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Strike dates

February: 1st, 9th, 10th, 14th, 15th, 16th, 21st, 22nd, 23rd, 27th, 28th

March: 1st, 2nd, 16th, 17th, 20th, 21st, 22nd

Week 3: Wednesday
Week 4: Thursday, Friday
Week 5: Tuesday, Wednesday, Thursday
(Flexible learning week: Tuesday, Wednesday, Thursday)
Week 6: Monday*, Tuesday, Wednesday, Thursday
Week 7: No strikes
Week 8: Thursday, Friday
Week 9: Monday, Tuesday, Wednesday
Week 10: No strikes

Red = missing lecture Blue = missing tutorial



Plan for today

• Finish off grammar learning
– A reminder of where we are and where we are going for the final few 

weeks
• Mind-reading and language
– Ostensive-inferential communication
– Knowing what others know
– Mind-reading in word learning
– The evolution of mind-reading



Grammar learning in non-humans



S → NP VP VP’(NP’)
NP → Npr N’pr
Npr → Fido fido’
Npr → Tiddles tiddles’
VP → V NP V’(NP’)
V → chased λx [λy [(chase’(x,y)]] 

Reminder: Language’s communicative power comes 
from its structure

Compositionality: the meaning of an expression is a function of 
the meaning of its parts and the way in which they are combined

Fido chased Tiddles

S
chase’(fido’,tiddles’)

NP
tiddles’

Npr
fido’

NP
fido’

VP
λx[chase’(x,tiddles’)]

V
chase’



Artificial Grammar Learning in non-humans

Wilson, B., Slater, H., Kikuchi, Y., Milne, A., Marslen-Wilson, W., Smith, K., & Petkov, C. (2013). Auditory 
artificial grammar learning in macaque and marmoset monkeys. Journal of Neuroscience, 33, 18825-18835.

For review see e.g. Petkov, C. I., & Ten Cate, C. (2020). Structured Sequence Learning: Animal Abilities, 
Cognitive Operations, and Language Evolution. Topics in Cognitive Science, 12, 828– 842. 



How about learning of meaningful sequences?
234 J.W. Pilley / Learning and Motivation 44 (2013) 229– 240

Fig. 1. This photograph displays the scenario for testing multiple and familiar objects. The confederate is on the couch with Chaser close by. Four objects
are  on the floor.

was provided an instruction sheet describing the names of objects on each trial and the precise command sequence of events
for each trial. I, John Pilley, operated the camcorder and identified for the video the names of objects on each trial during
the testing trials. The testing confederate was out of the room during the identification of objects. On a later occasion, three
Wofford College students viewed the video and independently evaluated the accuracy of Chaser’s responses, as well as the
possible intrusion of unintended visual cues emitted by myself, John Pilley, video recorder.

Sixteen objects were randomly selected from the 100 objects that had been used during syntax training. Each selected
object was arbitrarily assigned a number between 1 and 16. Each number was written upon a small slip of paper and placed
in a small basket. Numbers were randomly retrieved from the basket in pairs and each pair was  successively assigned a
trial number, one through eight. A coin was tossed for each of the eight pairs in order to randomly assign initial direct or
prepositional object status in the test sentence. The physical positions of each article were not changed from one trial to
another. The “a” trial for each pair of objects represented the first trial of testing for a particular pair of objects. On the “b”
trial, the positions of the paired objects were altered in the syntax command sentence, thereby testing Chaser’s semantic
understanding of the sentence. In order to control for a possible physical position preference (choosing objects on her left
side as opposing to choosing objects on her right side), pairs of objects were counter balanced over the 16 trials (Fig. 1).

Testing was carried out in our carpeted living room. For each trial, two  prepositional and two  direct objects were placed
on the floor at a distance of 1.8 m from the camera. The two prepositional and two direct articles were placed 1.2 m apart
and were parallel to the couch. Both the two prepositional objects and the two direct object items were placed 2.5 cm from
one another. The testing confederate sat on a couch a distance of 3.6 m from the camera. The testing confederate was given
an instruction sheet describing the names of objects on each trial and the precise command sequence of events for each
trial. Commands were issued when Chaser was facing toward the objects and away from the tester. Immediately after each
trial, the camcorder was turned off and Chaser was taken by the tester to a bedroom down the hall for brief play. At the
same time, a second confederate rearranged objects or placed new objects upon the floor for the next trial. While the testing
confederate was out of the room, the camcorder was turned back on in order to identify the names of the objects for the
next trial. The camcorder was turned off until the tester confederate returned with Chaser, at which time the camcorder
was turned back on for the next trial. The entire testing session was video taped. On a later occasion, three Wofford College
students viewed the film and independently evaluated the accuracy of Chaser’s responses, as well as the possible intrusion
of unintended visual cues emitted by myself, John Pilley, as operator of the camcorder.

Results – findings when objects were familiar and multiple

Table 1 identifies for each of the 16 trials: (a) the precise sequence of the syntax command, (b) the names and positions of
each of the prepositional and direct objects in the syntax command sentence, and (c) the correct or incorrect responses for the
direct object and the prepositional object. Note that on each trial, there were always two  prepositional and two direct objects
available for selection. For each trial, the sequence of the syntax command sentence always began with the preposition “TO”.
For each trial, the correct response was always taking the correct direct object named in the syntax sentence to the correct
prepositional object named in the syntax sentence. Chaser was  tested twice for each pair of objects. For example, on trial 1a,
sugar was the indirect object and decoy was the direct object. However, on trial 1b, sugar was the direct object and decoy
was the indirect object. Thus, the roles of the objects were reversed, thereby testing Chaser’s semantic understanding of the
sentence. All objects were familiar in that they were used during syntax training.

“to sugar take decoy”
“to decoy take sugar”

Pilley,  J. W. (2013). Border collie comprehends sentences 
containing a prepositional object, verb, and direct object. 
Learning and Motivation, 44, 229-240. 

“ball fetch”
“stick point”

Ramos, D., & Ades, C. (2012). Two-item sentence comprehension 
by a dog (Canis familiaris). PLoS ONE, 7, e29689.



Savage-Rumbaugh, E. S., Murphy, J., Sevcik, R., Brakke, K., Williams, S., Rumbaugh, D., & Bates, E. (1993). Language 

comprehension in ape and child. Monographs of the Society for Research in Child Development, 58, 1–252.



Perhaps a deficit for hierarchy?

• Could just be ‘semantic soup’ plus smart interpretation?
– Cut the onions with your knife
– Put the pine needles in the refrigerator

• But he can handle reversible events (cf. also Chaser)
– Put the tomato in the oil
– Put some oil in the tomato [Kanzi pours oil in a bowl with the tomato]

• But no strong evidence for hierarchy
– Give the water and the doggie to Rose. [Gives dog only]
– Give the lighter and the shoe to Rose. [Gives lighter only] 
– Give me the milk and the lighter [Responds correctly]

Truswell, R. (2017). Dendrophobia in bonobo comprehension of 
spoken English. Mind and Language, 32, 395-415.



Puzzling failures in (most) baboons

Medam, T., & Fagot, J. (2016). Behavioral assessment of combinatorial semantics in baboons (Papio
papio). Behavior Processes, 123, 54-62.
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Fig. 1. Training and testing procedure of Experiment 1.

1996). The shape and color labels were presented side by side (two
pixels separated their inner borders) with the shape label shown
on the left side. The nine objects were drawn from three differ-
ent shapes (parallelogram, triangle and arc) combined with three
different colors (orange, green and violet). To control perceptual
saliencies, these objects had identical saturation and brightness
levels. All stimuli were drawn on a black background.

2.1.4. General procedure
The general procedure of the training and test trials is illustrated

in Fig. 1. A trial started when the baboon introduced one hand
through a hand port for self-identification. This action triggered
the presentation of the trial assigned to this subject. A compound
label then appeared in the bottom central part of the screen. The
compound label conveyed a “meaning”: it was composed by one
shape and one color label which conjunction identified the target
object to be selected in the trial. As a paradigmatic example, if one
of the two unitary labels refers to the orange color and the other
refers to the triangular shape, consideration of these two  labels
indicated that the match object should be an orange triangle. When
the baboon touched this compound label, it disappeared and was
immediately replaced by two objects on the horizontal median axis
of the screen (one on the left, one on the right). One of these two
objects was the correct match stimulus, the other one was  the foil
stimulus. The left–right location of these objects on the screen was
counterbalanced. Touching the matching object cleared the screen
and delivered a food reward (a drop of dry wheat). Touching the
incorrect alternative triggered a 3 s time-out indicated by a green
screen. A maximum of 3 s was allowed for the baboon to respond.
The inter-trial interval was  set to 3 s minimum, but this interval
could be longer as it depended on the subject’s willingness to initi-
ate the next trial. The accuracy of the response (correct or incorrect)
served as the main dependent variable.

2.1.5. Training procedure
Training only used six of the nine compound labels and their

corresponding six objects. To build the six compound labels, every
single shape label was combined with only two of the three possible
colors labels, and every color label was combined with only two
of the three different shape labels. Training sessions consisted of
120 randomized trials with a balanced design. The six compound
labels appeared as often (N = 20) within a training session, and each
object appeared equally often as the match object and foil object.
The match was drawn with both the shape and color designated by
the compound label. Training trials were of three different types:
in type S (i.e., Shape) trials, the match and foil objects had different
shapes drawn with the same color. Because the color was  not a
discriminative cue, the baboons had to pay attention to the shape
for a correct identification of the match. In type C (i.e., color) trials,

the match and foil object had identical shape which color varied,
implying matching responses based on color cues. Finally, in type SC
trials, the match and the foil objects shared neither their shape nor
their color, and the baboons could base their matching response on
both cues. Training sessions were repeated in a randomized order
until the baboons performed 80% correct or higher within a session.

2.1.6. Test procedure
Each baboon received a unique 1728-trial test session compris-

ing 1560 baseline trials intermixed with 168 test trials. The baseline
trials used the same procedure as in training: They employed the six
compound labels of the training set, and the three different kinds
of trials (S, C and SC trials) of the training sessions. The test trials
made use of the three compound labels never seen during train-
ing. Three types of test trials were presented during testing. The
first two types (i.e., M−/F+ and M−/F−) were probe trials, because
they used new object as matching stimuli. The M−/F+ probe tri-
als (N = 72) employed one of the three novel objects as the match
object, and one of the six already known objects (i.e., learned dur-
ing training) as foil objects. M−/F+ trials aimed to test the baboons’
ability to properly interpret new compounds labels, when the novel
match contrasted with familiar objects already used in training.
M−/F+ probe trials included S, C and SC trials (24 trials each). The
second type of probe trials, called M−/F−,  used combinations of
novel match and novel foil objects never presented during training.
Because all new match and foil objects had to differ from each other
both in color and in shape, we were unable to present S and C ver-
sions of these trials, due to the restricted number of color and shape
labels acquired during training. The M−/F− probe trials (N = 24)
were thus only SC trials. The last type of test trials (M+/F−)  served
as control trials. It used one of the objects already presented during
training as the matching object, and one of the three novel objects
as the foil object. These trials (N = 72) aimed to ensure against a
novelty preference which could explain the results obtained in M−
probe trials. As in baseline and M−/F+ probe trials, M+/F− control
trials comprised S, C and SC trials.

2.2. Results

The baboons needed a considerable number of training trials
to reach the learning criterion (see Fig. 2) and learning required a
mean of 143 120-trial sessions on average (range 11,400–38,160
trials). A two-tailed paired samples t-test compared the perfor-
mance during the last three training sessions to the baseline
performance measured during the test session. Baseline per-
formance (M = 74.8%, SD = 0.02) did not decline significantly in
comparison to training (M = 76.2%, SD = 0.02, two-tailed paired
samples t-test, t(6) = 1.16, p = 0.29), and average baseline remained
largely above chance at the group level (one-sample two-tailed t-
test, t(6) = 31.05, p < 0.001), and for each individual as inferred from
Bonferroni corrected two-tailed binomial tests (all ps < 0.001). All
these findings indicate that the introduction of test trials within
the test session did not disrupt the baboons’ performance in reg-
ular (baseline) trials and therefore likely preserved the cognitive
strategy acquired during training.

The M+/F− trials served as control trials to ascertain that the
behavior observed in the probe (M−/F− and M−/F+) trials could not
be accounted for by a preference for the novel object. M+/F− control
trials revealed that the group performed significantly above chance
(72.2% correct, SD = 0.07, one-sample t-test, t(6) = 8. 26, p < 0.001), as
did all but one (Dream, p < 0.05) individuals (Bonferroni corrected
two-tailed binomial tests, all ps < 0.001), ruling out a preference for
the novel object which could have explained the performance in
probe trials.

The percentages of correct responses at the group and individ-
ual levels for all types of probe (i.e., M−/F− and M−/F+) trials are
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Fig. 2. Learning curves for each individual. Due to the very large number of training sessions, these data were grouped by blocks of 1200 trials, each block corresponding to
10  120-trial training sessions.

Table 1
Individual and group percentages of correct responses for all types (M−/F+ and
M−/F−  trials) of probe trials presented during the test, in which understanding
of  novel combinations of labels was required. Bold characters indicate significant
above-chance performance inferred at the individual level from Bonferroni cor-
rected two-tailed binomial tests (ps < 0.007), and at the group level from one-sample
two-tailed t tests (ps < 0.05). Italic characters indicate non-significant trends (p > 0.1).

Subject M−F+ M−F− Grand mean

C S SC Mean SC SC

ARIELLE 54.2 50.0 66.7 56.9 75.0 70.8
ATMOSPHERE 25.0 37.5 25.0 29.2 58.3 41.7
DORA 37.5 50.0 66.7 51.4 45.8 56.3
DREAM 62.5 66.7 62.5 63.9 58.3 60.4
EWINE 50.0 66.7 75.0 63.9 62.5 68.8
FANA 66.7 70.8 87.5 75.0 83.3 85.4
VIOLETTE 37.5 37.5 58.3 44.4 45.8 52.1
Mean 47.6 54.2 63.1 54.9 61.3 62.2
SD 15.0 14.0 19.3 15.0 14.0 13.2

reported in Table 1. The group performed 61.3% correct on average
in M−/F−  trials, which approached significance (p < 0.1), but indi-
vidual performance varied greatly and most baboons (Atmosphere,
Dora, Dream, Ewine and Violette) had a poor, below chance perfor-
mance in these trials. The M−/F+ probe trials provide additional
information on the baboons’ strategy. Mean performance in these
trials was at chance level on average for the group (i.e., 54.9% cor-
rect), as was the mean average performance in the SC trials (63.1%).
Noticeably, the baboons expressed their lowest performance dur-
ing the C and S trials, with an average of 47.6 % correct in C trials, and
54.2% in S trials. Such a poor performance suggests that the sharing
of a shape or color dimension between the matching object and the
foil confused the subjects and affected response accuracy.

The above results suggest that our baboons, as a group, failed
to understand novel combinations of known labels. Nonetheless,
more positive results were obtained for one subject, Fana, espe-
cially when considering SC trials. Fana performed 83.3% correct
(p < 0.005) in M−/F−  trials (see Table 1), suggesting that this sub-
ject could understand the meaning of labels presented in novel
combinations. In addition, Fana continued to perform above chance
on average in M−/F+ trials, all conditions combined (75% correct).

Therefore, for Fana, the presentation of known objects as foils did
not promote a preference for the foil object. In the M−/F+ trials,
Fana’s performance was  excellent in the SC trials, and largely above
chance (87.5%, p < 0.001). It was  however at chance level when the
match and foil objects shared one dimension in the S and C trials,
and this performance drop was  roughly of the same amplitude in
the S (66.7%) and C (70.8%) conditions, demonstrating that Fana did
not give priority to either the shape or color information in the task.
Moreover, Fana’s behavior in the probe (i.e., M−/F− and M−/F+)
trials cannot be accounted for by a preference for the novel object,
because Fana demonstrated above chance (95.8% correct, Bonfer-
roni corrected two-tailed binomial test, p < 0.001) in the SC trials of
the M+/F− condition. Fana’s performance dropped to 70% (p > 0.1)
and 50% (p > 0.1) in the S and C M+/F− trials, respectively, con-
firming our previous conclusion that the sharing of one dimension
between the match and the foil disrupted accuracy.

One limitation of the above analyses is that they were conducted
on data averaged across the test sessions, in a context in which the
novel objects and novel label combinations were repeated several
times during the test session. We  therefore analyzed Fana’s behav-
ior during the very first presentation of each object during the test
session. This analysis supported our conclusion regarding this sub-
ject. Fana correctly matched the novel label compounds with their
corresponding objects in all the first presentation trials in which the
three novel objects were presented as matching stimuli. The subject
was as well correct in the three trials in which these three novel
objects were presented for the first time as foils. Altogether, our
data provide consistent results suggesting that one baboon at least
(i.e., Fana) can correctly understand the meaning of novel combi-
nations of known labels, and correctly select the object designated
by these novel combinations of labels.

2.3. Discussion

During Experiment 1, the baboons were trained to combine pairs
of labels, comprising one shape and one color label, and to associate
these pairs to their corresponding objects on the screen. Learning
to criterion was effortful and required thousands of trials per ani-
mal. After training, we tested whether baboons could match novel

6 letters (3 for shapes, 3 for colours)
3 shapes, 3 colours



Summary on grammar learning

Artificial Grammar Learning suggests abilities to learn sequence 
constraints are present in other animals (including other primates)
• Grammars tested to date are quite simple
• Interpretation can be contentious
Language-trained animals can interpret complex expressions 
• But larger-N lab studies surprisingly scarce, and these tasks seem to 

be hard

Humans are not unique in our ability to process meaningful sequences
• But we may be uniquely proficient 



Pausing to take stock



Learning, use, and language design

• Language is passed from person to person by learning
• People learn from language as it is used in communication
• Language evolves in response to its learning and use
• Structure allows language to learnable yet communicatively powerful

Rather than us being adapted for language, language has adapted to us

Data

Grammar

Learning
Data

GrammarUse Use

Learning
Data

Grammar Use

Data
Learning



What’s required for this to happen?

Social learning, 
vocal learning

Mitteilungsbedürfnis
and mindreading



What’s required for this to happen?

Social learning, 
vocal learning

Mitteilungsbedürfnis
and mindreading
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four true belief or four false belief trials (never both in the same session), with order counterbalanced 
across participants. Sessions 5–6 (duping test) and Session 7 (in-room test) each included four false 
belief trials and no true belief trials.  

Rewards were grapes or banana slices. We did not use the box apparatus used with children 
in Study 1 because during pilot testing the chimpanzees were taking over 700 trials on average to 
learn how the chutes worked. To simplify the apparatus for chimpanzees, we used a set-up that they 
were very familiar with from previous studies: containers on a table top. Thus, the chimpanzees’ 
apparatus consisted of a sliding table mounted below a Plexiglas window looking onto the 
chimpanzees’ enclosure, a small yellow box with lid, and two larger, round, opaque plastic 
containers: one blue and one white (see Figure 4). The blue and white containers were equivalent to 
the two chute openings in the children’s apparatus and the yellow box was equivalent to the plastic 
egg. Chimpanzees could choose a container by poking their fingers through holes in the bottom of the 
window. The location of the reward was randomized with the constraint that it could not be in the 
same location for more than two consecutive trials.  

Note that the difference in materials used did not change the basic structure of the task. In 
both the children’s test and the apes’ test, there was a reward hidden inside a container and there were 
two possible places the Baiter could put that container. Participants had to understand that the Baiter 
would put the container in the correct place when she had a true belief about its contents and in the 
wrong place when she had a false belief about its contents.  
 

A)                                                                          B) 

 

C)                                                                                   D)  

 
Figure 4. False belief procedure for chimpanzees in Study 2: A) the Baiter puts a grape into the box 
and then leaves; B) the Switcher enters and sneakily switches the grape for a banana slice; C) the 
Baiter returns and, because she believes it still has a grape inside, hides the box in the ‘grapes’ 
container; and D) the chimpanzee incorrectly chooses the ‘banana’ container.  
 
Procedure 
 

Chimpanzees were tested in a familiar enclosure by two female experimenters, the ‘Baiter’ 
and the ‘Switcher.’ To engage the chimpanzees’ attention and keep them motivated, the 



The idea

• Humans ended up with an unusual combination of traits: 
ubiquitous social learning (including of vocal signalling) and 
deep mental interpenetration

• This set in place a cultural evolutionary process that shaped 
how language works 



The Evolution of Social Cognition



Social cognition and language

Humans are unusual 
• in our drive to share our mental states
• in our aptitude for reasoning about mental states in others



Mitteilungsbedürfnis: A need 
to share thoughts or feelings



Ostensive-inferential communication

The ability to express and recognize intentions
• Informative intentions: I want you to know X
• Communicative intentions: I want you to know that [I want you to know X]

Speaker’s utterances (or other communicative behaviours)
• provide evidence about their thoughts
• are designed to allow the hearer to infer those thoughts

Hearers infer meaning based on these clues and context, with inferences 
guided by the knowledge that the speaker wants the hearer to be able to 
infer their informative intention



I am at a dinner party, and my negligent host has failed to 
refill my wine glass for several minutes. When nobody is looking I 
carefully and slowly slide my glass into a position where he will 
be more likely to see it, so that he will realise I am out of booze. 
How can we describe the intentions here?

A: This is ostension: I have an informative intention ("I want you 
to know that my wine glass is empty") and a communicative 
intention ("I want you to know that I want you to know 
something").

B: I have an informative intention ("I want you to know that my 
wine glass is empty"), but no communicative intention.

C: I have a communicative intention ("I want you to know that I 
want you to know something") but no informative intention.

D: I have neither informative nor communicative intentions.



Using language involves inferring mental states of 
others

The Cooperative Principle and Gricean Maxims
• Quality: Be truthful
• Quantity: Be as informative as required
• Relation: Be relevant
• Manner: Be clear

A: Where’s Bill?
B: His dog died



The usual question: how did this evolve?

Is it a human-unique trait?
Or can we see similar (perhaps less sophisticated) abilities in our 
closest living relatives, giving some insight into its evolutionary 
history?



Knowing others’ minds: 
knowing what others know
• 6 juvenile chimps (approx. 4 y. o.)
• Two experimenters
• “Guesser” leaves room
• “Knower” hides food under cup
– Chimp can’t see which one

• Both humans point to a cup
• Chimp indicates which cup he wants to 

look under
Kids can do this age 4, chimps at chance

Povinelli, D. J., Rulf, A. B., & Bierschwale, D. T. (1994). Absence of knowledge 
attribution and self-recognition in young chimpanzees (Pan troglodytes).  

Journal of Comparative Psychology, 108, 74–80.



Knowing others’ minds: knowing what others know

the two pieces of food but not the other. To rule out the
modified evil eye hypothesis, there were control conditions
in which the subject chose first, in which case it should not
matter what the competitor had and had not seen. We then
used this basic methodology in Study 2 to create a false be-
lief task closely matched to the knowledge–ignorance task
in terms of task demands and so forth – and, importantly,
still in a competitive paradigm with conspecifics, which
has so far not been done. In this study, the subject saw
the experimenter mislead the competitor by seeming to
place the food in one bucket but actually placing it in an-
other – the question being whether the subject could use
this information to predict the competitor’s choice. In both
of these studies we also tested human children, so that we
could compare children’s and chimpanzees’ understanding
of both knowledge–ignorance and false belief all in a single
experimental paradigm involving competition with a
conspecific.

2. Study 1: knowledge–ignorance

The basic idea of this study is that subjects take turns
choosing buckets and receiving their contents in the appa-
ratus pictured in Fig. 1. It is a test of knowledge–ignorance
because the subject has to choose before or after her
knowledgeable or ignorant competitor has already chosen.
The subject’s choice could thus potentially be based on the
fact that she has previously witnessed her competitor see-
ing one of the pieces of reward, but not the other, being
hidden. The new evil eye hypothesis predicts that the sub-
ject should avoid the piece of reward her competitor direc-
ted his behavior to (put her evil eye on in that specific
location) irrespective of whether she chooses first or sec-
ond, as he behaved towards it the same in both cases. In
contrast, a more mentalistic hypothesis would predict that
only when the subject chooses second should she avoid the
piece of reward that the competitor saw being hidden;
when she chooses first it should not matter what the com-
petitor saw (unless she is considering her second turn after
that – which we explain later).

2.1. Methods

2.1.1. Participants
Ten chimpanzees (Pan troglodytes) participated in this

experiment, eight females and two males ranging in age
from 4 to 29 years. Six apes were nursery reared whereas
four were mother reared. All subjects were housed at the
Wolfgang Köhler Primate Research Center in the Leipzig
Zoo (Germany), where they lived with conspecifics in a so-
cial group and had access to both indoor and outdoor areas.
Subjects were tested in their indoor cages, were fed
according to their normal daily routine, and were not food
or water deprived at any time. Subjects had previously par-
ticipated or were currently participating in other studies,
so they were comfortable participating in tests.

Twelve 6-year-old children also participated in this
experiment, six boys and six girls ranging in age from
5;11 to 6;02 (year; months). Children were recruited from
kindergartens in a middle-sized German city. Children
were not informed of the purpose of the study and were
encouraged to compete against an informed adult to obtain
access to toys. Twelve human adults also participated in
the experiment, four females and eight males ranging in
age from 21 to 41 years. Prior to the study the adults were
not informed of the purpose of the study, but were told
that they should compete to get as many tokens as possi-
ble. After the study was completed the participants got full
information of the purpose of the study.

2.1.2. Apparatus
For the chimpanzees, a table (80 cm ! 93 cm) with

three cups (10 ! 12 cm) attached to a sliding board (91
cm ! 31 cm) was placed on a platform which was located
just outside their enclosure (see Fig. 1). The platform was
placed between two Plexiglas panels in a testing booth
(81 cm ! 110 cm). At the bottom of each panel were three
holes (each 3.6 cm in diameter) arranged in a straight line.
The holes were 29 cm apart, as measured from the center
of one hole to the centre of the next. The food reward for
the chimpanzees were grapes, pieces of banana, or food-
pellets depending on the individual’s preference.

For the 6-year-olds, a platform (56 cm ! 46 cm) with a
sliding board attached (46 cm ! 19 cm) was placed on a ta-
ble. There were three chairs on three separate sides of the
table for the two competing individuals and the experi-
menter to sit on. Three cups (8 cm ! 9 cm) were placed
on the table to hide the toys. For the children the rewards
were toys. The toys consisted of regular children’s toys
small enough to fit into the cups.

For the adults, a platform (80 cm ! 93 cm) with a slid-
ing board attached (91 cm ! 31 cm) was placed on a table.
There were three chairs on three separate sides of the table
for the two competing individuals and the experimenter to
sit on. Three cups (9 cm ! 11 cm) were placed on the table
to hide the tokens. The tokens consisted of yellow card-
board pieces.

2.1.3. General procedure
The general procedure was similar for all three groups.

To give each subject some experience with the general set

Fig. 1. Experimental set up. Two subjects sat on opposite side of the table.
The task was a back-and-forth task in which a subject and a competitor
took turns choosing from a row of three opaque buckets, some of which
contained a reward.
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condition coded 20% of the trials for reliability purposes,
also from videotapes. Interobserver reliability was excel-
lent (Cohens Kappa = 0.92, n = 442). For the Human sub-
jects a choice was considered made when the subject
clearly pointed to one of the cups. A second coder blind
to experimental condition coded 20% of the trials for reli-
ability purposes from videotapes. Interobserver reliability
was again excellent (Children: Cohens Kappa 0.97, n =
156, Adults: Cohens Kappa = 0.98, n = 502).

2.2. Results

Fig. 2 presents the percentage of trials in which subjects
selected the reward that was known only to them (hidden)
as a function of the order in which they chose (Table 1 pre-
sents the raw individual data). Chimpanzees selected the
hidden food significantly more often when they chose sec-
ond than when they chose first (paired sample t-test:
t9 = 3.43, p = 0.007, Cohen’s d = 0.701). Moreover, they se-
lected the hidden food above chance levels when they
chose second (one sample t-test: t9 = 2.35, p = 0.043), and
8 of the 10 chimpanzees did so on the very first trial. In
contrast, they did not select the hidden food at above
chance levels when they chose first (one sample t-test:
t9 = 0.02, p = 0.98). Subjects did not change in the nature
of their choices in the first versus the last half of the trials,
either when they chose second (paired sample t-test:
t9 = 0.110, p = 0.91, Cohen’s d = 0.054) or when they chose
first (paired sample t-test: t9 = 0.669, p = 0.52, Cohen’s
d = 0.309).

A similar analysis of the competitors’ behavior in the
two experimental conditions showed that they used the
predicted search strategy of getting the food that was
known to both partners. Overall, competitors significantly
selected the known food over the hidden food irrespective
of whether they chose first (one sample t-test: t7 = 6.39,
p < 0.0001) or second (one sample t-test: t7 = 4.64,
p = 0.002). Moreover, they selected the hidden piece
equally often when they chose first than second (paired
t-test: t7 = 1.85, p = 0.108, Cohen’s d = 0.671).

The children selected the hidden toy significantly more
often when they chose second than when they chose first
(paired sample t-test: t11 = 3.74, p = 0.003, Cohen’s
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Fig. 2. The mean percentage of experimental trials [±SD] in which subjects from each group chose the unknown piece across condition in Study 1.
! represents significant difference (p < 0.05).

Table 1
Number of trials subjects aimed for the known, the unknown, and the
empty piece of reward in both conditions of Study 1

Subject first Competitor first

Known Unknown Empty Known Unknown Empty

Chimpanzees 8 3 1 8 4 0
7 5 0 4 7 1
5 6 1 5 7 0
5 7 0 3 7 2
7 5 0 3 4 5
6 6 0 4 5 3
7 5 0 6 5 1
6 5 1 4 7 1
2 8 2 3 8 1
5 7 0 3 8 1

Children 6 6 0 0 11 1
5 6 1 5 5 2
7 4 1 4 5 3
4 8 0 2 8 2
3 7 2 1 10 1
5 7 0 3 9 0
10 1 1 1 11 0
11 1 0 1 11 0
6 6 0 6 5 2
12 0 0 2 9 1
9 3 0 3 8 0
5 6 1 3 8 1

Adults 8 4 0 1 11 0
7 5 0 1 11 0
6 6 0 1 10 0
9 3 0 2 10 0
5 7 0 2 10 0
11 1 0 0 12 0
6 6 0 6 6 0
9 3 0 2 10 0
9 3 0 5 7 0
9 3 0 0 12 0
4 8 0 0 11 1
8 4 0 3 9 0
8 4 0 1 11 0
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Knowing others’ minds: false belief
Standard setup:
• Hider puts reward in box
• Communicator puts marker on box 

containing reward
• Subject chooses box 
False belief version:
• Communicator leaves room
• Hider switches reward
• Communicator returns, places marker 

Kids can do this from age 5
2 orangutans, 5 chimps
False belief task: 11%
5/7 get it right 0/4 

Call, J., & Tomasello, M. (1999). A nonverbal false belief 
task: The performance of children and great apes. Child 
Development, 70, 381–395.
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the two pieces of food but not the other. To rule out the
modified evil eye hypothesis, there were control conditions
in which the subject chose first, in which case it should not
matter what the competitor had and had not seen. We then
used this basic methodology in Study 2 to create a false be-
lief task closely matched to the knowledge–ignorance task
in terms of task demands and so forth – and, importantly,
still in a competitive paradigm with conspecifics, which
has so far not been done. In this study, the subject saw
the experimenter mislead the competitor by seeming to
place the food in one bucket but actually placing it in an-
other – the question being whether the subject could use
this information to predict the competitor’s choice. In both
of these studies we also tested human children, so that we
could compare children’s and chimpanzees’ understanding
of both knowledge–ignorance and false belief all in a single
experimental paradigm involving competition with a
conspecific.

2. Study 1: knowledge–ignorance

The basic idea of this study is that subjects take turns
choosing buckets and receiving their contents in the appa-
ratus pictured in Fig. 1. It is a test of knowledge–ignorance
because the subject has to choose before or after her
knowledgeable or ignorant competitor has already chosen.
The subject’s choice could thus potentially be based on the
fact that she has previously witnessed her competitor see-
ing one of the pieces of reward, but not the other, being
hidden. The new evil eye hypothesis predicts that the sub-
ject should avoid the piece of reward her competitor direc-
ted his behavior to (put her evil eye on in that specific
location) irrespective of whether she chooses first or sec-
ond, as he behaved towards it the same in both cases. In
contrast, a more mentalistic hypothesis would predict that
only when the subject chooses second should she avoid the
piece of reward that the competitor saw being hidden;
when she chooses first it should not matter what the com-
petitor saw (unless she is considering her second turn after
that – which we explain later).

2.1. Methods

2.1.1. Participants
Ten chimpanzees (Pan troglodytes) participated in this

experiment, eight females and two males ranging in age
from 4 to 29 years. Six apes were nursery reared whereas
four were mother reared. All subjects were housed at the
Wolfgang Köhler Primate Research Center in the Leipzig
Zoo (Germany), where they lived with conspecifics in a so-
cial group and had access to both indoor and outdoor areas.
Subjects were tested in their indoor cages, were fed
according to their normal daily routine, and were not food
or water deprived at any time. Subjects had previously par-
ticipated or were currently participating in other studies,
so they were comfortable participating in tests.

Twelve 6-year-old children also participated in this
experiment, six boys and six girls ranging in age from
5;11 to 6;02 (year; months). Children were recruited from
kindergartens in a middle-sized German city. Children
were not informed of the purpose of the study and were
encouraged to compete against an informed adult to obtain
access to toys. Twelve human adults also participated in
the experiment, four females and eight males ranging in
age from 21 to 41 years. Prior to the study the adults were
not informed of the purpose of the study, but were told
that they should compete to get as many tokens as possi-
ble. After the study was completed the participants got full
information of the purpose of the study.

2.1.2. Apparatus
For the chimpanzees, a table (80 cm ! 93 cm) with

three cups (10 ! 12 cm) attached to a sliding board (91
cm ! 31 cm) was placed on a platform which was located
just outside their enclosure (see Fig. 1). The platform was
placed between two Plexiglas panels in a testing booth
(81 cm ! 110 cm). At the bottom of each panel were three
holes (each 3.6 cm in diameter) arranged in a straight line.
The holes were 29 cm apart, as measured from the center
of one hole to the centre of the next. The food reward for
the chimpanzees were grapes, pieces of banana, or food-
pellets depending on the individual’s preference.

For the 6-year-olds, a platform (56 cm ! 46 cm) with a
sliding board attached (46 cm ! 19 cm) was placed on a ta-
ble. There were three chairs on three separate sides of the
table for the two competing individuals and the experi-
menter to sit on. Three cups (8 cm ! 9 cm) were placed
on the table to hide the toys. For the children the rewards
were toys. The toys consisted of regular children’s toys
small enough to fit into the cups.

For the adults, a platform (80 cm ! 93 cm) with a slid-
ing board attached (91 cm ! 31 cm) was placed on a table.
There were three chairs on three separate sides of the table
for the two competing individuals and the experimenter to
sit on. Three cups (9 cm ! 11 cm) were placed on the table
to hide the tokens. The tokens consisted of yellow card-
board pieces.

2.1.3. General procedure
The general procedure was similar for all three groups.

To give each subject some experience with the general set

Fig. 1. Experimental set up. Two subjects sat on opposite side of the table.
The task was a back-and-forth task in which a subject and a competitor
took turns choosing from a row of three opaque buckets, some of which
contained a reward.
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3.1.3.2. Known shift. After the initial baiting the experi-
menter lifted the reward and placed it to a new location
with both individuals having visual access to this
manipulation.

3.1.3.3. Unknown lift. After the initial baiting the experi-
menter lifted the reward and placed it back in the initial
location with only the subject having visual access to this
manipulation.

3.1.3.4. Unknown shift. After the initial baiting the experi-
menter lifted the reward and placed it in a new location
with only the subject having visual access to this
manipulation.

Whenever necessary, an opaque occluder was held up
to block the view of the competitor. After the baiting was
completed the table was always first slid to the competi-
tor’s side and the competitor was the first to choose. The
subject never witnessed the competitor’s choice. After
the competitor made her choice, the table was slid to the
subject’s side and it was the subject’s turn to choose. Each
subject received six trials per condition with conditions
presented in a randomized order, summing up to 24 exper-
imental trials. Additionally, each subject received six moti-
vation trials. Trials were presented in two sessions with 15
trials each. Motivation trials were interspersed with exper-
imental trials and had the same general structure as exper-
imental ‘‘Shift” trials but here baiting and choice of each of
the competing individuals were visible throughout the
trial. These trials were conducted to assure that the sub-
jects followed the general course of events and understood
the idea of the less valuable reward as an alternative if no
high quality reward was left.

3.1.4. Scoring and reliability
All trials were videotaped. The videotapes were later

coded by the first author. We scored the number of trials
in which subjects selected each of the three following op-
tions: (1) the cup where it had last seen the high-quality
reward after the second manipulation (high quality cup),
(2) the alternative cup (low-quality cup), and (3) one of

the cups in which the reward had never been located
(empty cup).

Choices were coded as in Study 1 and again a second co-
der who was blind to experimental condition coded 20% of
the trials for reliability. Interobserver reliability was excel-
lent (chimpanzees: Cohens Kappa = 1.0, n = 59; 3 year old
children: Cohens Kappa = 0.93, n = 120; 6 year old chil-
dren: Cohens Kappa = 0.87, n = 120).

3.2. Results

Recall that in this study subjects always chose second.
The analysis was thus a 2 ! 2 ANOVA on the percent of
choices of the high-quality reward with the factors:
Manipulation (shift or lift reward) and Witnessing (com-
petitor did or did not know about the manipulation). As
can be seen in Fig. 3, chimpanzees chose the high-quality
cup (where they last saw the reward) more often when
their competitor had not witnessed the final baiting than
when he had, main effect (F1,7 = 14.99, p = 0.006, Partial
g2 = 0.68), thus replicated the findings on knowledge–
ignorance from Study 1. There were no other significant
effects, and in particular chimpanzees did not care whether
the reward was shifted in position or not (and this did not
interact with Witnessing). In the motivation trials in which
the chimpanzees could see the other individual choosing
the high-quality reward before their own choice, they
clearly chose the alternative low-quality cup at above
chance levels (one sample t-test: t7 = 4.16, p = 0.004) show-
ing that they followed the general course of events and
accepted the low-quality reward as an alternative.

We conducted a second repeated measures ANOVA ana-
lyzing the overall choice pattern of the chimpanzees. As
chance probabilities for choosing the empty cup (the cup
in which the reward had never been) was different in the
shift (chance probability of choosing an empty cup is
33.33%) than in the lift conditions (chance probability of
choosing an empty cup is 66.67%), we ran this analysis
after correcting the data by subtracting the value expected
by chance from the observed value divided by the value ex-
pected from chance. This analysis showed that the chim-
panzees overall preferred some choices over the other as
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Fig. 3. The mean percentage of trials [±SD] in which subjects from each group chose the high-quality cup (where they had last seen the reward) in the
different conditions of Study 2. " represents significant difference (p < 0.05).
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or the distractor (the other location) as the actor
ambiguously approached the two locations—from
the start to the end of the actor’s walk toward the
haystacks [central approach; experiment one (Fig.
1, K and P)] and reach toward the boxes [central
reach; experiment two (Fig. 2,N andT)] (both4.5 s).
Software scored looks automatically on the basis
of areas of interest (15) (Figs. 1Q and 2U). The
actor’s gaze and gait during the central approach
and central reach provided no directional cues
(figs. S1 and S2) (15), and the videos ended with-
out the actor hitting or grabbing the target. We
used two different scenarios to gauge the robust-
ness of apes’ responses under different conditions.
Table 1 summarizes the results for each ex-

periment. In experiment one, we tested 40 apes
[19 chimpanzees, 14 bonobos, and 7 orangutans
(table S1) (15)]. Thirty subjects looked to either
the target or the distractor during the central-
approach period. Of these 30, 20 looked first at
the target (P = 0.098, two-tailed binomial test).
There was no difference between the FB1 and
FB2 conditions (P = 0.70, Fisher’s exact test). In
experiment two, we tested 30 subjects (29 from
experiment one, plus one additional bonobo).
Twenty-two apes made explicit looks to the tar-
get or the distractor during this period. Of these
22, 17 looked first at the target (P = 0.016, two-
tailed binomial test), and there was no difference
between the FB1 and FB2 conditions (P = 1.0,
Fisher’s exact test).
We then conducted a combined analysis with

the 29 apes that participated in both experiments.
We compared the number of first looks (maxi-
mum of two looks; i.e., one per experiment) each

subject made to the target versus to the distractor
during the central-approach and central-reach
periods (Fig. 3). Apesmade significantlymore first
looks to the target than to the distractor, both
overall (Wilcoxon signed rank test:Z=3.25,N=29,
P = 0.001, r = 0.42) and in each condition (FB1:
Z = 1.98,N = 15, P = 0.046, r = 0.36; FB2: Z = 2.15,
N = 14, P = 0.031, r = 0.40) (Fig. 3A). No significant
difference was detected across species. To test this,
we first calculated difference scores for each ape
(number of first looks to targetminus to distractor)
and then subjected these scores to the Kruskal-
Wallis H test [c2(2) = 0.46, P = 0.79] (Fig. 3B).
Our findings show that apes accurately antici-

pated the goal-directed behavior of an agent who
held a false belief. Our design and results con-
trolled for several explanations. First, apes could
not solve the task by simply expecting the actor
to search in the first or last location where the
object was hidden, the last location the actor at-
tended, or the last location KK acted on. Second,
apes could not merely respond to violations of
three-way associations between the actor, the
target object, and the object’s location, formed
during familiarization or belief-induction phases
(16). Instead, the apes actively predicted the
actor’s behavior. Heyes (17) argued that a low-
level account could explain Southgate et al.’s (10)
results if subjects overlooked the object’s move-
ment while the agent was not attending and
imagined the object in its previous location. We
confirmed that apes closely tracked all such
movements (figs. S3 and S4) (15). Third, our
results cannot be explained as attribution of ig-
norance rather than false belief. Apes did not
simply expect the actor’s ignorance to lead to
error or uncertainty (18); they specifically antici-
pated that the actor would search for the object
where he falsely believed it to be.
Apes were never shown the actor’s search be-

havior when he held a false belief, precluding
reliance on external behavioral cues learned dur-
ing the task. By requiring subjects to make
predictions in situations that involved a constel-
lation of novel features (e.g., a human attacking
an apelike character hiding in a haystack), we
alsominimized the possibility that subjects could
apply behavior rules acquired through extensive
learning during past experiences. Nevertheless,

we acknowledge that all change-of-location false-
belief tasks are, in principle, open to an abstract
behavior rule–based explanation—namely, that
apes could solve the task by relying on a rule that
agents search for things where they last saw
them (16). However, this explanatory framework
cannot easily accommodate the diversity of exist-
ing evidence for ape TOM (3) nor can it account
for recent evidence that human infants and apes
appear to infer whether others can see through
objects that look opaque, based on their own
experience with the occlusive properties (i.e., see-
through or opaque) of those objects (19, 20).
Thus, our results, in concert with existing data,

suggest that apes solved the task by ascribing a
false belief to the actor, challenging the view that
the ability to attribute reality-incongruent men-
tal states is specific to humans. Given that apes
have not yet succeeded on tasks that measure
false-belief understanding based on explicit be-
havioral choices (4–6), the present evidence may
constitute an implicit understanding of belief (9).
Differential performancebetween tasksmay reflect
differences in task demands or context, or less
flexible abilities in apes compared with humans.
At minimum, apes can anticipate that an actor
will pursue a goal object where he last saw it,
even though the apes themselves know that it
is no longer there. That great apes operate, at least
on an implicit level, with an understanding of
false beliefs suggests that this essential TOM
skill is likely at least as old as humans’ last
common ancestor with the other apes.
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Fig. 3. Apes’ performance across the two ex-
periments. (A) Mean number of first looks to the
target and the distractor for the 29 subjects who
participated in both experiments. Asterisks indi-
cate P < 0.05, Wilcoxon signed rank test. (B) In-
dividual scores in each experiment.

Table 1. Number of participants who made first looks to either the target or the distractor during
the agent’s approach in experiments one (N = 40) and two (N = 30).Values in parentheses indicate
the number of participants who did not look at either.

Condition Target Distractor Total

Experiment one
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

FB1 10 4 14 (6)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

FB2 10 6 16 (4)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Total 20 10 30 (10)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Experiment two
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

FB1 8 2 10 (6)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

FB2 9 3 12 (2)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Total 17 5 22 (8)
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .
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Mind reading in language learning

“Doggy” = ?

Look at the doggy!



Exploiting attentional focus

Word learning, 16-19 month olds
• Kid, experimenter, bucket, two 

novel objects
• Kid sees both toys, plays with one, 

other one goes back in the bucket
• Follow-in labelling: experimenter 

looks at toy kid is looking at and 
labels it (“it’s a toma!”)

• Discrepant labelling: experimenter 
looks at toy in bucket and labels it 
(“it’s a toma!”)

Baldwin, D. A. (1991). Infants’ contribution to the achievement 
of joint reference. Child Development, 62, 875–890.
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Expectations about how people use words

Do children assume that people use 
words in an informative way?

Nevertheless, figuring out what an individual word means can be a surprisingly difficult puzzle. In
Quine’s (1960) classic example, he considers an anthropologist who observes a white rabbit running
by. One of his subjects points and says ‘‘gavagai.’’ Even assuming that the anthropologist interprets the
pointing gesture as a signal of reference (Tomasello, 2008; Wittgenstein, 1953), he must still infer
which property of the rabbit the word refers to. Some properties may be logically impossible to distin-
guish from one another—think ‘‘rabbit’’ and ‘‘undetached mass of rabbit parts.’’ But beyond these
philosophical edge cases, even useful properties can be strikingly difficult to distinguish: how can
he decide between ‘‘rabbit,’’ ‘‘animal,’’ ‘‘white,’’ ‘‘running,’’ or even ‘‘dinner’’? We can think of this as
an easy—but perhaps more common—version of the Quinian puzzle: For any known referent (the rab-
bit), there are many conceptually natural referring expressions that include the referent in their exten-
sion (Gleitman & Gleitman, 1992).1 Our argument here is that many of these can be ruled out on
pragmatic grounds, by considering the communicative context and the goals of the speaker.

Language learners have many tools at their disposal to help them limit the possibilities, including
patterns of consistent co-occurrence (Yu & Smith, 2007), the contrasting meanings of other words they
have learned (Clark, 1988; Markman & Wachtel, 1988), and the syntactic structure in which the word
appears (Gleitman, 1990). In the current work, however, we consider cases where these strategies are
ineffective, yet learners can nevertheless infer word meanings by considering the speaker’s commu-
nicative goal.2 These are cases where the pragmatics of the situation—roughly speaking, the fact that
a particular communicator is trying to achieve a particular goal in this context, and that he or she is fol-
lowing a rational strategy to do so—help in inferring word meaning. In our Quinian example, the intui-
tion we are pursuing is that the anthropologist may consider information necessary in the context in
assigning a tentative meaning to ‘‘gavagai.’’ If the white rabbit is tailed by a brown one, perhaps ‘‘gava-
gai’’ means WHITE, while in the absence of such a context, a basic level object label might be more
appropriate.

Fig. 1. An example stimulus item for our experiments. The arrow represents a point or some gesture that signals that the
dinosaur on the right is being talked about, but does not give away which aspect of it is being referred to. In our experiments,
the goal of the learner is to infer whether a novel word (e.g. ‘‘dax’’) means BANDANNA or HEADBAND.

1 This easy puzzle is of course distinct from the harder version, the ‘‘true’’ Quinian puzzle: that there are infinitely many
conceptually possible referring expressions that include the referent in their extension, and some of these are extensionally
identical.

2 We use the term ‘‘inference’’ to distinguish between the process of figuring out what a word means and the later retention of
that meaning. Retention is a necessary component of learning (and there may be cases, for example ostensive naming, where
retention is the only component of learning). Nevertheless, we are interested here in the process of inference in ambiguous
situations. We also note that the use of the term ‘‘inference’’ does not connote to us that the psychological computation is
necessarily symbolic or logical. Statistical inferences of the type described below can be instantiated in probabilistic logics, neural
networks, or just about any other formalism (MacKay, 2003).
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“This is a dinosaur with a dax” (Exp 2)
“Here is a dinosaur with a dax” (Exp 3)

Materials for the inference trials were identical to those used in Experiment 1; filler trials used
monkeys, dogs, cell phones, and cats as the objects. Novel words were ‘‘tupe,’’ ‘‘sep,’’ ‘‘zef,’’ ‘‘gabo,’’
‘‘dax,’’ ‘‘fid,’’ ‘‘keet,’’ and ‘‘toma.’’ We counterbalanced trial order, target position in both training
and test trials (crossed), and which feature was the target. Features were chosen to be equally salient
based on pilot studies using the same paradigm.

4.2. Results and discussion

If children were able to make use of the relative informativeness of the two possible word mean-
ings, they should choose the more informative word meaning significantly more often than chance.
Congruent with this hypothesis, we found that in inference trials, children chose the unique feature
(the one that would have been more informative to name in this context) the majority of time
(3–4 year olds: M = 81%, SD = 39% and 4–5 year olds: M = 88%, SD = 33%) and nearly as often as they
chose the correct feature in filler trials (3–4 year olds: M = 83%, SD = 38% and 4–5 year olds:
M = 94%, SD = 24%). Results are shown in Fig. 3, left. These data suggest that children in our task were
sensitive to the contextual distribution of features, even though the literal meaning of the utterance
did not strictly rule out the non-unique feature.

To quantify the reliability of this pattern, we fit a logistic mixed effects model (Gelman & Hill, 2006;
Jaeger, 2008) to children’s responses, with age group and condition as fixed effects, and with random
effects of condition fit for each participant and each target item (a ‘‘maximal’’ random effect structure
Barr, Levy, Scheepers, & Tily, 2013). The resulting coefficient estimates suggested that three-year-olds
(the reference level) were above chance in their responding on inference trials (b ¼ 1:74; z ¼ 3:70;
p ¼ :0002). There was also a significant coefficient indicating higher performance on filler trials
(b ¼ 4:66; z ¼ 1:92; p ¼ :02). In this study there was no significant effect of age group (b ¼ :47;
z ¼ :67; p ¼ :51). A model with an interaction term did not provide a better fit (v2ð1Þ ¼ :16; p ¼ :69),
though under this model the coefficient estimate for filler trials was slightly lower and only trended
towards significance (b ¼ 3:91; p ¼ :09); the reliability of other results did not change.

Evidence from this study suggests that children successfully mapped words to features that would
have been more likely to be named by an informative speaker. The mean proportion of informative-
ness-congruent judgements by children in both groups was actually higher than the strict probability
assigned by our model (67%) and higher than that assigned by adults in the betting task in Experiment
1. There are several reasons to be cautious about this kind of quantitative interpretation, however. The
context of Experiment 2 was far less stripped down than that of Experiment 1, and the linguistic frame
for the novel label encouraged a contrastive reading (something we investigate in Experiment 3). In
addition, the two-alternative forced choice measure might have led children to maximize, more con-
sistently choosing the highest-probability of the two alternatives (Hudson-Kam & Newport, 2005).
Thus, although the evidence strongly points in favor of informativeness, we do not believe a quanti-
tative interpretation is warranted.

Experiment 2 Experiment 3
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Fig. 3. Data from Experiments 2 and 3. Mean proportion correct is plotted by age group for both filler and inference trials. The
dashed line shows chance performance. Error bars show 95% confidence intervals, computed via a non-parametric bootstrap
over participant means.
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Other apes just don’t seem to 
understand how communication works



So why do we?

What selective pressures drive the evolution of mind reading 
and Mitteilungsbedürfnis (mind sharing)? 

• We occupy a uniquely 
social niche?

• We occupy a uniquely 
technological niche?

• …

From 2.5 million years ago, early hominins were skilled stone
knappers, capable of producing more than 70 sharp flakes
from a single cobble core by striking it with a hammerstone

(termed the Oldowan technocomplex1–3; Fig. 1a, Supplementary
Note 1 and Supplementary Figure 4). Existing remains show
systematic flake detachment, maintenance of flaking angles and
repair of damaged cores4. This complexity, along with present-
day tool-making experiments5, implies that Oldowan technology
was learned and required considerable practice1,6. Furthermore,
the technology’s continual existence and wide geographic spread,
along with hints of regional traditions3,7, indicate that it was
socially transmitted, although the underlying psychological
mechanisms remain poorly understood8.

Whether Oldowan stone tool making has implications for the
evolution of human language and teaching (defined as active
information donation9) is debated10,11. Positions range from the
view that Oldowan tool making indicates a major development
in hominin cognition8, such as teaching or language12, to the
hypothesis that chimpanzee-like emulation or imitation
(reproducing the object manipulations or motor patterns of
others, respectively) is sufficient to transmit knapping
technology13. Accordingly, accounts of the evolution of
language range from a gradual emergence beginning 2 mya
(refs 14,15) to a relatively sudden appearance 50–100 kya
(ref. 16). However, a difficulty with positing complex
Oldowan communication is the apparent stasis in Oldowan
technology for more than 700,000 years until Acheulean tools
appear B1.7 mya (refs 17,18). The absence of clear cultural
change during this window seems inconsistent with the presence
of language, and remains an outstanding mystery more
generally19.

Across disciplines, researchers are increasingly turning to
gene-culture co-evolutionary accounts to explain the evolution
of human cognitive abilities, including teaching and

language10,13,20–31. Central to such hypotheses is the idea that
cultural traits can both shape and be shaped by genetic evolution,
and a number of examples of gene-culture co-evolution are
now known from human evolution26–30. Hominin stone tool
manufacture is a particularly interesting candidate case as the
appearance of such technology 2.5 mya—at the dawn of Homo—
and its continued deployment for millions of years, means it
could have played a protracted role in human evolution.
Furthermore, due to the challenging ecological niche that early
hominins occupied20,32 and the difficulty of acquiring tool-
making skills6, fitness benefits were likely associated with the
ability to make and deploy effective cutting tools32 as well as the
ability to rapidly transmit the skills33, and so a co-evolutionary
relationship between tool making and cognition, specifically
teaching and language, would seem plausible. Accordingly,
Oldowan stone tool production could have generated selection
for more complex forms of social transmission that enhanced the
fidelity of information transmission. This could have resulted in a
form of social transmission sufficient to transmit Acheulean
technology reliably, and which would then generate selection for
further increases in the complexity of social transmission, and so
on. If this hypothesis is correct, changes in hominin cognition,
including those underlying the appearance of Acheulean
technology, could have depended upon selection generated by a
reliance on Oldowan technology. In support of this hypothesis,
archaeological remains show that changes to hominin
morphology, including increased overall brain size, follow the
advent of Oldowan tool making3. Other recent work has linked
the cultural evolution of technologies to the capacity for high-
fidelity social transmission9,33–35. However, hitherto such studies
have either been theoretical or limited to somewhat artificial and
abstract tasks. Accordingly, whether hominin lithic technology
and social transmission genuinely represents a case of gene-
culture co-evolution is currently unclear.

Hammer stone

Core Platform
edge

Flake

Reverse engineering Imitation/emulation

Verbal teachingGestural teachingBasic teaching

Trained experimenter

Trained experimenter

“!”

Platform
angle

θ

Figure 1 | Experimental design and structure. (a) A diagram of the stone knapping process. The hammerstone strikes the core with the goal of producing
a flake. The platform edge and angle are important to the success of knapping. (b–f) The five learning conditions. (g) The structure of the experiment.
For each condition, six chains were carried out (four short and two long); one of two trained experimenters started each chain (equally within each
condition).
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The human package

Somehow, we ended up with
• The ability to learn complex grammars
– capacity for complex vocal imitation
– ability to learn complex sequencing constraints
– ability to learn compositional meaning-form mappings

• The ability and motivation to mindread and mindshare

This sets up the preconditions for the cultural transmission of learned, 
meaning-bearing communication
• Once that’s in place, exciting stuff happens



Optional extra: recursive mindreading



Recursive mindreading

Ostensive-inferential communication might inherently require 
recursive representations of mental states
• I want you to know that [I want you to know X]
What are the limits of the human capacity to represent and 
reason about mental states in others?



Sperber vs Moore

Sperber
You intend that 

I believe that 
you intend that

I know that my breath smells

Moore
You intend that

I know that my breath smells
+ 
You intend that

I know that you are telling me something











Recursive meta-representation: an experiment

Watch a short video, answer some questions

tests revealed nodifference between the twomodes of question presen-
tation for explicitly-presented stories (β=0.089, SE=0.603, p= .883),
but for implicitly-presented stories performance was significantly
worse if the questions were presented explicitly (β = 0.767, SE =
0.364, p= .035). In otherwords, an implicit story followed by an explic-
it questionwas themost difficult combination of story presentation and
question presentations. All other main effects and interactionswere not
significant (p N .204).

Finally, additional views of the story videos lead to a significant
improvement in success (significant effect of number of additional
story views: β = 0.457, SE = 0.138, p b .001). While the inclusion of
number of additional story views as a factor does improve model fit
significantly (χ2(1) = 11.312, p b .001), a model lacking number of
additional story views as a factor produced qualitatively similar results
to those outlined above.

In summary, participantswere able to successfully process recursive
mental concepts even at high levels of recursion, and this was no more
difficult than other, non-mental recursive concepts.

5.2. Judgements of confidence

For the confidence data the fittedmodel did significantly better than
the null model (χ2(15) = 275.87, p b .001), and had a dispersion pa-
rameter of 1.356 suggesting overdispersion within the acceptable
range. Further analysis of confidence ratings revealed several effects of
our manipulations. There was a small but significant effect of level
(β = 0.106, SE = 0.022, p b .001; see Fig. 3): participants' confidence
dropped as the levels increased even though, as noted above, their actu-
al level of accuracy remained high. There were also a number of signifi-
cant two- and three-way interactions involving level. Confidence
ratings for mental but not control questions decrease with level (main
model reveals a significant level × condition interaction, β = 0.058,
SE = 0.012, p b .001; post-hoc tests using multilevel models on subsets
of the data show a significant effect of level for mental questions, β =
0.070, SE = 0.0546, p = .009, but not for control questions, β =
0.045, SE = 0.030, p = .134). This interaction is further modulated by
both story presentation and question presentation (level × condition
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Fig. 1.Meanproportion correct (by participant) at each level ofmindreading. Error bars give 95%CIs. These data show that performance onbothmental and control tasks does not decrease
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Recursive meta-representation: an experiment

Watch a short video, answer some questions

First, performance on mindreading tasks was high throughout (see
Fig. 1). The design of our stimuli ensured that this level of performance
is unlikely to be due to guesswork or any other strategy that did not in-
volve recursive mindreading (seeMethods). These findings run counter
to the intuition that high level recursive mindreading tasks are cogni-
tively demanding, and counter to results obtained in previous research
that suggest that performance on mental questions decrease markedly
after level 5. One way to understand this result is by analogy with our
perceptual skills: a formal description of what is involved in, say, vision,
is complex, but this does not mean that seeing is a cognitively demand-
ing activity, beyond the ken of typical human abilities. Our results sug-
gest that the same may be true of recursive mindreading, even at high
levels of recursion. Interestingly, the intuition that high levels of recur-
sive mindreading are particularly cognitively demanding extends even
to the individuals involved: while actual performance remained high
across all levels, confidence levels declined as level of embedding in-
creased, for mental questions but not control questions (see Fig. 3).

Second, we found that participants viewed the videos more often as
the level of complexity increased — except for implicitly presented
mental questions i.e. except in those contexts that are most ecologically
valid (see Fig. 4). This tentatively suggests that recursivemindreading is
especially easy when employed within its natural environment, and
that it is otherwise no more or less easy than recursive tasks in general.
Aswe emphasised in the Introduction, humans' natural ecology is social.
Correspondingly, prominent accounts of the evolution of human cogni-
tion emphasise the importance of specifically social cognition, including
mental state attribution (Sterelny, 2003; Tomasello, 2014; Tooby &
Cosmides, 1992). Our results make sense from this ecological perspec-
tive: recursive mindreading is an essential, ubiquitous, and adaptive
component of everyday life, and as such, we should expect that we are
good at it. A natural extension of our study, which would increase the
ecological validity, would be to limit the participants to single views of
both the story and the question videos (rather than the
multiple views that, following previous research, we allowed for in
the current design).

These results are consistent with the picture emerging from the
literature on adult first-level mindreading, which shows that
mindreading may be less like thinking, and more like perception i.e.
something that we do unconsciously, as part of the background cogni-
tion that manages much of our daily lives (Apperly, 2011). Several

experiments have now shown that in implicit contexts, we track the be-
liefs of others automatically, as part of our intuitive monitoring of the
world around us, and that like our perceptual experiences, these
representations of others' mental states fade quickly if we do not focus
on them (e.g. Kovács, Téglás, & Endress, 2010; Samson, Apperly,
Braithwaite, Andrews, & Bodley Scott, 2010; van der Wel, Sebanz, &
Knoblich, 2014). Our results tentatively suggest that the same may be
true of recursive mindreading. In particular, we found that although
participants in general increased their number of views of the question
videos as level increased, suggesting an increase in the level of difficulty,
this was not true of implicit mental questions.

It is also instructive to compare our results with the developmental
literature. First, note that the classic Sally-Anne false belief task uses
an implicit story (acted out using dolls, albeit with explicit commentary
attached), followed by an explicit question. Our results show that this
implicit–explicit combination is the most challenging combination for
adults in recursive mindreading tasks (see Fig. 2). The robustness of
this finding, and the exact reasons for it, are topics for future research,
but it does raise the possibility that the classic false belief task involves
themost cognitively demanding combination of story and question pre-
sentation possible. More generally, our results suggest two possible
lines of future research on the development of mindreading abilities:
(i) the use of explicit–explicit and/or explicit–implicit methods, in
order to make comparisons with the existing implicit–explicit and im-
plicit–implicit approaches; and (ii) the investigation of higher-level, re-
cursive mindreading abilities in children, using implicit–implicit
methods. Implicit–Implicit methods have dramatically re-shaped our
understanding of the development of simple mindreading abilities,
but this advance has not yet been extended to the development of re-
cursive mindreading abilities.

These results differ somewhat from previous research on adult
recursive mindreading, which found a prominent drop in perfor-
mance after four levels of metarepresentation. We suggest two pos-
sible reasons for this. The ecological validity of our implicit tasks
cannot fully explain this, since we also find high levels of perfor-
mance on explicit tasks. A more likely explanation is the various
methodological problems we have identified with the IMT, which
previous studies used as a measure of mindreading ability (see
Problems with previous research, above). These methodological
problems raise the possibility that previous results may not
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performance (see Figs. 1 and 2), this is tentative evidence that the implicit mental questionswere processedmore easily than all other types of question. In the Discussionwe suggest that
this may be because recursive mindreading is actually easy, when presented within is natural social context.
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People are awesome at representing other people’s 
representations

• Basically at ceiling performance up to 7 levels
• Particularly for naturalistically-presented mental meta-

representation
• No equivalent data for non-humans



People are awesome at representing other people’s 
representations

In those Friends videos, why do you think it’s so funny when they 
say what they are thinking?
A. Language isn’t well-designed for talking about meta-

representations, so it’s tricky when it’s used for that
B. Language is well-designed for talking about meta-

representations, but once the embedding gets too deep, 
processing is too hard

C. Language is actively unhelpful in dealing with meta-
representations



Next up

• Tutorial
– Human social cognition: biological adaptation or culturally-

transmitted trait?
• Next lecture: cultural evolution of structure


