessary to understand the possibility of
false belief.

3. Understanding the possibility of false be-
lief entails being able to communicate by
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language.

’belief is central to all kinds of thought. If some-
one is glad that, or notices that, or remembers
that, or knows that, the gun is loaded, then he
must believe that the gun is loaded. Even to
wonder whether the gun is loaded, or to spec-
ulate on the possibility that the gun is loaded,
requires belief, for example, that a gun is a
weapon, that it is a more or less enduring physi-
cal object, and so on. … it is necessary that there
be endless interlocked beliefs’ (Davidson 1984, p.
157); cf. (Davidson 1982, pp. 320–1)
‘We, observing and describing … a creature …,
say that it discriminates certain shapes, objects,
colors, and so forth, by which we mean that it
reacts in ways we find similar to shapes, objects,
and colors which we find similar. But we would
be making a mistake if we were to assume that
because the creature discriminates and reacts in
much the way we do, that it has the correspond-
ing concepts.The difference, as I keep emphasiz-
ing, lies in the fact that we, unlike the creature I
am describing, can, from our point of view, make
mistakes in classification’ (Davidson 2001a, p.
11).
‘we grasp the concept of truth only when we can
communicate the contents—the propositional
contents—of the shared experience, and this re-
quires language’ (Davidson 1997, p. 27).

8.3. Training

‘The ability to discriminate, to act differentially
in the face of clues to the presence of food, dan-
ger or safety, is present in all animals and does
not require reason. Nor does the learning, even
of complex routines, require reason, for it is pos-
sible to learn how to act without learning that
anything is the case’ (Davidson 1982, p. 326).
‘A child learning to speak is learning habits and
associations which are just as much determined
by the environment as the habit of expecting
dogs to bark and cocks to crow’ (Russell 1921,
p. 71).
‘[t]he child learns this language from the grown-
ups by being trained to its use. I am using
the word ‘trained’ in a way strictly analogous
to that in which we talk of an animal being
trained to do certain things. It is done by means
of example, reward, punishment, and suchlike’
(Wittgenstein 1972, p. 77).
‘the child’s early learning of a verbal response
depends on society’s reinforcement of the re-
sponse in association with the stimulations that
merit the response’ ((Quine 1960, p. 82); compare
(Quine 1974, pp. 28–9)).
‘Before we have an idea of truth or error, before
the advent of concepts or propositional thought,
there is a rudiment of communication in the sim-
ple discovery that sounds produce results. Cry-
ing is the first step toward languagewhen crying
is found to procure one or another form of relief

or satisfaction. More specific sounds, imitated
or not, are rapidly associated with more specific
pleasures. Here use //p. 71// would be meaning,
if anything like intention and meaning were in
the picture. A large further step has been taken
when the child notices that others also make dis-
tinctive sounds at the same time the child is hav-
ing the experiences that provoke its own vol-
unteered sounds. For the adult, these sounds
have a meaning, perhaps as one word sentences.
The adult sees herself as doing a little ostensive
teaching: “Eat,” “Red,” “Ball,” “Mamma,” “Milk,”
“No.” There is now room for what the adult
views as error: the child says “Block” when it
is a slab. This move fails to be rewarded, and the
conditioning becomes more complex’ (Davidson
2000, pp. 70–1).

8.4. Hypothesis Testing

‘children learn words through the exercise of
reason’ (Bloom 2001, p. 1103; see Bloom 2000)
‘Augustine describes the learning of human lan-
guage as if the child came into a strange coun-
try and did not understand the language of the
country; that is, as if it already had a language,
only not this one. Or again: as if the child could
already think, only not yet speak.’ (Wittgenstein
1953, 15–16, §32)
‘Augustine’s proposal is no longer seen as the
goofy idea that it once was’ (Bloom 2000, p. 61).
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‘the process of language acquisition [is] coming
to know themeanings of words, where at a given
stage the learner’s conception is an hypothesis
about the meaning’ (Higginbotham 1998, p. 153)
’The tutor names things in accordance with the
semantic customs of the community. The player
forms hypotheses about the categorical nature
of the things named. He tests his hypotheses by
trying to name new things correctly. The tutor
compares the player’s utterances with his own
anticipations of such utterances and, in this way,
checks the accuracy of fit between his own cate-
gories and those of the player. He improves the
fit by correction.’ (Brown 1958, p. 194 as quoted
by (Clark 1993, p. 19))

8.5. Mapping words to concepts

‘much of what goes on in word learning is es-
tablishing a correspondence between the sym-
bols of a natural language and concepts that ex-
ist prior to, and independently of, the acquisition
of that language’ (Bloom 2000, p. 242)
‘to know the meaning of a word is to have: 1. a
certain mental representation or concept 2. that
is associated with a certain form’ (Bloom 2000,
p. 17)
‘One of the first problems children take on is
the MAPPING of meanings onto forms … They
must identify possible meanings, isolate possi-
ble forms, and then map the meanings onto the

relevant forms.’ (Clark 1993, p. 14)

8.6. Grice & Tomasello

‘children acquire linguistic symbols as a kind
of by-product of social interaction with adults’
(Tomasello 2003, p. 90)
Infants ‘begin to comprehend and use … linguis-
tic symbols on the basis of their skills of social
cognition and cultural learning’ (Tomasello et al.
1999, p. 582)
‘language is itself one type-albeit a very special
type-of joint attentional skill’ (Tomasello 2001,
p. 1120)
‘the kind of rational activity which the use of
language involves is a form of rational cooper-
ation’ (Grice 1989, p. 341)

8.7. Lexical Innovation

Children acquiring language create their own
words before they learn to use those of the adults
around them.
‘From the time they first use words until they are
about two or two-and-a-half, children noticeably
and systematically overextend words. For ex-
ample, one child used the word “apple” to re-
fer to balls of soap, a rubber-ball, a ball-lamp,
a tomato, cherries, peaches, strawberries, an or-
ange, a pear, an onion, and round biscuits’ (Clark
1993, p. 35)

Children can create their own languages with no
experience of others’ languages (Kegl et al. 1999;
Senghas & Coppola 2001; Goldin-Meadow 2003).

9. Innateness (of Syntax)

9.1. A Case Study

Is the syntactic structure of ‘the red ball’ (a) flat
or (b) hierarchical?

from Lidz et al. 2003

1. ‘red ball’ is a constituent on (b) but not on
(a)

2. anaphoric pronouns can only refer to con-
stituents

3. In the sentence ‘I’ll play with this red ball
and you can play with that one.’, the word
‘one’ is an anaphoric prononun that refers
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to ‘red ball’ (not just ball). (Lidz et al. 2003;
Lidz & Waxman 2004).

‘The assumption in the preferential looking task
is that infants prefer to look at an image that
matches the linguistic stimulus, if one is avail-
able’ (Lidz et al. 2003).

9.1.1. Poverty of stimulus arguments

How do poverty of stimulus arguments work?
See Pullum & Scholz (2002).

1. Human infants acquire X.

2. To acquire X by data-driven learning
you’d need this Crucial Evidence.

3. But infants lack this Crucial Evidence for
X.

4. So human infants do not acquire X by
data-driven learning.

5. But all acquisition is either data-driven or
innately-primed learning.

6. So human infants acquire X by innately-
primed learning .

‘the APS [argument from the poverty of stimu-
lus] still awaits even a single good supporting
example’ (Pullum & Scholz 2002, p. 47)
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