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Figure 1. Inanimate Control Stimuli can Distinguish Mentalising from Submentalising. Examples based
on frames in the ‘belief induction’ (A) and ‘false belief’ (B) movies presented by Krupenye and colleagues [4].
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Making subtle and extensive use of
eye-tracking technology, Krupe-
nye and colleagues showed that,
like human infants, great apes –

chimpanzees, bonobos and orang-
utans – can accurately anticipate
the goal-directed behaviour of an
agent that holds a false belief. How
do they do it, by mentalising or by
submentalising?

Humans often predict and explain each
other's behaviour by ascribing mental
states. At the movies, we expect the
spy to head for the desk because he
wants the documents and believes they
are hidden there. For nearly 40 years,
biologists and psychologists have been
trying to find out whether this capacity
for ‘mentalising’, ‘mind reading’ or ‘theory
of mind’ is shared by other apes [1–3].
Krupenye and colleagues recently
reported a breakthrough in this quest –

evidence that chimpanzees, bonobos and
orangutans can attribute false beliefs [4].

In their study, apes watched movies. Here
is a description of what happened in one
of the movies ([4], Experiment 2, FB2), the
kind of description provided by Krupenye
and colleagues, and that most people
would give if asked by a friend: A human
actor, behind bars and dressed in green,
had a contest with another actor, in the
foreground and dressed in a King Kong
(KK) suit. On three successive occasions
the green actor tried to get possession of
a brick, but each time KK snatched the
brick and hid it in one of two boxes on his
side of the bars. On the first two occa-
sions, the green actor patiently retrieved
the brick from the box where it had been
hidden. On the third occasion, the green
actor left the room after KK had hidden the
brick. While he was away, KK transferred
the brick to the other box, then removed it
from the second box and left the scene
taking the brick with him. When KK had
gone, the green actor returned to the
room, took up the central position from
which he had begun to retrieve the brick
on previous occasions, and the movie
stopped.

Krupenye and colleagues found that,
when the action stopped, the apes’ first
eye movements tended to be in the direc-
tion of the box where the brick had been
hidden before the green actor left the
room. When the action is described in a
familiar, folk psychological way (above) it is
natural to interpret this as a sign of mind
reading - that the apes expected the green
actor to search the box where he falsely
believed the brick to be hidden – or, at
minimum, as a sign of ‘behaviour reading’
– that the apes expected the green actor
to search the location where he had last
seen the brick ([4], p. 113).

This study is important because it pio-
neers the subtle use of eye-tracking to
test for mentalising in animals. An infrared
eye-tracker was used, without head
restraint, not merely to check that the apes
Tre
looked at the stimulus display, but to
record how much they looked at four criti-
cal areas in seven phases of the action ([4],
Figures S3 and S4). Consequently, we
can be more confident than in any previ-
ous study that key elements of the action
sequence ‘went in’ to the minds of the
apes. For example, the eye-tracking data
indicate that the apes watched the move-
ments of the brick when the green actor
was out of the room, and therefore make it
unlikely that, when he returned, the apes
merely looked towards the location where
they believed the brick to be hidden.

So, the study by Krupenye and colleagues
set a new methodological standard for
research on mentalising in animals, and
showed something truly interesting about
the apes – that they “accurately anticipated
the goal-directed behaviour of an agent
who held a false belief” ([4], p. 113) – but
it did not tell us whether the anticipation was
due mentalising or to ‘submentalising’; pre-
diction of behaviour by low-level, domain-
general psychological processes [5].

Rather than viewing the movie as a narra-
tive in which agents acted on objects for
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Box 1. Testing for Submentalising

Experiments on mind reading can be controlled for submentalising in several ways [3,5,10]. A particularly
effective strategy uses inanimate control stimuli of the kind shown in Figure 1. In these examples, based on
frames in the ‘belief induction’ (A) and ‘false belief’ (B) movies presented by Krupenye and colleagues [4], the
green actor and KK have been replaced by coloured shapes. If the apes tested by Krupenye and colleagues
had shown the same eye-movement behaviour after viewing a movie that featured colours, shapes and
movements without human actors, it would suggest their eye movements were due to submentalising.
reasons, the apes may have selectively
encoded relatively low-level properties of
salient events, including the appearance
and disappearance of the striking green
shirt; the configuration of three cues
(green centre/bell rings/boxes flash) that
signalled an excitingly novel event (the box
taking flight; see Figure 1B); and a predic-
tor of which box would fly next – the last
location of the brick when the scene was
green. Once the possibility of low-level
encoding is acknowledged – once we
have entered this potential ‘self-world’ of
the apes [6] – it becomes apparent that a
range of domain-general mechanisms,
which process inanimate as well as ani-
mate stimuli, could have driven the apes’
eye movements. For example, reappear-
ance of the green shirt could have acted
as a retrieval cue, activating a memory of
the brick's location when the green colour
was last present [7]. Eye-tracking can give
a fair indication of what goes into a mind,
but it can’t tell us what is likely to come out
– to be remembered. Alternatively, the
orientation of the green object relative to
the boxes and the brick prior to the green
object's disappearance could have acted
as a contextual cue priming the apes’
visual search when the green object reap-
peared. Experiments using inanimate
stimuli with adult human participants have
shown that this kind of cueing is driven by
incidentally learned associations between
spatial configurations and target locations
[8].

The retrieval cue and contextual cue
hypotheses suggest that the apes were
submentalising, or predicting behaviour
using mechanisms of attention, learning
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and memory that did not evolve for, and
are not dedicated to, the analysis of
agents’ behaviour. Studies of mind read-
ing should control for submentalising
because cognitive science has shown that
domain-general mechanisms of attention,
learning and memory are activated in adult
humans whenever patterns recur in a
complex stimulus array (Box 1). Therefore,
to consider the possibility that apes are
submentalising is not to belittle them, but
to ask in what ways they are similar to
humans. Unless one needs to discuss
behaviour [9], or to catch a Hollywood
spy, submentalising may be the smart
option.
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Mind the Brain:
The Mediating and
Moderating Role of
Neurophysiology
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Most studies involving experimen-
tal manipulations or interventions
tailored to modulate behavior do
not account for variability in the
critical antecedent of behavior,
the brain. Here, we describe ele-
gant approaches to model the role
that neurophysiology can play in
mediating or moderating relation-
ships in this context. We highlight
the capacity for these approaches
to improve the inferential power of
research, bridge the gap between
neural and behavioral levels of
analysis, and bolster the prospects
for reproducibility.
Most basic and translational research in
the cognitive sciences entails manipulat-
ing independent variables with the view to
observing the effect of these manipula-
tions on behavioral outcomes of interest.
When designing such research and ana-
lyzing the resulting data we must be cog-
nisant of the multifaceted systems from
which the data are drawn and endeavor to
account for variables that may modify or
inform the relationship between our inde-
pendent variables and outcomes of inter-
est. Factors such as gender, age,
socioeconomic status, and level of edu-
cation constitute a few of the variables
that are regularly taken into account in
the literature. However, of particular per-
tinence in this field is the fact that the
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