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Infant Theory of Mind: 
Where are we now?



Theory of Mind in Two-year-olds





Fortunately other paradigms have (so far) faired better

difference in the number of trials contributed between the
two trial types (p > .4).

2.1.3. Procedure
2.1.3.1. EEG. EEG was recorded continuously using a 128-
electrode Hydrocel Geodesic Sensor Net (Electrical Geode-
sic, Eugene, USA), sampled at 250 Hz, recorded with re-
spect to the vertex electrode and re-referenced to the
average prior to analysis. Following recording, EEG was
segmented into 5500 ms segments (beginning 3500 ms be-
fore, and ending 2000 ms after, the point at which the

agent reappeared) and time–frequency analyses were per-
formed on each artefact-free segment by continuous wave-
let transform using Morelet wavelets at 1 Hz intervals in
the 6–30 Hz range. To eliminate distortion created by the
wavelet transform, the first and last 500 ms of each seg-
ment was removed. A 400 ms period, beginning 1000 ms
before the reappearance of the actress, was selected as a
baseline. This time window was chosen as the event occur-
ring within it, the onset of the curtain raising to reveal the
actress, was the same in both test trial types. Averaged
activity in the baseline period was subtracted from the first
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Fig. 1. Adult participant results. (a) EEG data: time–frequency (TF) plots for the 2 types of test trial. TF plots reflect baseline corrected activity averaged over
the four left sensorimotor channels, and over all participants. Zero is the onset of the agent reappearance and activity averaged over the first 500 ms of this
period was compared to the baseline period. Black rectangles indicate the time and frequency range over which statistics were computed. (b) Eye-tracking
data: upper graph shows the proportion of valid trials on which the participant’s first anticipation was directed towards the agent’s hand on the two types
of false belief trial, and lower graph shows the mean duration of participant’s looking to the agent’s hand on the two types of false belief trial.

Fig. 2. The two types of false belief test trial presented to infants. Each began with either the ball jumping into the box (A+O!) or jumping out of the box
(A!O+). The actress then disappeared behind a curtain and infant watched as the ball then jumped out of the box (A+O!), or jumped back in (A!O+). The
curtain then rose to reveal the actress, stationary, looking down at the box. Changes in sensorimotor alpha were measured during this stationary
reappearance period.
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So there is something to explain!

But how best to explain it?



“Infants compute others’ beliefs and seem to hold them 
in mind as alternative representations of the 
environment” (Kovács et al., 2010, Science)

“Infants realize that others act on the basis of their 
beliefs and that these beliefs are representations that 
may or may not mirror reality (Onishi & Baillargeon, 2005, 
Science)

Implies that infants are 
managing two conflicting 
representations

Self Other



Relationship between performance on false belief tasks 
and Executive Functions in children (e.g. Devine & Hughes, 2014)

other self

Conflict resolution Inhibitory control

Infants have poor cognitive control (Diamond, 2003; Thompson-

Schill et al., 2009)



A solution is if one of these perspectives were to exert 
less influence than the other

Infants can take others’ perspectives because they don’t 
have a competing representation of their own perspective

Hypothesis

Maybe infants don’t 
remember their own 
perspective?

Self Other





1) Socially-cued events receive preferential encoding

2) Infants lack self-representation that would otherwise 
lead to a competing representation of the event from the 
self-perspective

Altercentric hypothesis

Social cognition is a balance between self and other, and 
different factors can alter this balance

Southgate, in press, Psychological Review

Perspective taking in infancy is facilitated by two features 
of early cognition: 



Self Other

Social value

Perspective conflict

Self Other
Other’s  

attention



Social value

Others’ attention enhances our memory for 
the targets of their attention (Gregory & Jackson, 

2017; Reid et al., 2004)



Self Other

Social value

Perspective conflict

Self Other

Self relevance

Other’s  
attention

Other’s  
absence



Social value

Others’ attention enhances our memory for 
the targets of their attention (Gregory & Jackson, 

2017; Reid et al., 2004)

Self-relevance
Perception and memory are facilitated for events and 
items that are perceived as self-relevant (Sui & Humphreys, 

2015)

In adults, the presence of both of these influences 
create a perspective conflict 



Why infants might be different

Self
Other

otherself

Social valueSelf relevance

Southgate, in press, Psychological Review

A bias towards the focus of others’ attention, unimpeded by 
conflict, may be beneficial for babies



Oxytocin and altercentrism

www.nature.com/scientificreports/
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the fixation time spent on the mouth area [without mouth motion: r = −0.273, p = 0.001; with mouth motion: 
r = −0.260, p = 0.001]. These results suggest that children with higher OT levels were more attentive to the eye 
region in human faces than children with lower OT levels. Next, because both of these factors were influenced 
by age, we calculated partial correlation coefficients between salivary OT levels and the fixation times spent on 
each AOI in the face, controlling for age. Results indicated a weak yet significant positive partial correlation with 
a small effect size26 between OT levels and fixation time on the eye area in the “human face with mouth motion” 
category (r = 0.176, p = 0.03), indicating that children with higher OT levels were more attentive to the eye area of 
the face (with mouth motion) than children with lower OT levels, regardless of their age.

We then conducted a path analysis to examine whether OT levels mediate the relationship between age and 
visual attention to the eyes (Fig. 3). As shown in Fig. 3a, we observed that age was a significant predictor of gaze 
fixation on the eye area for infants and children in the present study (human face [without mouth motion]) 
(β = −0.181, t = 2.24, p = 0.025). As shown in Fig. 3b, age was also a significant predictor of oxytocin levels 
(β = −0.44, t = 5.99, p < 0.001). Furthermore, when oxytocin levels and age were entered simultaneously as pre-
dictors of fixation on the eye area (human face [without mouth motion]), oxytocin levels remained a significant 
predictor (β = 0.202, t = 2.29, p = 0.022), while age did not (β = 0.009, t = 1.03, p = 0.30). Thus, these findings 
suggest that oxytocin levels mediate the relationship between age and visual attention to the eye area (Human face 
[without mouth motion]).

OXTR rs53576 polymorphism and salivary OT levels. The distribution of genotypes for OXTR 
(rs53576) in the participant group was as follows: 22 GG (14.8%), 65 AG (43.6%), and 62 AA (41.6%) genotypes. 
Prior to statistical analysis, we confirmed that no significant deviation from the Hardy–Weinberg equilibrium was 
observed in participants [χ2(1) = 0.53, p = 0.47]. This distribution was similar to those observed in other studies 
involving Asian participants27.

To examine the effect of the OXTR rs53576 genotype on salivary OT levels, a one-way analysis of variance 
(ANOVA) was performed using participants’ genotypes as a between-participants factor (Fig. 4). The analyses 
revealed a significant main effect of genotype [F (2,146) = 4.461, p = 0.01]. Post hoc analysis using Shaffer’s mod-
ified sequentially rejective Bonferroni procedure revealed that individuals with the AA homozygote genotype 
(mean = 56.72, SD = 45.17) had lower salivary OT levels than individuals with a G allele (AG: mean = 80.54, 
SD = 68.08; GG: mean = 98.37, SD = 77.86, respectively). This result suggests that salivary OT levels in young 
children are modulated by the OXTR rs53576 polymorphism, with AA genotype carriers exhibiting significantly 
lower salivary OT levels than G allele carriers.

Effects of age and OXTR polymorphisms on gaze fixation for social cues. Human cognitive devel-
opment, including visual attention, appears to change from the sensorimotor period to the preoperational period, 
which occurs at the age of approximately 24 months28, 29. Research has also indicated that the role of gaze fixation 
may change significantly over the second year of life30. Therefore, the data were analysed to ascertain whether an 
interaction effect between age and OXTR polymorphisms existed in relation to visual attention for social cues. 
A two-way ANOVA was conducted, including age below 24 months and from 24 months and older, OXTR poly-
morphisms (AA genotype or G allele), and the fixation duration of each AOI in the face. This analysis indicated 
that only the fixation duration for the eye area of the face (without mouth motion) was associated with a signifi-
cant interaction between age and OXTR genotype from 24 months onwards [F (1,145) = 5.53, p = 0.02]. No main 
was observed for either genotype or age (Fig. 5).

There were no significant associations in any other AOIs of the face. Upon further examination of the interac-
tions, post hoc analysis revealed a simple main effect of genotype, indicating that children over 24 months of age 
with the AA genotype exhibited a significantly decreased fixation duration on the eye area compared to G allele 

Figure 2. Relationship between age and salivary oxytocin (OT) levels. The vertical axis indicates salivary OT 
levels (pg/ml), whereas the horizontal axis indicates age. **p < 0.01.

Nishizato, Fujisawa, Kosaka & Tomoda, 2017

Could levels of OT in infancy provide the right conditions to foster 
this proposed altercentric bias?

Exogenous OT enhances altercentrism in adults



Changing one’s mind

My views on what infants are doing on our tasks has 
changed

Developmental change is exciting!

Generating theories is as important as generating data


