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This is a response to the commentaries on Hernik and Southgate (2012) by Biro (2012), Kuhlmeier and Robson (2012) and Luo and

Choi (2012).

Both L&C and K&R reject our conclusion that an
absence of a Woodward-effect in some single-object ver-
sions of the paradigm reflects a lack of goal-attribution.
Both argue that, while infants would naturally interpret a
direct approach to a solitary object (i.e. an action, which is
lacking in cues to the goal, like efficiency and selectivity)
as goal-directed, they may need these additional cues in
order to generate the further expectation required for the
Woodward-effect: that an agent will persevere in acting on
the same target. Thus, the point of contention is whether
these cues primarily facilitate goal-attribution, or rather
the expectation of perseverance.

Neither K&R nor L&C provide any independent evi-
dence that efficiency can serve as a cue to continued
action on the same object. L&C propose that the pres-
ence of cues like efficiency are interpreted by infants as
indicating that the agent is going to a lot of ‘trouble’ to
approach its target, which leads infants to attribute a
positive disposition towards the target, which in turn
suggests that the agent will approach it again. However
L&C do not explain how effort can be extracted from
efficiency and why inefficient approaches, with the same
timing and path as the efficient ones, are nevertheless not
interpreted as effortful. Furthermore, since L&C contend
that cues to efficiency were present in Luo and Baillar-
geon’s (2005) one-object condition, it is unclear why that
one-object approach did not also lead the infant to
attribute a “positive disposition towards the target that
was strong enough to endure the addition of a new
choice". While there is no evidence that efficiency leads to
such positive disposition attributions, there is evidence
that efficiency serves as a cue to the goal, even when
expectation of another action on the same object is not
required: e.g. infants expect that an efficiently-behaving
agent will make contact with a target-object even if they
have never seen this outcome (Southgate & Csibra, 2009;
Wagner & Carey, 2005). These data suggest that effi-

ciency serves as a cue to the goal, rather than to the
agent’s perseverance.

L&C further claim that we have failed to appreciate
the role of agent identification in goal-attribution. They
cite a theoretical paper (Leslie, 1995) in support of their
claim that, once an agent has been identified, infants
would assume its actions are goal-directed. Contrary to
L&C’s claim, many studies have shown that agent iden-
tification is insufficient for goal-attribution (e.g. Wood-
ward, 1999). Even if the agent is a human, goal-
attribution depends on available cues (Kamewari, Kato,
Kanda, Ishiguro & Hiraki, 2005; Kiraly, Jovanovic,
Prinz, Aschersleben & Gergely, 2003) or on familiarity
with the particular action (Southgate, Johnson, Karoui
& Csibra, 2010). The fact that human actions are not
automatically interpreted as goal-directed in the absence
of additional cues should give us reason to question
whether infants would represent the goal of a self-pro-
pelled box-agent’s direct approach to a solitary object
(Luo & Baillargeon, 2005) when it is lacking any known
cues to goal-directedness.

We agree to a large extent with Bird’s comment, but we
find the notion of ‘means selection’ potentially mislead-
ing and believe that its relations to action efficiency,
variability and adjustment to change of constraints as
well as its role in goal-attribution require further clari-
fication. After all, when an agent is selectively engaged in
inefficient means-actions (e.g. Hernik & Southgate, 2012,
Experiment 2), infants do not evidence goal-attribution.
Furthermore, adjustment of efficient action to varying
situational constraints is not necessary for goal-attribu-
tion (Kamewari er al., 2005, Sodian, Schoeppner &
Metz, 2004) and when action variability does facilitate
goal-attribution, it doesn’t necessarily highlight a selec-
tion of a particular means-action (Csibra, 2008),

In sum, while as adults we share both K&R's and
L&C'scommentators’ intuition that a direct approach to
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a solitary object is likely to be goal-directed, our con-
clusions about infants are based on empirical data, not
intuition. The Woodward-effect in one-object tasks de-
pends on the presence of cues to the goal, rather than
on knowledge of the agent’s preferences. Insofar as the
Woodward-effect is what we, as researchers, deem
evidence of goal-attribution, our conclusion, however
unintuitive, follows. However, K&R are right to raise
the issue of whether reliance on one particular paradigm
is wise, and we believe it is now time to develop alter-
native tools to test our conclusions. With the advent of
new brain imaging techniques suitable for use with in-
fants, one possible way of doing this might be to ask
whether infants recruit brain regions involved in goal-
attribution (Hamilton & Grafton, 2006) in the absence
of these additional cues.
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