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Investigating the Neural Mechanisms Underpinning Theory of Mind 
Processes in ASD Using a Reinforcement Learning Framework

We hypothesised that the MCCg contributes to understanding the mental states of 
others’ by eliciting social prediction errors (a prediction error about another agent). 

In Apps, Lockwood, & Balsters (2013a) we further suggested that disruption to the 
MCCg would lead to behavioural deficits characteristic of ASD, such as a lack of 
motivation to engage in social interaction, and an inability to understand the 
mental states of others’. 

Our adapted false belief paradigm showed that individuals with ASD have greater 
difficulty processing false beliefs about others compared to age- and IQ-matched 
controls. 

Using fMRI we localised this Group*Agent interaction to the MCCg, and this effect 
is not present in the MCCs, providing strong evidence that ToM deficits present in 
ASD may be routed in disruptions of the MCCg.

BACKGROUND… 
Successfully interacting in social environments depends on the ability to 
understand  the mental states of others’ (Theory of Mind; ToM), and 
recognizing that another’s mental state may differ from our own. The gold 
standard for investigating the mental states of others’ are false belief 
paradigms such as the Sally-Anne Task (Fig 1). 

TRIAL TYPES… 
Twelve trial types were embedded in a 3 x 2 x 2 factorial design

Agent: Player 1 (First person perspective); Player 2 (third person perspective); Computer
Outcome: Positive; Negative
Belief: True Belief; False Belief

Condition 1: Player 1, Positive, True Belief – The player in the scanner picks a door, 
it turns green, and there is a 1 euro coin behind the door

Condition 2:  Player 1, Negative, True Belief – The player in the scanner picks a door, 
it turns red, and there is a 0 euro coin behind the door

Condition 3:  Player 1, Positive, False Belief – The player in the scanner picks a door, 
it turns red, and there is a 1 euro coin behind the door

Condition 4:  Player 1, Negative, False Belief – The player in the scanner picks a door, 
it turns green, and there is a 0 euro coin behind the door

Conditions 5-8:  Repeat of conditions 1-4 but for Player 2 (Third Person perspective)

Conditions 9-12:  Repeat of conditions 1-4 but for Computer

METHODS…
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RESULTS… 

Cluster 11

Cluster 6

Figure 2:  Cytoarchitecture of the MCC taken from Apps et al (2013a). Green 
shows the MCC sulcus (MCCs), red shows the MCC gyrus (MCCg). The star 

shows the Anterior Commisure.

Figure 3: Schematic illustrating trial structure using a paradigm adapted from Apps et al (2013b), subjects were given privileged information about 
whether a stimulus-outcome contingency is maintained or violated. This allows them to decide if someone holds a true or false belief.  

Trials began with the presentation of 2 white doors with the Agent (“Player 1”, “Player 2”, 
or “Computer”) printed underneath. “Player 1” meant the subject in the scanner picked 
one of the two doors. “Player 2” or “Computer” meant the subject in the scanner watched 
a door being selected either by an individual the subject trained with outside the scanner, 
or a computer. Figure 4 shows the performance for false 

belief trials only. As with total accuracy, ASD 
individuals performed significantly worse 
then controls (F(1,34)=11.46, p<0.005), and 
there was a significant Agent interaction 
(F(2,68)=7.99, p<0.001). There was also a 
s ign ificant Group*Agent in te rac t ion 
(F(2,68)=3.95, p<0.05). 
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Individuals with ASD performed significantly worse than controls in terms of total 
accuracy (F(1,34)=13.787, p<0.001). There was also a significant Agent interaction 
(F(2,68)=40.882, p<0.001), but no Group*Agent interaction (F(2,68)=1.05, p=0.36).

I t has been suggested that the 
computational and neural mechanisms 
that underpin ToM may be similar to 
those that underpin first-person 
Reinforcement Learning (RL), i.e. 
unexpected decision-making outcomes 
(false beliefs) constitute prediction errors 
(PE) that activate neurons in regions 
such as the Middle Cingulate Cortex 
(MCC). 

Based on differences in the connectional 
fingerprints of the MCC gyrus (MCCg: 
Figure 2 red) and MCC sulcus (MCCs: 
Figure 2 green), Apps et al (2013a) have 
proposed that the MCCg plays a unique 
role in processing PEs related to other 
people (social PEs). 

One of the cardinal and unique 
features of Autism (ASD) is their 

difficulty in understanding the mental 
states of others’. 

We propose that ToM deficits in 
ASD can be explained by a deficit 

in social PEs due to disturbed 
MCCg processing.  

Once a door was chosen it would immediately change to red or green: 

•  a red door indicated the player would probably not win money on this trial, 

•  a green door indicated the player would probably win a euro. 

The red:lose and green:win contingency was true for 66% of trials 
(True Belief trials: TB). 

For the remaining 34% of trials the contingency was reversed, i.e. red:win and 
green:lose (False Belief trials: FB).

Regardless of which agent was playing, the subject in the scanner always received 
privileged information in the lower left corner of the screen telling them what the 
real outcome of the trial would be. At this point the subject could determine if 
themselves, the other player, or the computer held a TB or FB. Subjects in the 
scanner were prompted to respond after the privileged information to indicate if this was 
a TB or FB trial. 

Trials occupied 4TRs (8s); the doors were presented in the first TR, the onset of the 
privileged information cue was jittered across the next 2TRs (0-3000ms ISI), and the 
subject’s response and the global reveal of the outcome occurred in the fourth TR. 
Jittering the onset of the privileged information across 2TRs helped to separate BOLD 
signal associated with belief processing from the BOLD signal related to primary visual 
and motor processes occurring before and after the privileged information cue. fMRI 
images were realigned, slice-time corrected, normalized (unified segmentation), and 
smoothed (8mm FWHM) in SPM12. All fMRI analyses were time-locked to the privileged 
information cue and cluster corrected (FDR, p<0.05).

28 ASD and 28 age- and IQ-matched controls participated in this study. 12 ASD and 8 
controls were excluded for poor task performance, excessive head movement, or 
technical difficulties during scanning. 

SUMMARY AND CONCLUSIONS

Figure 4 illustrates that the group difference for 1st person false beliefs is less than the 
group difference for false beliefs about other people. This shows that our paradigm is 
tapping into ToM deficits in ASD.

Figure 5 shows a significant Group*Agent interaction was localised to the MCCg 
(SVC, p<0.05). The bar plots show a large difference between processing 1st person 
PEs and social PEs in controls, whereas this difference is clearly reduced in ASD. This 
difference significantly correlated with SRS scores. As predicted, Agent interactions were 
not present in the MCCs.

Figure 1:  The Sally-Anne Task. The red box highlights the 
privileged information which allows us to determine if Sally 

has a True/False belief.

Figure 4: Bar plots showing False Belief accuracy.   
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