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1 Introduction

THERE IS A DEEP AND polarizing tension in cogni-
tive science between cognitivism, or computation-
alism, and the so-called 4E-Cognition approach.'
While cognitivism is guided by the idea of the
mind as a computer syntactically operating on
mental representations, the 4-Cognition approach,
rejecting the computer metaphor of the mind, in-
sists on (constitutive) roles for the body and the
environment, and grants greater consideration to
insights from phenomenological philosophy.” At
times, there seem to be reasons to be dissatisfied
with attitudes in both camps. On the one hand,
cognitivists may not realize that their assumptions
are not the only viable ones and dismiss what does
not fit within their familiar schemas as insufficient-
ly rigorous. On the other hand, the supporters of
4E-Cognition may prematurely talk about para-
digm shift and disdain results produced within the
cognitivist framework as irremediably misguided.
This lack of serious engagement with theoretical
and empirical work generated within the opposite
framework seems problematic.

We agree that pluralism is valuable and indis-
pensable in cognitive science.’ The idea that the
scientificity of a discipline depends primarily on the
degree of theoretical agreement between its practi-
tioners is questionable, since procedures realized on
the basis of different fundamental assumptions can
be equally rigorous, intersubjectively valid, and em-
pirically fruitful. However, pluralism does not entail
independence and lack of connection between the
different research frameworks. On the contrary,
careful engagement with a competing framework is
always to be recommended, especially when it
comes to research results, since empirical data, in
general, cannot be ignored.

In this paper, we draw connections between two
different and at least partially alternative frame-
works in relation to data on early socio-cognitive
development. We engage with data produced with-
in a nativist current of the cognitivist paradigm,
that can be called “cognitivist nativism”.* We exam-
ine these data from the point of view of a 4E Cogni-
tion perspective called “the pairing hypothesis”,®
which originates in the phenomenological philoso-
phy of Edmund Husserl. Our goal is to show that a
close examination of data produced by the cogni-
tivist-nativist framework strengthens the phenom-
enological 4E Cognition perspective by significantly
expanding the range of findings it can account for.
At the same time, we wish to suggest that also cog-
nitivism-inclined developmental scientists may take
advantage of our interpretation of the findings and
consider our recommendations for further experi-
mental testing. We have tried to make theoretical
and experimental proposals that can also be fruit-
fully considered from a cognitivist standpoint.

There are five main sections in this paper. After

this first introductory section, the second section
presents an unsettled debate in which cognitivist
nativism plays a major role, i.e., the debate between
rich and lean explanations in early social cognition.
We identify two main trends in this debate and ask
whether the pairing hypothesis can be considered a
hybrid of these main trends. In the third section, we
put forward a formulation of the pairing hypothesis
that combines previous formulations in an original
manner. Apart from a single exception — duly noted
in footnote 24 — we do not repeat the empirical ar-
guments and the outlines for empirical predictions
made in previous work. Rather, we refer to empiri-
cal evidence not previously considered and focus on
how the pairing hypothesis has to be formulated to
account for findings produced within the cogni-
tivist-nativist framework.

In the fourth section, we consider some meth-
odological issues. Finally, in the fifth ans sixth sec-
tions, we engage in a close examination of two repre-
sentative cognitivist-nativist studies. To the extent
possible within the constraints of a single paper, this
examination allows us to substantiate the plausibility
of our claim that the pairing hypothesis can account
for cognitivist-nativist findings.

Before we start, we must make a preliminary re-
mark that delimits the scope of our discussion. In
this paper, we focus on infants’ early understanding
of others’ animate agency. Notwithstanding this re-
striction, we indicate the background of our discus-
sion by referencing how the 4E Cognition frame-
work can deal with related topics.®

2 The dispute on rich and lean explana-
tions and why pairing is not a hybrid

The debate between lean and rich explanations
of findings on early social cognition is vast and
complex.” It is not our goal to provide an exhaus-
tive picture of this debate. Rather, we limit our-
selves to sketching out two main trends.

Generally speaking, cognitivist nativism repre-
sents the main trend in the camp of rich explana-
tions. Cognitivist nativism is “rich” because it pos-
its an innate, domain-specific module that makes
inferences about others’ mental states on the basis
of innate knowledge of the abstract principles of
rational agency.® This approach is criticized for its
lack of parsimony: according to critics, cognitivist
nativism postulates overly sophisticated infant ca-
pacities to infer others’ mental states and a cum-
bersome wealth of innate abstract knowledge, in
addition to hard-to-verify hypotheses about our
evolutionary past.

Apart from its tendency to emphasize the func-
tion of long-standing interactions with the envi-
ronment, the camp of lean explanations appears to
be more differentiated. The most prominent lean
approaches explain the results discussed by cogni-
tivist nativism by resorting to options including:
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domain-general associative processes, motor and
perceptual experiences, basic motivations and
needs, and even sophisticated reasoning abilities
about “behavior”, where “behavior” is taken to be
bereft of mental content and infants are assumed
not to process “what is in the head” of the target of
their reasoning.” What unites these lean ap-
proaches is the postulate that infants are incapable
of experiencing others as minded beings. There-
fore, we categorize these approaches as explanato-
rily “mind-blind”. This categorization points to
the criticism often raised by opponents, who point
to the seemingly overwhelming role of intersubjec-
tivity in development. For example, Heyes’ associ-
ationism' is criticized for its “solipsistic” nature"
and mind-blind approaches in general are criti-
cized with respect to the role of intersubjectivity in
language acquisition.'?

Nevertheless, these main trends of rich and
lean explanations share a fundamental assump-
tion. They both assume that infants’ early cogni-
tive access to other minds could only be explained
through innate, domain-specific processes. In oth-
er words, both the rich cognitivist-nativist ap-
proach and the most prominent lean approaches
accept the dichotomy between early access to oth-
er minds and domain-specific processes on the one
hand, and domain-general processes and cognitive
indifference to other minds (mind-blindness) on
the other hand. There are, of course, innumerable
and potentially infinite hybrids of the main trends
sketched above. A hybrid, however, merely repro-
duces this dichotomy at the level of specific phe-
nomena. By definition, a hybrid of these trends is
a model that identifies what socio-cognitive phe-
nomena should be explained by innate inferences
to mental states and what phenomena should in-
stead be explained by domain-general mind-blind
processes: a hybrid merely distributes the dichot-
omy. What a hybrid does not do is to explain early
infant awareness of other minds through domain-
general processes.

Even if many developmental theorists may not
recognize themselves in the main trends of the de-
bate briefly sketched here," it is fair to say that it
is rare to find a sufficiently articulated, radical, i.e.,
non-hybrid, alternative. Nonetheless, this is pre-
cisely what the next section attempts to do: recast-
ing the pairing hypothesis as a radical model that
accounts for infants’ early awareness of other
minds by exclusively relying on domain-general pro-
cesses. To be clear, the fact that the pairing hy-
pothesis originates from and unifies numerous
strands of developmental theory'* has nothing to
do with its logical location in the rich-or-lean de-
bate. In the formulation that we are about to pro-
pose, the pairing hypothesis cannot be considered
a hybrid because it rejects having to choose be-
tween domain-general explanation and early
awareness of other minds — not just at the level of

the general socio-cognitive picture, but also at lev-
el of each specific phenomenon.

3 The pairing hypothesis

The pairing hypothesis is a subspecies of the Di-
rect Social Perception (DSP) hypothesis.”* According
to the DSP general hypothesis, the most fundamen-
tal access humans have to other minds is perceptual
and direct: it does not require simulation or theoreti-
cal inference. Although it originates in phenomeno-
logical philosophy, the DSP hypothesis enjoys nota-
ble success in developmental science.'

In this section, we provide a formulation of the
pairing hypothesis that combines complementary
formulations that have remained disjunct until
now."” To begin, pairing is a DSP hypothesis posit-
ing that the perception of others’ embodied expe-
riences is underpinned by the domain-general
process of association by similarity. It suggests
that, just as in ordinary object perception, DSP in-
volves an assimilation to and accommodation of
previous experience, but assumes that, in the case
of DSP, the past experience employed in this pro-
cess of assimilation-accommodation is one’s own
embodied experience.'”® This includes all kinds of
sensorimotor experience, where proprioception
plays a major role, but also essential contributions
from interoception, affectivity, tactility, audition,
vision, etc. The first central assumption of the
pairing hypothesis is that, through their own spon-
taneous behavior in response to various kinds of
solicitations, developing human beings acquire
schemas, i.e., sensorimotor associations, of various
degrees of generality that relate to their own ani-
mate behavior, goal-directed actions, emotions,
and perceptions.

The behavior of others is always in many respects
different. However, the second central assumption of
the pairing hypothesis is that early DSP is made pos-
sible because many features of others’ behavior are
similar to those experienced by infants in their own
behavior. This similarity, or overlap, activates the
acquired sensorimotor schemas, which allow infants
to recognize others’ behaviors as expressing animacy,
goal-directed action, emotions, and perception, alt-
hough, obviously, all these embodied experiences
present themselves in others as in many respects dif-
ferent from the infants’ own experiences (assimila-
tion-accommodation).

The pairing hypothesis is radically interaction-
ist: it supposes that infant-caregiver interaction
provides sufficient self-other similarities to enable
DSP."” For example, in interaction, infants experi-
ence their own behavior as a response to the emo-
tional reactions that the other’s behavior has pro-
voked in themselves; they also experience the oth-
er’s behavior as a response to their own active calls
and solicitations.”® The response character of be-
havior is just one of the many (often neglected)
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features that infants experience in self and others,
and that enable DSP.*!

Of course, the broader DSP framework also in-
cludes the hypothesis of domain-specific processes
selected in our evolutionary past to underpin DSP.
Dellantonio and colleagues, Vincini, and Vincini
and Gallagher®® acknowledge the legitimacy of this
hypothesis, but provisionally put it aside for a
methodological reason: in order to avoid prema-
ture nativist assumptions, one should pursue the
more parsimonious pairing hypothesis until it
works well; only when one finds concrete phe-
nomena that cannot be plausibly explained by the
pairing hypothesis are heavier assumptions con-
cerning domain-specificity and our evolutionary
past sufficiently motivated. This is the approach
taken in the present paper too.

Vincini® has gathered a considerable amount
of empirical evidence supporting the pairing hy-
pothesis in the domains of animacy, action, emo-
tion, and gaze perception. Vincini primarily pur-
sued a “piecemeal” approach showing that the
gradual expansion of the infants’ own embodied
experience enables the gradual development of
their DSP. This dynamic has been impressively
well-documented in the domain of action percep-
tion, where researchers have identified a whole se-
ries of actions — power grasp, precision grasp, con-
tainment actions (placing), tool use behaviors,
pointing, etc. — that infants learn to perform
themselves before they recognize them when per-
formed by others.” However, Vincini* provision-
ally accepted a mind-blind explanatory approach
toward a significant portion of the findings pro-
duced by cognitivist nativism. This was the portion
of findings purporting to show how six-month-olds
and younger infants access the goal-directedness of
boxes and other geometrical figures that bear no
significant visual resemblance to humans.?® Taking
Vincini’s®” formulation as final would be problem-
atic because it would amount to accepting that a
considerable portion of the data can be explained
only by resorting to an auxiliary approach.

This is the reason why Vincini’s formulation
must be integrated with the one of Dellantonio and
colleagues,” which comprises the claim that the
pairing hypothesis can parsimoniously account for
all the findings produced by cognitivist nativism.
Dellantonio and colleagues postulated that the sen-
sorimotor acquisition of very abstract schemas
would allow infants to perceive a large variety of
stimuli, including boxes and geometrical figures, as
animate agents. This point can be taken to be sub-
stantiated with respect to self-propulsion, since
even a quick look at the literature on prenatal and
postnatal development indicates that infants expe-
rience their bodies as autonomously moving in
space, without being necessarly contacted by other
approaching bodies.”” As Dellantonio and col-
leagues put it: «The child moves autonomously

and therefore recognizes autonomous (self-
propelled) movement as a peculiar characteristic of
a creature that is similar to himself>».*

Dellantonio and colleagues’ emphasis on abstract
characteristics applying to a great variety of stimuli is
supported by both classical-phenomenological con-
siderations and recent developmental studies. Classi-
cal phenomenologist Max Scheler® drew a certain
analogy between infant and aboriginal animism, sug-
gesting that socio-cognitive learning should be un-
derstood as a process of “de-animation”, where —
through social interactions — infants come to dif-
ferentiate the beings that are really animate or
“minded” from those that are not. Analogously,
Quadrelli and Turati** have advocated a “perceptu-
al narrowing” approach to action perception, where
early sensorimotor activity provides experience of
abstract behavioral features which the infant can
relate to a large variety of stimuli; subsequently, in-
fants tend to narrow down social perception to
items that consistently and habitually prove to be
minded agents. This idea is also confirmed by re-
cent findings suggesting that infants are capable of
employing their motor experience in visual pro-
cessing very early in development.*

Unfortunately, there is a problem with Dellanto-
nio and colleagues’ formulation as well.** In addition
to self-propulsion, it only refers to biomechanical
motion and makes an unspecific reference to fea-
tures of intentional movement. However, numerous
experiments have allowed cognitivist nativism to
identify specific indicators that make it possible for
infants to discriminate goal-directed movement
from non-goal-directed movement.”® Dellantonio
and colleagues do not discuss how the pairing hy-
pothesis could explain why infants take those specif-
ic features and not others to be expressive of goal-
directedness. Therefore, the claim that the pairing
hypothesis can account for the findings of cognitivist
nativism still needs further substantiation.

Before we approach this task, we should make a
few points with respect to our combination of Del-
lantonio and colleagues’ and Vincini’s formula-
tions.* The process of de-animation, or narrowing,
is not alternative, but complementary to the piece-
meal expansion of infants’ embodied experience
and DSP. Since DSP not only provides a general ac-
cess to others as animate agents, but also to the spe-
cific meanings of their behaviors - e.g., a specific
action-goal, a specific emotion, a specific (modali-
ty-qualified) perception — what infants must learn
is not just a general schema for animacy or goal-
directedness, but rather the specific meanings of
specific behaviors. With respect to the perception
of specific embodied experiences, the developmen-
tal trajectory displays a gradual expansion, as doc-
umented by the empirical literature reviewed by
Vincini.”” Hence, combining the work of Dellanto-
nio and colleagues and Vincini*® allows us to sug-
gest that the pairing hypothesis may be able to ex-
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plain both (i) how infants perceive a wide range of
stimuli as animate agents and (ii) how infants come
to perceive the specific meanings of others’ embod-
ied experiences.

Furthermore, because the pairing hypothesis
supposes that infants operate with generalizable
schemas, it also explains why infants’ understand-
ing of intentionality can develop in a variety of
ways. For example, as Luo® observes, three-
month-olds may already be generalizing their ex-
perience of familiar humans as animate agents to
self-propelling boxes, and, as Reddy® argues, the
experience of being the object of the caregiver’s
attention is a central factor in infants’ developing
an understanding of intentionality. However, the
present paper focuses on what can be considered to
be a first step in the order of scientific explanation:
the discussion of sections 5 and 6 is framed in a
manner that is most relevant to questions such as
how an entity (be it a human, a box, or a geomet-
rical figure) can be experienced as an animate agent
at all, or how an infant may experience the caregiv-
er’s attention as directed to the self in the first place.

Finally, we note that Dellantonio and col-
leagues and Vincini and Gallagher have already
outlined distinctive empirical predictions of the
pairing hypothesis.* This allows us to devote sec-
tions 5-6 to the task of substantiating the pairing
explanation of cognitivist-nativist findings.

4 Methodological remarks

In sections 5-6 we closely examine single stud-
ies. The main reason for this methodological
choice is that examinations of a general character
do not seem to promote enduring progress. At a
general level, opposing explanations all seem to be
equally possible and it is not clear whether one is
really more plausible than the other. In contrast,
when a rich and detailed picture of an experiment
is provided, one gets a much better sense of what
these different hypotheses concretely entail.

Our methodological choice has a consequence
for our discussion of “agency indicators,” i.e., the
specific features of a stimulus that cognitivist na-
tivism has identified as signaling to infants the
presence of goal-directedness. We decided to in-
troduce these indicators in the order in which they
present themselves in the cognitivist-nativist stud-
ies selected for our consideration. In this manner,
across sections 5-6, we will discuss five primary
indicators of agency according to cognitivist na-
tivism. If we add self-propulsion - already dis-
cussed by Dellantonio and colleagues — our exam-
ination will reveal a total of six primary agency in-
dicators that can be readily explained by the pair-
ing hypothesis. Although the claim that pairing
can account for cognitivist-nativist findings can be
substantiated only partially in a single paper, we
hope that our discussion will succeed in showing

that — at least prima facie — there is no reason why
the pairing explanation should not be extended to
analogous results hinging on the same indicators.
Indeed, Baillargeon and colleagues’ influential and
comprehensive review suggests that the other
studies on how infants six-month-old and younger
understand animated boxes and figures are analo-
gous to those considered in this paper.”

A close examination of the findings entails tak-
ing seriously the question of whether they can be
explained by a mind-blind approach. There are at
least three reasons to take mind-blind explana-
tions seriously:

1) The debate between rich and lean explanations
is still unsettled and the mind-blind approach
needs to be given its fair dues.

2) Identifying mind-blind explanations is the first
step towards testing and empirically excluding
them. Thus, it encourages empirical research
and may end up strengthening mind-aware ex-
planations — we use the term “mind-aware” for
explanations, like cognitivist nativism and the
pairing hypothesis, that rely on the idea of in-
fant early awareness of other minds. We note
that the mind-blind explanations identified in
sections 5-6 have not been discussed in the lit-
erature until now and are an additional contri-
bution of the present paper.

3) Some elements of a mind-blind explanation
might actually be correct and should therefore
be integrated within a final mind-aware expla-
nation. Section 6 presents an example of this.

Both sections 5 and 6 proceed as follows. We start by
presenting the experimental design of the study un-
der consideration, its results, and the cognitivist-
nativist explanation it advocates. Then we identify a
mind-blind alternative and a way to test this alterna-
tive. Finally, in each case, we argue for a pairing ex-
planation of the findings.

5 Straightness of path and behavioral vari-
ability

In Csibra’s study, four groups of 6.5-month-
olds were habituated to different conditions con-
sisting in videos of a box that moved from one side
of a 3D room to another box in another location
of the room (each infant watched the same video
about 7 times).” In all conditions the box started
its movement on the same side of the room and
ended up next to the other box (Figure 1).

In the Single Route Condition, infants watched
the first box reach the second box by making a de-
tour to the right (from the viewer’s perspective) to
move around an obstacle. The obstacle was a third
box. The Varjable Route Condition presented the
same obstacle in the same position, but the first box
reached the second by going around the obstacle at



Rich or lean?

113

Habituation, Single Route Condition

Experimental

Control

Habituation, Variable Route Condition

Experimental

Control

Figure 1. Figure I in this paper is Figure 2 in G. CSIBRA, Goal attribution to inanimate agents by 6.5-month-old infants, p. 710.

We thank the original author and the publisher for permission to reproduce this figure. The figure represents the different

habituation conditions and test events. Each picture shows the first frame of the video clip watched by infants. The white

lines represent the path of the box from the wall in the background to the box in the foreground.

times toward the right, at times toward the left.
These conditions had their respective controls, in
which infants watched the box moving along the
same paths without any obstacle in the middle (the
obstacle appeared in a background position).

After habituation, all infants were presented
with two test videos in which the obstacle had
completely disappeared. In the Detour Path video,
the first box reached the second box making a de-
tour to the right as if it had to go around the obsta-
cle. In the Straight Path video, the first box moved
to the second box along a straight path. The result
was that only infants from the Variable Route con-
dition looked significantly longer at the Detour
Path than the Straight Path. This result indicates
that only these infants expected the first box to take
the Straight Path and thus were “surprised” by see-
ing it take the Detour Path — a conflict with their
expectation led to increased attention. According to
a mind-aware explanation, only the infants from
the Variable Route condition expected the box to
take the Straight Path because only this group of

infants considered the box to have the goal of
reaching the second box.

Now, in Csibra’s cognitivist-nativist version of
the mind-aware approach, the reason why only the
Variable Route condition group took the box to be
goal-directed is that only this group was presented
with two agency indicators in addition to self-
propulsion. The first agency indicator was
“straightness of the path”. Only boxes that take
the straightest path during habituation can be as-
cribed goal-directedness in light of the efficiency
principle (“agents minimize costs”): infants have
innate knowledge of abstract principle of rational-
ity. The second agency indicator is the “most im-
portant”:* only boxes that display behavioral vari-
ability — in this case, path variability — can be in-
terpreted as goal-directed.

A problem with the cognitivist-nativist perspec-
tive is that, while it is clear how the first indicator can
be derived from a rationality principle — the straight-
est path minimizes costs — this is not clear for the
most important indicator. Sometimes, it can be more
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convenient for an agent to vary its course of behav-
ior to achieve the same goal; at other times, it is more
convenient to maintain it. For example, it is often
safer and less demanding for an agent to reuse the
path she is accustomed to taking. Hence, the deriva-
bility of the variability indicator from rationality
principles does not seem to be direct.

Let’s now move to an alternative mind-blind
interpretation according to which infants do not
ascribe any goal to the box, but simply see a7 inan-
imate box vary its position in space and end up next
to another box. Csibra’s findings would merely at-
test to the infants’ ability to track perceptual regu-
larities and detect deviations. This is a basic adap-
tive ability, since actions must not only respond to
the regular movements things make but also to
variations in such movements. For example, the
organism must adjust its grasp if an object takes
an unexpected trajectory. Below, we examine what
happens in each condition according to the mind-
blind explanation.

In the control conditions, infants are presented
with an empty space between two boxes; then one
of the boxes moves toward the other by making
detours with respect to an imaginary straight line,
and, at least on a few occasions, these detours are
to the right. Thus, when they are presented with
the same scene in the Detour Path video, they
don’t see anything unexpected. The situation is
different in the Variable Route Condition. Here
infants are habituated to a box moving toward a
second box, taking a detour around a box in the
middle. The direction of the detour varies, so in-
fants form no expectation about the specific direc-
tion it will take. However, infants do form an ex-
pectation about the box reaching the second box.
This expectation is stronger in this condition than
in any of the other conditions because (a) in con-
trast to the control conditions, the first box ap-
pears to reach the second box in the shortest pos-
sible way (considering that the presence of the
third box in the middle requires a deviation), and
(b) in contrast to the Single Route Condition, the
final contact between the two boxes remains the
same despite a variable path — the variation high-
lights what remains the same. Furthermore, dur-
ing habituation, infants learn that deviations
from the straight line occur around an interposed
object. Therefore, while there is nothing surpris-
ing about seeing the box moving toward the oth-
er box along the straight direct path (this is how
things normally move or fall) infants experience a
conflict with their expectations when they see the
Detour Path. In this test video, the detour pre-
sents itself as a deviation away from the second
box, which contradicts infants’ relatively strong
expectation that the first box will move toward
the second. Moreover, the detour occurs around
an empty space, which contradicts what infants
have just learned, i.e., that detours occur around

an interposed object.

In the Single Route Condition, infants develop a
strong expectation that the box will move to the
right because this is what they see during the entire
habituation procedure. Thus, although the Detour
Path test presents the detour as being around an
empty space for the first time, any surprise this may
induce is quashed by the fact that their expectation
about the direction of the box’s movement is fully
met: the detour to the right does not look new.
Moreover, one can suppose that in the Single Route
Condition infants do not really learn that detours
occur around objects and may see the detour from
the start simply as a movement to the right. In con-
trast, in the Variable Route condition, infants could
appreciate that the detour was a movement around
an object precisely because it kept presenting itself as
a movement around an object despite changes in its
direction. Hence infants in the Variable Route Con-
dition were more surprised than the others when
they saw a detour but no object.

Though surely less intuitive, this mind-blind
explanation can account for the findings reported
in Csibra.” This mind-blind explanation could be
undermined by testing how infants in the Single
Route Condition would react to a detour to the
left of the empty space in the test phase. The
mind-blind explanation would predict that the
Single Route Condition would also give rise to a
renewal of attention because infants in this condi-
tion would expect the box to move to the right. In
other words, if the adaptive capacities identified
by the mind-blind explanation are really at work,
this variation would also be a perceptual novelty
capable of renewing attention.

Finally, the pairing hypothesis generates a mind-
aware interpretation that relies exclusively on the
infants’ own sensorimotor experience and domain-
general perceptual processes. The literature on pre-
natal and early post-natal behavior shows that, be-
fore and after birth, humans learn to move along
the straightest path to achieve their goals.* Before
birth, for example, after a phase of relatively chaotic
movements where the hand somehow ends up on
the mouth or the eyes, fetuses learn to reach the
mouth and the eyes along a straight path; they even
learn to reach the eyes — the more delicate target —
more slowly than the mouth.” In general, fetuses
display a gradually increasing capacity to efficiently
reach their targets in order to provoke pleasurable
or desirable sensations.*® After birth, infants have to
learn how to move in a new environment where
they experience the effects of gravity. Infants grad-
ually learn how to reach and grasp their clothes or
different objects in the environment. This process
involves learning to reach and grasp along a straight
path.” Hence, movements made by an external
stimulus along the straightest path are most readily
assimilable to the goal-directedness infants embody
in their own behaviors.



Rich or lean?

115

In general, straightness of path as an indicator of
agency is directly derivable from an approach based
on domain-general assimilation-accommodation.
Infants experience their own intentional actions as
characterized by a «quality of expectation or “in-
completeness”>.”° Husserl would describe it as a
certain “emptiness”, which is only completed or
“fulfilled” when the goal is achieved. Thus, an un-
motivated detour from the straightest path is an
unnatural prolongation of such incompleteness and
unfulfillment: perceived in an external stimulus, it
would indicate a failure to express comprehensible
behavior. This is even more true if — as in the Vari-
able Route Condition — the self-propelled entity has
been repeatedly perceived to reach its goal by the
straightest path.

The literature on prenatal and early develop-
ment also teaches us that infant behavior is char-
acterized by continuous variability — a variability
connected with infants’ own need to explore their
motor potentialities.”’ Consequently, the experi-
ence of animate agency that infants embody in
themselves is inextricable from an experience of
variability. According to the pairing hypothesis, it
is on the basis of this experience that infants soon
learn to perceive their caregivers as animate
agents. Caregivers also display high behavioral
variability and this contributes to making behav-
ioral variability a typical feature of agency. It fol-
lows that the second, “most important” indicator
of agency that grounds a mind-aware interpreta-
tion of Csibra’s findings is also directly derivable
from the pairing hypothesis.”> The monotony of a
movement such as that presented in the Single
Route Condition - the same (reatively uninterest-
ing) movement presented 7 times — is precisely the
kind of stimulus that cannot be assimilated to in-
fants’ previous experience of agency.

Accordingly, the main point we wish to high-
light from this section is that, while both straight-
ness of path and behavioral variability are indica-
tors of agency that can be directly derived from
core assumptions of the pairing hypothesis, it is
not immediately clear how behavioral variability
could be derived from a rationality principle.

6 New goal, richness of context, and con-
tingent interaction

Luo* familiarized three groups of 3-month-olds
with different stimulus conditions. Each condition
was preceded by the presentation of a self-propelling
box moving back and forth across the scene (the so-
called “orientation event”; cf. Figure 2 and Figure 3).

The first familiarization condition presented
two objects, each of which stayed on one side of
the scene (“two-object condition”). The object
on the right side (from the observer’s viewpoint)
was a white cone decorated with pastel dots; the
object on the left was a yellow cylinder decorat-

ed with blue stripes. The box appeared in the
middle of the scene between the two objects.
Then, the box moved until it stopped next to the
cone and and paused in this position. Infants
watched this sequence of movement toward the
cone and pause next to it five consecutive times.

The second (“one-object”) condition was ex-
actly like the first — infants observed the box mov-
ing toward and resting next to the cone on the
right, five times — except that, in this condition,
there was no cylinder on the left. Finally, the third
condition also presented only one object, the cone,
but in the first, second, and fifth iterations, the
cone appeared on the right side of the scene,
whereas, on the second and fourth iterations, it
appeared on the left (“different-positions condi-
tion”). Accordingly, in this last condition, the box
— always starting from the center — moved in dif-
ferent directions to come into contact with the
cone and rest next to it.

After seeing the respective familiarization con-
dition, each group was presented with the same
novel display and then with two fixed test-events.
The display consisted in a scene with the cone on
the left and the cylinder on the right, but no box in
the middle: the positions of cone and cylinder
were inverted with respect to the two-object con-
dition. One of the test-events consisted in the box
moving from the center to rest next to the cone on
the left. The other test-event showed the box mov-
ing from the center to the cylinder on the right
(the order of test-events was counterbalanced
across infants in each group). The result was that
only the infants from the two-object and the dif-
ferent-positions conditions watched the box mov-
ing toward the cylinder significantly longer than
the box moving toward the cone, whereas the in-
fants from the one-object condition looked about
equally at both test-events. This means that only
infants from two-object and the different-
positions conditions expected the box to move
toward the cone and hence experienced “surprise”,
renewing their attention when it instead moved
toward the cylinder. A mind-aware interpretation
explains this result by positing that only infants
from those conditions considered the box had the
goal of reaching the cone and argues that they did
so on the basis of agency indicators. According to
Luo’s cognitivist-nativist version of the mind-aware
explanation, the agency indicators activated an
«innate psychological-reasoning system».** The
first agency indicator identified by Luo is, once
again, self-propulsion, which was presented at the
beginning of the experiment in the “orientation
event”. The second is a special kind of behavioral
variability: changing behavior in order to achieve a
new potential goal. This second indicator was pre-
sented in the shift from the orientation event to the
familiarization condition, since the box changed its
behavior from moving back and forth to moving
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Figure 2. Figure 2 and Figure 3 in this paper are Figure 1 and Figure 3 in Y. Lo, Three-month-old infants attribute goals to a
non-human agent, p. 455 and p. 458, respectively. We thank the original author and the publisher for permission to repro-
duce these figures. Figure 2 consists in a schematic drawing of the experimental events in the two-object and the one-object
conditions
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Figure 3. Schematic drawing of the experimental events in the different-positions condition



Rich or lean?

117

towards and then resting next to a cone. These two
cues were present in the one-object condition as
well, but, according to Luo, they were not sufficient
to motivate any inference about the presence of a
goal in this condition, not even an unspecific goal of
a higher-level generality. >

The decisive indicator present in the two-
object condition was the richer context: the box
appears to move in the context of two objects.

According to Luo,* infants interpreted the two
objects as options between which the box could
make a “choice”. This concept of “choice” has
been specified in detail in the cognitivist-nativist
literature: a choice is the expression of a “prefer-
ence for A over B”.>” An entity has a preference for
A over B if it deems A better than B, which neces-
sarily entails that the entity must be aware of both
A and B.*® Finally, Luo® identified behavioral var-
iability, i.e., variation of behavior to achieve the
same goal on different occasions as the decisive
indicator of agency in the different-positions con-
dition (as in Csibra).” In the different-positions
condition, the box sometimes moved to the right,
sometimes to the left, in order to reach the cone.

Unfortunately, however, Luo® seems to dis-
miss “low-level interpretations” somewhat prema-
turely. As in the previous section, we shall now re-
visit the stimuli from the point of view of a viable
mind-blind explanation. The mind-blind explana-
tion relies on the assumption that the distinctive
features of an object are highlighted when (i) it is
presented alongside a different object (ii) it must
be identified in different circumstances. In the
two-object condition, having both objects in the
scene allowed infants to differentiate between
these two objects, and they got used to the fact
that the box ended up being next to the white ob-
ject with pastel dots and a conical top (the cone),
while the slightly more voluminous, yellow object
with blue stripes (the cylinder) remained distant
and did not participate in any contact event. See-
ing the box ending up next to the cylinder contra-
dicted what they were used to and thus caused the
observed renewal of attention.

In the one-object condition, infants habituated
to the box moving toward a taller object on the
right. Then a new two-object configuration ap-
peared, likely weakening the memory of the least
global features of the familiarization event (e.g., the
details of the object) — this is the phenomenon
known as “retroactive interference” emphasized by
Heyes.”? Accordingly, when infants saw the box
moving again toward a taller object on the right, no
expectations were violated, even though the object
was not the same as before. Indeed, if anything, in-
fants precisely expected that the box would contact
the taller object on the right — as possibly suggested
by a closer look at the test data for this condition —
because that was all they could remember from fa-
miliarization (or all that they could perceive in the

familiarization event).

In the different-positions condition, infants
were familiarized with the box contacting a taller
object in whichever position it appeared (on the
right or left of the scene). Therefore, they were ha-
bituated to seeing the box moving in different di-
rections and to seeing the object in different posi-
tions, which might have diminished retroactive in-
terference in the test phase. Furthermore, a repeti-
tion of an event in different circumstances high-
lights the features of the event that remains con-
stant.”” While infants in the one-object condition
may have identified the cone simply as “the taller
object on the right,” infants in the different-
positions condition could identify the cone as the
same object despite its different positions only by rely-
ing on its distinctive features (white, pastel dots,
conical top).Thus, the infants in the different-
positions condition, but not those in the one-object
condition, formed the expectation “box moves to-
ward white object with pastel dots and conical top,”
which was contradicted in the test phase. This
mind-blind explanation also suggests that it might
have been easier for the infants from the different-
positions condition to identify the cone in the dis-
play and test phases, since they had already identi-
fied it in different positions during familiarization.

As in the previous section, we now suggest a test
for this mind-blind explanation. In substance, the
mind-blind explanation assumes that infants in the
one-object condition had difficulty differentiating
the cone and the cylinder. This, however, might
simply be due to the fact that these objects were rel-
atively similar to each other. If so, the problem
could be fixed by using two more obviously differ-
ent objects like the little pyramid and the volumi-
nous pumpkin used in Choi et al.** The mind-blind
explanation would predict that, using an obviously
different pair of objects would lead to renewal of
attention in the one-object condition too, because
infants would, for example, recognize a big pump-
kin from familiarization in the display and test
phases, and thus expect the box to move toward it.

Lastly, let’s consider the mind-aware explana-
tion generated by the pairing hypothesis. In Sec-
tions 3 and 5, we have already argued that the
pairing hypothesis coherently explains three of the
agency indicators that play a role in Luo’s paper:
self-propulsion, straightness of path, and variabil-
ity of behavior when preserving the identity of the
goal.® We add here that the special kind of varia-
bility Luo identified as an agency indicator —
change of behavior to achieve a new goal — can be
readily accounted for by the pairing hypothesis. In
fact, changing goals and corresponding behaviors
is a very common feature of infants’ experience of
their own embodiment: e.g., a fetus may vary her
behavior from touching her eyes to sucking her
finger® and a two-month-old may vary hers from
touching her clothes to stretching her legs.”
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The question, then, seems to be how the pair-
ing hypothesis can account for the last agency in-
dicator in Luo, i.e., richness of context. In this re-
gard, the emphasis on infants’ own embodied ex-
perience leads to the consideration that, at three
months, infants rarely engage in the process of ra-
tional choice described by the cognitivist-nativist
approach.®® Recall that this process requires con-
sidering at least two options and evaluating which
is better.” At three months, babies rarely do this
and even if we (somewhat artificially) put them in
front of different options, they simply tend to se-
lect whatever option is attractive enough to first
solicit the first response. Therefore, if the pairing
hypothesis can account for the richness-of-context
indicator in a way that (i) does not require consid-
ering two options and rationally choosing between
them, and that (ii) relies exclusively on domain-
general perceptual processes, it seems fair to con-
clude that the pairing hypothesis can also explain
the richness-of-context indicator in a sufficiently
direct and coherent manner.

To examine this issue, we should note that, in all
accounts — including the mind-blind account, infants
in the two-object condition differentiate the cone
from the cylinder. Hence, for simplicity’s sake, let’s
call them A and B, respectively. Moreover, watching
a familiarization condition is an activity that unfolds
over time, in which infants gradually make sense of
the events they see, e.g., at any point in time perceiv-
ing them in light of what happened before. Now, the
pairing hypothesis does suggest that infants in the
two-object condition perceive that the box has goal
A and not goal B. However, according to the pairing
hypothesis, infants do not need to assume that the
box has chosen A over B, nor, indeed, that the box is
in any way considering option B. We can clarify this
distinction between “having a specific goal” and
“considering and choosing between options” by
means of an example.

Imagine observing an academic in her office.
She has just come up with a solution for how to ad-
dress a problem in a paper that blocked her from
writing for a while. You observe the academic ab-
sorbed by the process of writing for a few minutes.
Surely, the office environment presents many pos-
sible action goals — drinking from a bottle of water,
texting from the smart phone, reading a book lo-
cated on the desk, looking out of the window, etc. —
but you do not observe the academic choosing be-
tween these possible goals and the goal she is actu-
ally realizing. In fact, you see that she is not consid-
ering the other goals at all. You are simply in a posi-
tion to see that, during that entire time you watch,
she pursues a specific goal, i.e., writing something
on her laptop, rather than doing anything else in
her office. This presumably applies to infants as
well. For example, the scene presented in Csibra
(Figure 1)”° shows a number of possible goals that
the moving box could reach — a window, two doors,

a third box, etc. — but it is unnatural to construe the
scene in terms of the box choosing one goal over
the others. Indeed, Csibra did not describe it in
these terms and the other goals usually go unno-
ticed when considering his study. The simple fact
that an environment presents a plurality of possible
action goals for an agent does not entail that the agent
is considering them.”"

Consequently, the pairing explanations of
Luo’s first two conditions go as follows. In the
two-object condition, infants see that there is a
possible other goal for the box, that is, goal B, and
this is why they appreciate that having goal A ex-
cludes goal B, but they do not have to assume that
the box is considering goal B. In the one-object con-
dition, the box is perceived to have the unspecific
goal of reaching an object. Because the box reach-
es an object in the test events too, there is no re-
newal of attention in this case.

This explanation can be generalized to numer-
ous experimental settings discussed by cognitivist-
nativists. These settings often imply a rich context,
which entails displaying the repeated pursuit of A
over B.”? According to the pairing hypothesis, this
kind of richness-of-context represents the stimu-
lus to which a general sensorimotor schema of an-
imate agency (including self-propulsion, straight-
ness of path, and the different kinds of behavioral
variability) must be accommodated. Although it
derives from previous experiences, the general
schema of animate agency is unspecific with re-
spect to the goal pursued by an agent in a particu-
lar case. The goal of the agent is specified by the
perceptual scene on the basis of the elements pre-
sent in the scene — think about how, in Csibra,”
the goal is specified as “move to that particular
box” as opposed to a generic “move to another ob-
ject in the room”. From the domain-generality of
this process of assimilation-accommodation, it fol-
lows that the pairing hypothesis has a rather direct
and coherent manner of explaining the richness-
of-context indicator. The pairing explanation
points out that richness-of-context determines the
specificity of the goal ascribed to the agent and that
this is sufficient to explain the findings.”

The cognitivist-nativist explanation suggests
that «since infants in the one-object condition were
not given information to predict the box’s choice
between the two objects when the cylinder was
added during test, they should not differentiate be-
tween the two [test] events»” — but why should
this not apply to the different-positions condition
too? The same principle of rationality that keeps
infants from predicting a specific choice after the
one-object condition, should keep them from mak-
ing a specific prediction after the different-
positions condition, because no information about a
preference is given in this case either.”®

The pairing hypothesis does not have this prob-
lem. It explains the different-positions condition by
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emphasizing the behavioral variability that infants
experience in themselves and in the caregivers they
soon become familiar with. Infants rarely achieve
the same goal in precisely the same manner. For ex-
ample, if they want to scratch a part of their head,
the hand can initiate this movement from many
different locations: the belly, a stretched open arm,
a contact position with the other hand, etc. There-
fore, the behavioral variability of the different-
positions condition is readily assimilable to infants’
general schema for goal-directed agency. Indeed,
this variability is not just a strong indicator of in-
tentionality,”” but also an indicator of strong inten-
tionality: since the box moves in different direc-
tions to reach the cone, the box displays a con-
sistency, an insistence, a commitment, an “effort”,
that it does not display in the one-object condi-
tion.”® Furthermore, in this condition, infants have
to identify the object across different positions,
which obliges them to rely on its distinctive features
(white, pastel dots, conical top) and allows them to
identify it in a more specific manner - as the mind-
blind explanation for this experiment suggests.
Therefore, infants form the expectation that the
box will continue to reach this specific object and
the contradiction of this expectation causes the re-
newal of attention in the test phase.

Finally, we should consider the last agency in-
dicator mentioned by Luo” and extensively em-
phasized by Baillargeon and colleagues: the enti-
ty’s contingent interaction with a human, which is
more effective if it occurs «as when participating
in a conversation or a playful interaction.* This
indicator is clearly derivable in a more direct
manner from the pairing account than from the
idea of innate inferences based on rationality prin-
ciples. Most likely, infants assimilate the vision of
a contingently interacting and playful entity to the
first-person interactions they have had with their
own caregivers.® In this regard, the characteristic
prediction of the pairing hypothesis — that social
interaction promotes early action perception® —
has already been verified.®

7 Conclusion

The goal of this paper was to show that a close
examination of data produced by the cognitivist-
nativist framework strengthens the pairing hy-
pothesis by significantly expanding the range of
findings it can account for. Vincini’s previous
formulation of the pairing hypothesis gathered a
considerable amount of empirical evidence in the
domains of animacy, action, emotion, and gaze
perception. However, Vincini* provisionally took
a mind-blind approach toward a significant por-
tion of cognitivist-nativist findings on how six-
month-olds and younger infants access the goal-
directedness of boxes and other geometrical fig-
ures that bear no visual resemblance to humans.*

Dellantonio and colleagues made the claim that
the pairing hypothesis could account for cogni-
tivist-nativist findings, but only substantiated this
claim with respect to self-propulsion as an agency
indicator. What was missing in both Vincini and
Dellantonio and colleagues was a close engage-
ment with cognitivist-nativist findings.*

Here, we examined six primary indicators of
agency identified by cognitivist-nativists in two
representative studies by Csibra and Luo.” In ad-
dition to (1) self-propulsion, we considered (2)
straightness of path, (3) richness-of-context, (4)
change of behavior to achieve a new goal, (5) vari-
ation of behavior preserving goal identity, and (6)
contingent-playful interaction. We have argued
that the pairing hypothesis can directly derive all
of these, displaying even more explanatory coher-
ence than cognitivist-nativism in the case of (5)
and (6). These agency indicators explain findings
— analogous to those of Csibra and Luo — concern-
ing early access to the goal-directedness of boxes
and geometrical figures.* Therefore, by arguing
that the agency indicators can be coherently de-
rived from the pairing hypothesis, we have shown
that the pairing hypothesis can account for this
significant portion of the findings. Of course, Del-
lantonio and colleagues’ general claim that the
pairing hypothesis can account for cognitivist-
nativist findings can be substantiated only partial-
ly in a single paper.* Future work should examine
a number of other studies in detail and pursue the
lines of argument put forward in this paper at dif-
ferent levels of analysis.”

Overall, our discussion has strengthened the
pairing hypothesis. We combined Vincini’s discus-
sion of gradual expansion with Dellantonio and
colleagues’ perspective,”’ which emphasizes per-
ceptual narrowing/de-animation. In our formula-
tion, the pairing hypothesis includes two comple-
mentary processes:

(a) sensorimotor experience provides infants with
a general schema of animate agency with which
they can perceive a great variety of stimuli as
animate and then, through social interaction,
come to understand what entities are or are not
actually agents;

(b)through gradual development of their behav-
ioral repertoire, infants expand the range of
others’ behaviors which they perceive as having
specific meanings.

Apart from an exception in section 3 — duly
noted in footnote 24 — across the entire paper we
have referenced empirical studies that were not
employed in previous work on the pairing hypoth-
esis, thus adding to the evidence that supports it.
Fortunately, we could rely on the fact that Del-
lantonio and colleagues and Gallagher and Vincini
have already outlined distinctive empirical predic-
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tions of the pairing hypothesis.”

The pairing hypothesis is more parsimonious
than cognitivist-nativism because it explains early
social understanding solely by means of domain-
general processes that are accepted by practically
everyone in the field, including cognitivist nativ-
ists.” However, the pairing hypothesis also differs
radically from a central trend in lean explanations,
which posits that infants are unable to access oth-
er minds. We identified two “mind-blind” expla-
nations that have not been discussed in previous
literature. The mind-blind explanation for
Csibra’s study relied on infants’ ability to track
patterns of movements, whereas the mind-blind
explanation for Luo’s study relied on lack of speci-
fication in object identification. As has often been
pointed out,” these examples confirm that mind-
blind explanations tend to vary for each particular
study and thus are not widely applicable explana-
tions. In contrast, our argument that the pairing
hypothesis coherently explains six primary agency
indicators shows that it may constitute a unitary
hypothesis for the entire set of findings produced
by the cognitivist-nativist framework.

Our critique of cognitivist-nativism is meant to
be constructive. We hope that cognitivism-inclined
developmental scientists will find it stimulating to
consider a more parsimonious “mind-aware” alter-
native. In particular, we hope that the pairing hy-
pothesis — as a constructive challenge — may give
new impulse to empirical research. Our suggestions
on how to test the mind-blind explanations for
Csibra and Luo take a small step in this direction. In
general, in this paper we promote interaction be-
tween cognitivism and the 4E Cognition approach
and corroborate the idea that this interaction could
lead to renewed progress in cognitive science.
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