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Disclaimer 

•  After this talk the listener may be completely 
confused with regards to the interchangeability of 
the concepts of attachment, mentalisation, 
epistemic trust and active inference 
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Epistemic trust and secure attachment 

•  Secure	  a(achment	  is	  created	  by	  a	  system	  that	  also	  induces	  a	  sense	  of	  
epistemic	  trust	  è	  that	  the	  informa4on	  relayed	  by	  the	  caregiver	  may	  be	  
trusted	  (i.e.	  learnt	  from)	  

•  Evidence:	  
–  Con2ngent	  responsiveness	  to	  the	  infant’s	  own	  (at	  first,	  automa4c)	  

expressive	  displays	  in	  secure	  aCachment	  
–  During	  “mirroring”	  interac2ons,	  the	  other	  will	  “mark”	  her	  

referen4al	  emo4on	  displays	  in	  a	  ‘manifesta4ve’	  manner	  to	  instruct	  
the	  infant	  	  

–  Cogni4ve	  advantage	  of	  secure	  aCachment	  
(Fonagy & Allison, 2014, 
Corriveau et al., 2009)	  

 



Children’s Trust in Mother’s Claims 



Natural Pedagogy theory  
(Csibra & Gergely, 2006; 2009, in press) 

•  A human-specific, cue-driven social cognitive adaptation 
of mutual design dedicated to ensure efficient transfer of 
relevant cultural knowledge 

•  Humans are predisposed to ’teach’ and ’learn’ new and 
relevant cultural information from each other 

•  Human communication is specifically adapted to allow 
the transmission of   

•   a) cognitively opaque cultural knowledge   
•   b) kind-generalizable generic knowledge  
•   c) shared cultural knowledge  



The Pedagogical Stance is triggered by  
Ostensive-Communicative cues  

•  Examples: 
–  eye-contact, eye-brow flashing 
–  turn-taking contingent reactivity 
–  Motherese 
–  being addressed by own name Csibra & Gergely, 

(2009, 2010) 

•  Ostensive cues function: 
–  to signal that the other has a Communicative 

Intention addressed to the infant/child 
–  to Manifest New and Relevant information about a 

referent 
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Implications: therapy with adolescents 

•  The mind is found within the other not within itself 

•  Evolution has ‘prepared’ our brains for psychological therapy 

•  We are eager to learn about the opaque mental world from those 
around us 

•  We are prepared to learn most readily about minds in conditions 
of epistemic trust -> generalisability 

•  Therapy is not just about the what but the how of learning 
–  Opening the person’s mind via establishing contingencies so 

(s)he once again can trust the social world by changing 
expectations  



Mentalising 

•  Mentalizing is a form of imaginative mental activity about others or oneself, namely, perceiving, 
experiencing and interpreting human behaviour in terms of intentional mental states (e.g. needs, 
desires, feelings, beliefs, goals, purposes, and reasons). 

•  The capacity to mentalize has both “trait” and “state” aspects that vary in quality in relation to 
emotional arousal and interpersonal context, i.e. is dynamic within a set of constraints. 



Data Excursion I – Epistemic Trust 



Aim of current ET study 

... To develop a simple instrument that quantatively captures 
individual differences in how knowledge from others in contexts of 
uncertainty is trusted. 

(O’Connell, Nolte & Fonagy, in prep.) 



Measure 



Measure 

•  20 dilemma situations:  

- Items adapted to be construed as impersonal dilemma. 
- contain impersonal situations involving life-threatening topics, non-fatal health and safety 

risks, deceitfulness, job-loss, and stealing. 
- ending with two opposing outcomes 
 (e.g., There is a chance that those who take the vaccine will develop immunity to the deadly 

disease forever. Alternatively, there is a chance that those who take the vaccine will 
contract the disease instead).  

 

•  typical “morally correct” response (e.g., not taking a wallet found on the ground) is also 
counterbalanced between sources 

•  Participants are asked to ignore their own opinions and assume that they are a blank 
slate with no clue about what is considered right and wrong by society.  



Hypotheses 

•  HC participants will trust their mother’s advice on significantly more occasions 
than the stranger’s advice. On the contrary, it is conjointly predicted that 
patients with BPD will show no preference for either figure as a reliable source 
of information.  

•  Second, based on a continuous measure, it is predicted that HC individuals 
will have a significantly higher strength of epistemic trust for their mother than 
patients will do. 

•  Lastly, it it predicted that maternal attachment will be a significant predictor of 
epistemic trust for the mother and the stranger, but that maternal attachment 
will account for more of the variance in maternal trust than in stranger trust.  



Sample 

•  One hundred and thirty nine individuals (41 men, 98 women, mean age 31.12, 
SD = 10.54, range = 17 – 55, IQ mean = 47.99, SD = 7.96, (18– 60) 
participated in the study. This included 96 patients with BPD and 43 healthy 
controls.  

 



Results I - descriptives 



Results II – bivariate correlations 



Results III 



Results IV 
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Figure	  3.	  Comparison	  of	  trust	  strength	  between	  mother	  and	  	  
stranger	  with	  respect	  to	  aCachment	  style	  (ECR-‐R	  by	  median	  split)	  
.	  *	  p	  =	  0.05,	  **	  p	  =	  0.01,	   



Results V – hierarchical regression 

R squared change = .151,  
F change (3, 135) = 7.36, p < .000 

R squared change = .157,  
F change (4, 135) = 5.56, p =< .000 
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Bayesian Infant    

 
               Let’s imagine…  



Basic principles underlying mentalisation/ 
Starting point for GMs of Self and Other 

•  Internal/mental states are opaque 

•  We only make inferences about them 

•  These are prone to error 

•  ET facilitates benign curiosity and relational training ground for learning 

•  Developmentally/Clinically:  
                               Overarching principle is to take an 

“inquisitive stance”  = 
Interpersonal behaviour is characterised by an expectation that an 
individual’s mind may be influenced, surprised, changed or even 
enlightened by learning about another mind 



Bayesian Infant 
•  Brain as a statistical organ that generates hypotheses and phantasies that are 

tested against sensory evidence. 

•  Bayesian brain hypothesis or predictive coding postulates that neuronal 
populations in higher levels of cortical hierarchies generate predictions of 
what‘s represented in lower levels. These are compared with each other and 
generate prediction errors. These mismatch signals, in turn, lead to updated 
beliefs. 

•  Development of GMs: Organising principle of early experiences 
 - mediated by the quality of epistemic trust in the attachment  relationship and co-

 regulation of affective arousal 
 - GMs serve as relational templates but also computationally efficient and 

 evolutionarily adaptive adjustment, and in ontogeny, to one’s own niche 

  

Nolte,	  Moutoussis	  &	  Fonagy	  (in	  preparation)	  
	  Nolte,	  Fonagy,	  	  Montague	  Friston	  (in	  prep.)	  

	  

„If indeed the brain is a Generative Model 
of the world then much of it must be 
occupied by modeling other people.“ 

„I would go as far as saying up to 95% of its computations.“ 



Freud 

“A hungry baby screams or kicks helplessly. But the situation remains unaltered, for the excitation arising 

from an internal need is not due to a force producing a momentary impact but to one which is in 

continuous operation. A change can only come about if in some way or other (in the case of the baby, 

through outside help) an ‘experience of satisfaction’ can be achieved which puts an end to the internal 

stimulus. 

An essential component of this experience of satisfaction is a particular perception (that of nourishment, 

in our example) the mnemic image of which remains associated thenceforward with the memory trace of 

the excitation produced by the need. As a result of the link that has thus been established, next time this 

need arises a psychical impulse will at once emerge which will seek to re-cathect the mnemic image of 

the perception and to re-evoke the perception itself, that is to say, to re-establish the situation of the 

original satisfaction.”      

            Freud, Standard Ed., Vol. V, p. 565 
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Attempts to create a coherent sense of self 
via “projective identification” under 
hightened attachment arousal 



Biobehavioural Switch Model 

Switch Point 

A biobehavioral switch model of the relationship between stress and 
controlled versus automatic mentalization 
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(Fonagy	  &	  Luyten,	  2009;	  
Nolte	  et	  al.,	  2013)	  



Effects	  of	  Rela4onal	  Trauma	  –	  Epistemic	  
Distrust	  

	  
Disorganised	  aCachment	  experiences	  result	  in:	  

	  Hallmark:	  pronounced	  interpersonal	  predic4on	  errors	  

•  A	  pervasive	  paCern	  of	  instability	  of	  interpersonal	  rela4onships,	  self-‐image,	  
and	  affect,	  and	  marked	  impulsivity	  etc.	  

•  Key	  features:	  impaired	  and	  markedly	  dysfunc4onal	  interpersonal	  func4oning	  
underpinned	  by	  characteris4c	  deficits	  in	  mentalising	  self	  and/or	  others	  

•  Common	  (e4ological)	  pathway:	  inflexible,	  sub-‐op4mal	  genera4ve	  model	  of	  
interpersonal	  dynamics	  rooted	  in	  early	  aCachment	  experiences	  

•  May	  account	  for	  inter-‐individual	  variability	  and	  the	  non-‐norma4ve	  and	  non-‐
op4mal	  devia4ons	  from	  Bayesian	  computa4ons	  

•  At	  the	  neural	  level:	  reinforcement	  of	  synap4c	  gains	  that	  encode	  rela4onal	  
expecta4ons	  

(Fonagy	  &	  Luyten,	  2009;	  
Nolte,	  Fonagy,	  Montague	  &	  Friston,	  in	  prep.)	  



Fonagy: 

“We have to see the destruction of trust in social knowledge as the 
key mechanism in pathological personality development. 
 
BPD, therefore, is not a “personality” disorder; it involves a state of 
social inaccessibility.  It can be conceived of as a temporary state 
of incompatibility with an evolutionarily designed intracultural 
communication system.  It describes a state of isolation from 
communication from one’s partner, one’s therapist, one’s teacher—
all resulting from epistemic mistrust and hypervigilance.”    
 





Data Excursion II – SEM for vulnerability 



SEM for pathways from adversity to 
vulnerability for PD 

(Nolte, Huang, Zimmermann & Fonagy, in prep.) 



Resilience 
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Limitations of current cognitive 
endophenotype approaches and DSM-5 

General (content-independent) cognition 
•  Nonspecific cognitive processes clearly play a role but are not 

sufficient explanations 

•  Much of cognitive processing is inherently content (semantics) 
dependent and this could affect even supposedly ‘‘neutral’’ 
information processing ‘‘tasks’’ 

•  Not all patients cognitively compromised (on classical 
measures) 

•  Significant proportion of cognitively compromised subjects do 
not experience symptoms  



Growing body of cellular 
& molecular data 

Behavior, thoughts, 
moods, etc. 

Computational 
Models and methods 

Computational phenotyping: How can computation connect 
mind variables to brain variables? 

Describe complex behaviors, thoughts, moods, etc as 
computations. 

Describe neuronal interactions as  
computations. 



 
Our approach 

 
1. Use a collection of economic probes to extract a vector of 
parameters (and brain responses) to characterize healthy 
populations. 
 
2. Compare these with clinical samples of Borderline 
Personality and Anti-Social Personality Disorder to identify 
neurobiological commonalities and distinct neural patterns, 
also: pre and post treatment. 
 
3. Attempt to detect phenotypical markers that cut beyond 
polythetic categorical DSM approach. 
 
4. Demonstrate clinical utility in predicting symptom change, 
drop out and to improve triage pathways. 



The social exchange battery 
 
1. Ultimatum game with ‘norm changes’ 
 
2. Multi-round trust game (10 rounds) 
 
 
3. Bargaining game (buyer) 
 
4. Bargaining game (seller) 
 
5. Social Hierarchy Task 
 
6. Observed Trust Game (70 rounds) 
 

Modeling results on which to ‘lean’ 
 
1.   Bayesian observer-defined norms 
 
2.1   Depth-of-thought ‘typing’/Investors 
2.2   Level of Trust and Coaxing /Trustee 
 
3. Strategic style ‘typing’ 

4. Model of interpersonal suspiciousness 

5. Dominance/Aggression 
 
6. Model for mentalising of another     
“relationship” 

 

Lots of underwriting results 
(UCL Social Exchange Battery, PI: R. Montague) 

Established corresponding neural signatures:  Xiang, Lohrenz & Montague, 2013, 
King-Casas, Lohrenz, Fonagy & Montague, 2008, Bhatt et al., 2010; 2012, King-Casas et al., (in prep.) 
For conceptual overview: Montague, Dolan, Friston & Dayan, 2012) 
 
 
 



Proposed	  Extension	  

(B)PD	  

P	  factor	   MDD	  

Completed:	  
N=404	  	  
of	  which	  199	  scanned	  



The multi-task approach generally asks two 
questions 
 
 
1.   How do variables relate across tasks and within a subject?   
 
 
2.  How do the vectors vary across clinical populations and in 
contrast to HCs, especially in areas of expected overlap? 





Evidence for differential patterns of 
BPD TG 

King-‐Casas	  et	  al.,	  2008	  



Use observed exchanges and computational model to 
classify investors using depth-of-thought and inequality 
aversion 

investor trustee 

10 rounds 
$20 

multi-round trust game 

n = 178 pairs, trustee 
played by bot 

Examine 1st and 2nd order 
interpersonal prediction errors  
in brains for each depth-of-thought 
level 

investor trustee 

Level 0 

Level 1 

Level 2 

Ray D, et al. Bayesian model of behaviour in economic games. NIPS (2008) 
Hula, Dayan & Montague (2015)  
Nolte*, Hula*, Dayan, Fonagy & Montague (in preparation) 

 Theory-of-mind based classification 



How do BPD and HC differ in the TG on a 
number of computationally derived parameter 
estimates? 

•  Theory of Mind 

•  Horizon Planning over Time 



Data Excursion III – recursive modelling in 
two-part interactions 





Our results so far 
•  Hula, Montague & Dayan (2015) 

–  POMCP to estimate horizon 
planning 

–  Current work on irritability/
(volatility) 



Examples from simulated data based upon 
the model 



Our results so far 

•  Nolte*, Hula* et al. (in prep) 

 - Disease states probed as effect of role in iterative 
exchanges/recursive modelling in TG 



SEM for pathways from adversity to 
vulnerability for PD 

(Nolte, Huang, Zimmermann & Fonagy, in prep.) 



Summary 

Development of generative models: Organising principle for evaluation of early experiences 
 
Level of epistemic trust ensures adaptation to one’s developmental niche -> Resilience 
 
Infant‘s experience of self and others is organised according to Bayesian updating of priors 
 
Computational models of interpersonal functioning allow for mapping of developmentally 
compromised phenomena onto brain processes (mechanistic understanding) 
 
These are characterised by model optimisation to reduce surprise/free energy – failure due 
to developmental adversity requires complexity reduction to explain away prediction errors, 

 GM are too narrow to predict cooperation/new/benevolent experiences  
 
Prospective longitudinal needed to track GMs over time and in relation to normal/
pathological development 
 
 
 
 
 



Clinical Implications 

-  Epistemic trust and the therapeutic relationship 

-  Rupture/repair processes 

-  Titrating of interventions 

-  Hard to reach patients 
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Thanks! 

t.nolte@ucl.ac.uk 


