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This lecture and the next

• Working memory models as example of dynamical models and attractor 

dynamics in biological neural networks;

• Application to Computational Psychiatry - Schizophrenia.

• Reading: Chapter 3 of Computational Psychiatry Primer. 

1) What is schizophrenia?

2) What is working memory?

3) Attractor Paradigm for working memory/ delayed activity

- Hopfield Net

- Back to the Ring Model

4) Application to schizophrenia



1) What is Schizophrenia ?

❖ Major neuropsychiatric disorder

❖ 1% lifetime risk

❖ can start as sudden psychotic episode 

usually in early adulthood or gradual 

withdrawal and decline.

1. Positive symptoms: (appearance of 

abnormal experiences - psychosis)

• Threatening voices

• Thought Echoing

• Visual Hallucination

• Delusions

https://www.youtube.com/watch?v=KYHVbLLO2bU

https://www.youtube.com/watch?v=KYHVbLLO2bU


2. Disorganisation:

• Pressure of thought 

“ in my mind there ran like and endless 

clockwork a compulsive torturing 

uninterrupted chain of ideas”

• Incongruent behaviour

“ I really would like to slap your face, 

people like you are usually called 

SOBs”

• disturbed sense of self (“mirror sign”)

1) What is Schizophrenia ?



3. Negative Symptoms:

(deficits in normal experience)

• Poverty of thought / perseverance 

• Loss of Initiative

• anhedonia: loss of pleasure

• social withdrawal

• Cognitive deficits

Difficulty in maintaining context, in learning associations. 

working memory deficits 

1) What is Schizophrenia ?



1) What is Schizophrenia ?



• Cause is unknown :  Combination of genetic and environmental factors

• No cure. Medication alleviate the (+) symptoms somewhat.

• Disconnection hypothesis.

• Dopamine hypothesis: misfiring of dopaminergic neurons. 

Antipsychotic drugs work on the dopamine system. 

Amphetamines (DA agonist) can mimic some aspect of the disorder.

• NMDA hypothesis: Impairments in NMDA transmission. 

Ketamine (NMDA receptor antagonist) mimic aspects of the disorder.

• Positive symptoms are most fascinating but negative/ cognitive symptoms create most 

suffering and disability.

• 10% suicide rate. 

1) What is Schizophrenia ?
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RDOC framework in Psychiatry

• Building upon ongoing advances in the behavioural and neurobiological 

sciences

•"RDoC is an attempt to create a new kind of taxonomy for mental disorders 

by bringing the power of modern research approaches in genetics, 

neuroscience, and behavioral science to the problem of mental illness.”
[Elevag et al 2016]

•From a categorical to a dimensional approach. 



Linking Neurobiology and Psychiatry

• Working memory as a possible endophenotype? 

endophenotype

n. a type of biological marker that is simpler to detect than genetic 

sequences and that may be useful in researching vulnerability to a 

wide range of psychological and neurological disorders. Endophenotypes 

may be a useful link between genetic sequences and their external 

emotional, cognitive, or behavioral manifestations. [coined in the 

1970s by U.S. behavioral geneticist and clinical psychologist Irving 

I. Gottesman (1930– ) and British psychiatrist James Shields (d. 

1978)]

https://dictionary.apa.org/endophenotype
https://dictionary.apa.org/biological-marker


2) What is working memory ? (a.k.a. short-term memory)

• The ability to hold information over a time scale of seconds to minutes

• a critical component of all cognitive functions (language, thoughts, planning etc..)

Delayed match-to sample task:

remember ‘red’

http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related

http://news.bbc.co.uk/1/hi/health/4101431.stm

• central to many learning disabilities and 

impaired in many mental disorders

http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related
http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related
http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related
http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related
http://www.youtube.com/watch?v=M1Tui0Gbvq4&feature=related
http://news.bbc.co.uk/1/hi/health/4101431.stm
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https://www.ted.com/talks/peter_doolittle_how_your_working_memory_m

akes_sense_of_the_world

Test yours!

2:21-3:49

2) What is working memory ?

https://www.ted.com/talks/peter_doolittle_how_your_working_memory_makes_sense_of_the_world
https://www.ted.com/talks/peter_doolittle_how_your_working_memory_makes_sense_of_the_world
https://www.ted.com/talks/peter_doolittle_how_your_working_memory_makes_sense_of_the_world
https://www.ted.com/talks/peter_doolittle_how_your_working_memory_makes_sense_of_the_world


Sustained activity in PFC (1)

• Lesion and inactivation studies demonstrate crucial role of Prefrontal Cortex  

(PFC) in working memory, in particular dorsolateral PFC (PFdl).
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Oculo-motor delayed response task:

remember location of cue.

Sustained activity in PFC (2)



Sustained activity in PFC (2)

Funahashi et al, 1989

cue
delay

Patricia Goldman-Rakic

1937-2003



Sustained activity in inferotemporal Cx (IT)

Fuster and Jervey 

1982



Working memory vs Long-term memory and Linking propositions

• Long-term memory : molecular or structural changes - connectivity between neurons.

• Short-term/ working memory: Dynamical process that has not yielded to molecular 

characterisation: "Sustained” a.k.a. “Delay” or “Persistent” Activity.

WMDelay activity “Linking proposition”



Towards a theory of Working Memory/ Sustained Activity

• A theory of working memory should answer:

- How is it initiated?

- Why does it persist ?

- What makes it specific? 

- How does it end?

- Reason for capacity limit?  

- Relationship with attention, long-term memory?

• Mechanism : reverberations through connections (which?), or cellular?

• Lots of experimental  and theoretical work to answer these questions



Delay activity could be due to reverberations through… 



3) Attractor Paradigm for Persistent Activity

• Since1970s it is proposed that delay activity patterns can be 

theoretically described by dynamical attractors in recurrent neural 

networks.

• Hopfield networks (John Hopfield (1982))
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https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/

https://pni.princeton.edu/people/john-j-hopfield/videos

https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/
https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/
https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/
https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/
https://www.nobelprize.org/prizes/physics/2024/hopfield/lecture/
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos
https://pni.princeton.edu/people/john-j-hopfield/videos


Hoffmans’ model of Schizophrenia (1989): the pruning hypothesis

❖ Synapses progressively reduce 

throughout childhood and 

adolescence.

❖ Schizophrenia: pruning process 

gone too far.



Hoffmans’ model of Schizophrenia (1989): the pruning hypothesis

❖ Synapses progressively reduce throughout 

childhood and adolescence.

❖ Schizophrenia: pruning process gone too far?

❖ Study of pruning in Hopfield nets leads to :

merging of attractors (thought disorder?), 

spurious attractors (hallucinations?)..



Intermediate Summary

• Schizophrenia is a very serious illness characterised by “positive” (hallucinations, 

delusions) and negative symptoms. 

• One neurobiological correlate of the illness is impairment in working memory.

• Short-term/ working memory: Dynamic process - “Sustained” a.k.a. “Delay” or 

“Persistent” Activity. 

• Attractor Networks as (main) model of working memory / sustained activity

• Hopfield Network as example of a point attractor model (Lab 2). 

• Next time: How do we go from here to providing biologically plausible spiking 

models, comparable to recordings in Prefrontal cortex?
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