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& the Cerebellum



The Predictive Cerebellum

Moberget & Ivry, 2016

Cerebellar Cognitive Affective Syndrome
Schmahmann & Janet, 1998



Learning & Using ACTION-Context associations

Amoruso et al., Proc. R. Soc. B, 2019 



Acquired cerebellar damage Congenital cerebellar malformations

Cortex, in press

 
CM CND TD 

 
   Demographic information 

   N (male: female) 18:8 17:9 17:9 

Age (years) 11.5 (2.7) 11.3 (3.0) 11.4 (3.1) 

    
Clinical information 

   
IQ 67 (23) 73 (16) 

 

Primary malformation 

Molar tooth sign (10); 
vermis hypoplasia (9); 

vermis and hemispheres 

hypoplasia (5); 

hemispheres hypoplasia 

(left) and dysplasia (right) 
(1); 

rhomboencephalosynapsis 

(1)  

Cortical dysmorphism (1); 

Anterior mesencephalic 

bulging and thick corpus 
callosum (1); corpus 

callosum agenesis (2); 

mega cisterna magna (1); 

corpus callosum agenesis 

and frontal polymicrogyria 
(1); thalamic hamartoma 

and UBOs (1); aberrant 

supracallosal longitudinal 

bundle (1); none (18) 

 

Syndromic/genetic diagnosis 

Joubert syndrome (10); 

Dandy-Walker 
malformation (1); OPHN1 

mutation (1); ITPR1 

mutation (1); unknown 

(13) 

Myhre syndrome (1); 

16p11.2 deletion 

syndrome (2); SOX5 
deletion (1); 

neurofibromatosis type 1 

(1); SCN8A-related 

disorder (1); unknown 
(20) 
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No evidence of contextual prior use in cerebellar patients 

Cortex, in press

Acquired cerebellar damage Congenital cerebellar malformations
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Urgesi, et al., Cortex in press

 
CM CND TD 

 
   Demographic information 

   N (male: female) 12:6 13:5 12:6 

Age (years) 12.6 (2.8) 12.8 (3.4) 11.1 (2.9) 

 
   Clinical information 
   

IQ 71 (27) 78 (16) 107 (10) 

Primary malformation 

Molar tooth sign (6); vermis 
hypoplasia (7); vermis and 

hemispheres hypoplasia (3); 

hemispheres hypoplasia 

(left) and dysplasia (right) 

(1); 
rhomboencephalosynapsis 

(1)  

Corpus callosum 
agenesis (2); thick 

corpus callosum (1); 

thalamic hamartoma 

and UBOs (1); 

aberrant supracallosal 
longitudinal bundle 

(2); none (12) 

 

Syndromic/genetic diagnosis 

Joubert syndrome (6); 

Dandy-Walker 

malformation (1); unknown 

(11) 

16p11.2 deletion 

syndrome (1); SOX5 
deletion (1); 

neurofibromatosis 

type 1 (1); SCN8A-

related disorder (1); 

Floating-Harbor 
syndrome (1); 

unknown (13) 

  

	

Domain general 
computation?



Domain general computation…
…in multiple cerebro-cerebellar loops

Van Overwalle et al., Cerebellum, 2020



Cerebellar tDCS

Oldrati et al., Brain Struct Funct. 2021



Effects on social cognition?

Use of Contextual priors correlates with ToM in non-cerebellar patients



Virtual Reality Social Prediction 
Improvement and Rehabilitation Intensive 

Training (VR-SPIRIT)

http://www.isrctn.com/ISRCTN22332873

http://www.isrctn.com/ISRCTN22332873


VR-Spirit – Prediction game



Motor training



VR-Spirit design
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Background

❖ Patients with cerebellar malformations present cognitive, affective and behavioral 
deficits, reffered to as Cerebellar Cognitive Affective Syndrome (CCAS) [1]

❖ CCAS includes alterations in social behavior and at diverse levels of social 
cognitive processing, from action perception to theory of mind abilities [2]

❖ In keeping with the role of the cerebellum in anticipating and predicting events
[3], we developed a VR-based intensive training specifically tailored to improve 
predictive abilities in social scenarios (VR-Spirit) [4]

*Project sponsored by the Ital ian Ministry of Health – RF 2013: Pediatric ataxias and

Public Health : epidemiological studies and disease registry, characterization of genetic

determinants and implementation of protocols for diagnosis, management, and rehabilitation using

innovative low cost, widely accessible technologies; NET-2013-02356160-4.

niccolo.butti@lanostrafamiglia.itContact : Niccolò Butti

Methods

❖ The study is an interventional 
randomized controlled trial 
that aims to recruit 42 
patients aged 7-25 with 
congenital cerebellar 
malformations

❖ We recruited 20 pediatric 
patients allocated to the 
Experimental group (EG) or to 
the Control Group (CG)

❖ The two groups were 
comparable for age, sex and 
intelligent quotient

NEPSY-II

CBCL and TACQOL

VR Social Prediction 
Evaluation 

Action prediction Task

Experimental Group : 

Social Prediction training 
+ motor game

Control Group:

Four motor games + 

Navigational training

NEPSY-II

VR Social Prediction 
Evaluation 

Action prediction Task

Feasibility questionnaire

NEPSY-II

CBCL and TACQOL

Action prediction Task

T1 VR-INTERVENTIONS T2 T3 FOLLOW UPT0

Both the groups were administered with eight 45-minutes VR sessions and received 
neuropsychological (NEPSY-II) and experimental assessment at T0, T2, and after 2 

months (T3)

❖ The GRAIL VR laboratory 
allows participants to move in 
VR environments

❖ Two scenarios were
developed for evaluating (A) 
and training (B) social 
prediction abilities

❖ Participants competed with 
avatars (C) in reaching one of 
three stands/recreational 
equipment

❖ Avatars’ preferences were 
biased toward preestablished 
probabilistic associations

❖ Specific game features forced 
participants to form internal 
models about avatars’ 
preferences and to anticipate 
their behavior

Results

❖ The EG significantly increased the 
use of predictive strategies in the 
VR application compared to the 
CG

❖ After the interventions, the EG
showed a stronger reliance on 
context-based predictions in the 
action prediction task [5] 
compared to the CG

❖ The EG was trained to learn 
explicit context-behavior 
associations and this 
improvement was generalizable to
the use of implicit, context-based 
predictions during action 
perception

References: [1] Tavano et al. Disorders of cognitive and affective development in cerebellar malformations. Brain 
2007. [2] Van Overwalle et al. The sequencing process generated by the cerebellum crucially contributes to social 
interactions. Med Hypotheses 2019. [3] Sokolov et al. The Cerebellum: Adaptive Prediction for Movement and 
Cognition. Trends Cogn Sci 2017. [4] Butti et al. Virtual Reality Social Prediction Improvement and Rehabilitation
Intensive Training (VR-SPIRIT) for paediatric patients with congenital cerebellar diseases: study protocol of a 
randomised controlled trial. Trials 2020. [5] Amoruso et al. Contextual priors do not modulate action prediction in 
children with autism. Proc R Soc B Biol Sci 2019.

❖ Both the groups significantly 
enhanced the performance in all 
the Nepsy subtests except for the 
sensorimotor domain

❖ Only the EG increased its scores in 
the Theory of Mind subtest and 
maintained the improvement in 
the Affect recognition subtest at 
T2

❖ Although overall increased 
performance in both the groups 
was likely due to test repetition 
effects, the experimental training 
selectively improved social 
perception skills 

Conclusions

❖ VR-Spirit appears to be specifically effective in boosting social prediction abilities 
in cerebellar patients when compared to a VR motor training

❖ Beyond the VR scenarios, VR-Spirit enhanced the use of context-based 
predictions during action prediction, and social perception skills assessed by 
standardized tests, providing evidence of the generalizability of the effects.

❖ Virtual reality could be considered as a promising tool for cognitive rehabilitation 
of pediatric patients 

❖ These preliminary findings need to be confirmed in wider samples

Both the trainings were positively rated by participants and their parents
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Results
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❖ Both the groups significantly 
enhanced the performance in all 
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❖ Only the EG increased its scores in 
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maintained the improvement in 
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allows participants to move in 
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Assessed for eligibility (n=22) 

Excluded  (n= 2) 

   Not meeting inclusion criteria (n= 1) 

   Declined to participate (n= 0) 

   Other reasons (n= 1) 

Analysed (n= 10) 

 Excluded from analysis (give reasons) (n= 0) 

Lost to follow-up (give reasons) (n= 0) 

Discontinued intervention (give reasons) (n= 0) 

Allocated to intervention (n= 10) 

 Received allocated intervention (n= 10) 

 Did not receive allocated intervention (give 

reasons) (n= 0) 

Lost to follow-up (give reasons) (n= 0) 

Discontinued intervention (give reasons) (n= 0) 

Allocated to intervention (n= 10) 

 Received allocated intervention (n= 10) 

 Did not receive allocated intervention (give 

reasons) (n= 0) 

Analysed (n= 10) 

 Excluded from analysis (give reasons) (n= 0) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 20) 

Enrollment 

Results

❖ The EG significantly increased the 
use of predictive strategies in the 
VR application compared to the 
CG

❖ After the interventions, the EG
showed a stronger reliance on 
context-based predictions in the 
action prediction task [5] 
compared to the CG

❖ The EG was trained to learn 
explicit context-behavior 
associations and this 
improvement was generalizable to
the use of implicit, context-based 
predictions during action 
perception

References: [1] Tavano et al. Disorders of cognitive and affective development in cerebellar malformations. Brain 
2007. [2] Van Overwalle et al. The sequencing process generated by the cerebellum crucially contributes to social 
interactions. Med Hypotheses 2019. [3] Sokolov et al. The Cerebellum: Adaptive Prediction for Movement and 
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Intensive Training (VR-SPIRIT) for paediatric patients with congenital cerebellar diseases: study protocol of a 
randomised controlled trial. Trials 2020. [5] Amoruso et al. Contextual priors do not modulate action prediction in 
children with autism. Proc R Soc B Biol Sci 2019.

❖ Both the groups significantly 
enhanced the performance in all 
the Nepsy subtests except for the 
sensorimotor domain

❖ Only the EG increased its scores in 
the Theory of Mind subtest and 
maintained the improvement in 
the Affect recognition subtest at 
T2

❖ Although overall increased 
performance in both the groups 
was likely due to test repetition 
effects, the experimental training 
selectively improved social 
perception skills 

Conclusions

❖ VR-Spirit appears to be specifically effective in boosting social prediction abilities 
in cerebellar patients when compared to a VR motor training

❖ Beyond the VR scenarios, VR-Spirit enhanced the use of context-based 
predictions during action prediction, and social perception skills assessed by 
standardized tests, providing evidence of the generalizability of the effects.

❖ Virtual reality could be considered as a promising tool for cognitive rehabilitation 
of pediatric patients 

❖ These preliminary findings need to be confirmed in wider samples

Both the trainings were positively rated by participants and their parents

*

*
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predictions during action prediction, and social perception skills assessed by 
standardized tests, providing evidence of the generalizability of the effects.

❖ Virtual reality could be considered as a promising tool for cognitive rehabilitation 
of pediatric patients 

❖ These preliminary findings need to be confirmed in wider samples

Both the trainings were positively rated by participants and their parents

*

*

overall

the

VR-SPIRIT Preliminary results

VR-SPIRIT

Control

Transfer



Conclusions

• Understanding others requires integrating their actions in the 
embedding context.

• The cerebellum is involved in building and using contextual priors in 
social and non social domains.

• Children and adolescents with cerbellar alterations show an 
impairment in integrating contextual priors with perceptual evidence
when compared to both healthy peers and patients with non-
cerebellar alterations.

• Training implicit learning and use of context-behavior associations
boosts social perception abilities in cerebellar patients
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