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Are sensory issues in autism actually sensory?

The predictive mind and sensory issues in autism

Experience: sensory discomfort

Explanation: possible causes

Intervention: possible solutions

Valid

????
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SOR (over) SUR (under) SSB (seeking)

autismautism

Experience: sensory overload & discomfort

Explanation: hypersensitive to stimuli

It is sensory!

Intervention: reduce or eliminate stimuli
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Reduce

or

Avoid

Sensory input

Important difference!
Hypersensitivity:
(Überempfindlichkeit –
Hypersensitivität)

• Physiological response

• Sensory threshold

Hyperreactivity:
(Hyperreaktivität)

• Psycho-emotional / 
behavioural response

The Sensory System The Limbic System
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No unambiguous, clear indications for 
difference in sensory thresholds in autism
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No unambiguous, clear indications for 
difference in sensory thresholds in autism

Kuiper, M. W., Verhoeven, E. W., & Geurts, H. M. (2019). Stop making noise! Auditory 
sensitivity in adults with an autism spectrum disorder diagnosis: physiological 
habituation and subjective detection thresholds. Journal of Autism and 
Developmental Disorders, 49(5), 2116-2128.

Stiegler, L. N., & Davis, R. (2010). Understanding sound sensitivity in individuals with 
autism spectrum disorders. Focus on Autism and Other Developmental 
Disabilities, 25(2), 67-75.

Lucker, J. R. (2013). Auditory hypersensitivity in children with autism spectrum 
disorders. Focus on Autism and Other Developmental Disabilities, 28(3), 184-191.
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Are sensory issues really sensory?
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No stronger sensory response, but stronger 
experience of stimuli

Interventions should focus on the limbic system, rather than on the sensory system …

Standard idea about the brain

Computational analogy

Input                 Processing  Output

Perception             Cognition  Action

Stimulus (Reiz)              Verarbeiting  Response (Reaktion)
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What’s wrong with the stimulus-response 
model of the brain

• Sense making is not just integrating all the details of the 
sensory input

• So, the brain does not wait until it gets input, the brain 
anticipates (predicts) the input by making smart guesses

• And it can make smart guesses because it uses context,

• This is known as: the predictive mind

senses brain

input meaning

stimuli processing

OLD MODEL
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senses brain

input model

stimuli prediction

NEW MODEL

The brain does not 
process stimuli, only 
what is different from 
the stimuli it 
predicted: prediction 
errors.

From The Lancet
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Prediction errors

• The brain has only one goal: 
helping us to survive by minimizing prediction errors

• The brain doesn’t like prediction errors (they cause stress)

• The brain knows it cannot avoid all prediction errors. 

Therefore, it uses a variable precision in handling 
prediction errors

Depending on the context the brain will treat a prediction 
error as noise (irrelevant) or signal (relevant)

stimulus
sensation

sensation

stimulus

stimulus

sensation

no stimulus sensation

stimulus no sensation

Sensory input is highly unreliable
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Perception is controlled hallucinating.

We don’t see the world, but our model of the 
world.

Our perception of the world is an illusion
that (in most cases, fortunately) coincides 
with reality. 

Chris Frith

Sensory input is not the most important

In terms of neural connections, only 10% of 
the information our visual brain uses comes 
from the eyes.

The rest comes from other parts of the 

brain: 90%.
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• In autism the flexible adjustment in function of context of 
predictions and the weight given to prediction error seems 
to be affected

• HIPPEA: 

High, Inflexible Precision of Prediction Errors in Autism
(Van de Cruys a.o., 2013, 2014)

Autism, the predictive mind and context

Two entries to tackle sensory issues

Predicted stimulus             – Actual stimulus
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“A key determinant of habituation is stimulus predictability.
… a lack of predictability would compromise habituation and lead to 
hypersensitivity.”
(Sinha et al., 2014)

Hyperresponsivity:
reduced habituation in autism because of reduced predictivity (Turi et al., 
2015)
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Temple
Grandin

Absolute thinking 
in a relative world
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input

model

High confidence in m odel: low precision

input

model

Low confidence in own m odel: high precision
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The biggest problem in autism is…

UNCERTAINTY



Autismus, das vorhersagende Gehirn und 
die sensorische Verarbeitung

www.petervermeulen.be

© Peter Vermeulen - Autism in Context 18

Uncertainty and sensory issues
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Is it really the sound that is the problem?

Increased brain activity at…silence!

Reducing – eliminating stimuli

Short term: OK
Long term: not OK!

• Sensory deprivation as torture (Guantanamo 
bay)

• Noise cancelling headphones make the brain 
more sensitive to sound and can even cause 
tinnitus (listening loss)
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Hyperacusis - Tinnitus

Do not eliminate sounds, but make sounds predictable and 

controllable :  Working on 'feedforward' (prediction) instead 

of 'feedback‘ (stimulus)

We need to ‘feed’ the brain so it can update its models and 
reduce the prediction errors 
(prediction errors = stress / unpleasant)

If you can induce pain through 
information, you can also 
remove/reduce pain through 
information
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Pain treatment 2.0

Virtual “SnowWorld” Helps Burn Victims Cope 
with Extreme Pain

Strategies for sensory issues?

Changing 
prediction

Giving 
control

Changing 
stimulus

Stress 
coping

Tackle the prediction errors!

• Predictability in (changes) in sensory environment

• Contextual clarifying of stimuli: 
PUSH THE CONTEXT BUTTON

• Changing the brains model of the world
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Temple
Grandin

The role of contextual predictions
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Predictability, not repetition is helpful

Predictability is not the same as repetition
When you expect variation, a new stimulus will not create a 

prediction error
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Strategies for sensory issues?

Changing 
prediction

Giving 
control

Changing 
stimulus

Stress 
coping

Tackle the prediction errors!

• Knowing how to ‘control’ the 
stimulus

• Generating a competitive stimulus 
(again: predictability!)  stimming

The 
importance 
of control
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Relaxing the brain and stimulus reactivity

This will be bad  stress  hyperreactivity

You will be OK  stress  no hyperreactivity

A relaxed brain can tolerate more input 
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Relaxing the brain and stimulus reactivity

This will be bad  stress  hyperreactivity

You will be OK  stress  no hyperreactivity
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How to help autistic people cope with 
sensory overload?

• Make stimuli predictable and understandable, so the 
world becomes safer

• Use their interests (when ‘in the flow’ the world 
around seems to disappear…)

• Give control over the sensory environment
 also allow stimming

• Work on well-being and good-feeling

The Limbic System

Hyporeactivity in autism

•Mainly in interoception
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EPIC: Embodied Predictive Interoception Coding 

Barrett & Simmons (2015)

Internal hyporeactivity because of external 
hyperreactivity
• When distracted by external 

stimuli, we become less 
accurate, less sensitive and less 
confident in our interoception.

• This distraction effect is bigger 
in people with tendency  to feel 
distressed or worried 
about sensations of discomfort
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Lower interoceptive accuracy in autism

Interoception in autism

Low cardiac awareness
(Garfinkel a.o., 2016; Palser a.o., 2019)

Lack of awareness of hunger, thirst, pain and 
the need to make bowel or bladder 
movements
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Conclusion 
• Take the stress / discomfort caused 

by sensory environment seriously

• Address the stress and the arousal rather than the stimuli

• Address the prediction-errors: reduce uncertainty, not stimuli
• Make the sensory environment more predictable

• Clarify the sensory environment

• Give information about sensory environment

• Empowering approach: not avoiding, but coping
• No “one size fits all” interventions

• Give (feeling of) control over the sensory environment

• Increase the well-being


