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Opacity

Opacity can be defined as the degree to which information is	
not accessible for cognitive processing.

Mechanically opaque

Subjective	
It depends on individual characteristics or experience

Mechanically transparent



How was this object made?

Making process

How does it work?

Using process

What knowledge do others 
have of it?

Transactive process

….can take several forms
Opacity



Overview

Technological com
plexity and repertoire

Time

Tool	
making

Opac
ity

Cultural 
specialization

Opac
ity

Tool	
use

Opac
ity

Coevolution	
with cognition

Not new: Csibra, Wegner, Keil, 
Dennett…
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Technical versus social brain



Laws Physical Physical

x Psychological

Class of 
stimuli

Inanimate	
(non-intentional objects)

Animate	
(intentional agents)

Self-propulsion	Biological motion	 Deformation	

Face	Hand	
Perceptual 
properties	



Perceptual signals (Bottom-up)

Class of 
stimuli

Inanimate	
(non-intentional objects)

Animate	
(intentional agents)

Self-propulsion	Biological motion	 Deformation	

Face	Hand	
Perceptual 
properties	

animate/intentional vs	
inanimate/non-intentional 

object detection	
systems

pSTS

VOTC

LOTC



Laws Physical Physical

x Psychological

Class of 
stimuli

Inanimate	
(non-intentional objects)

Animate	
(intentional agents)

Opacity
(Mostly)	

mechanically transparent
(Always)	

mechanically opaque

Causal	
certainty	

Precise understanding:	
x causes y…

Universal	
laws	
=>	

reliable

Causal 
uncertainty	

Vague understanding:	
wants to, intends to…

Not universal	
laws	
=>	

unreliable



Causal uncertainty (Top-down)

Opacity
(Mostly)	

mechanically transparent
(Always)	

mechanically opaque

Causal	
certainty	

Causal 
uncertainty	

Vague understanding:	
wants to, intends to…

Precise understanding:	
x causes y…
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(Social) Semantic memory	
Knowledge about persons, 
groups, social behavior, etc. 

Perspective	
taking

Theory of 
mind	

Mental 
simulation of 
mechanistic 
actions

Constraints	
integration



Perceptual systems including 
the intentional detection system

LOTC, pSTS, FFA

Technical brain

PF, IFG

Social brain

TPJ, amPFC, TP

Perceptual transparency signals Perceptual opacity signals

Causal uncertainty

Osiurak & Federico (under revision, Perspectives on Psychological Science)	
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Collaborative	

Competitive	

Long term

Short term

Interactions



Baron-Cohen et al. (2001)	

Long-term	
competition	



Unpublished data	

PFIFG a. Neuroimaging studies

Tool-use action understanding

Tool-use action observation

b. Brain-lesion studies

Goldenberg and Spatt (2009)
Goldenberg and Spatt (2009)
Randerath et al. (2010)
Mengotti et al. (2013)
Martin et al. (2016)

Salazar-López et al. (2016)

c. Physical events
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Long-term	
competition	

"I daydream and fantasize, with some regularity, about things that might happen to me. »,


  "I often have tender, concerned feelings for people less fortunate than me.",


  "Sometimes I don't feel very sorry for other people when they are having problems.",


  "I really get involved with the feelings of the characters in a novel."

NV7	 Interpersonal reactivity index (IRI)	



Short-term	
competition	



Jack et al. (2013, NeuroImage)

Short-term	
competition	



Jack et al. (2013, NeuroImage)

Negative correlation with Social
Overlap

Physics > Rest, Social < Rest, fixed effects

Negative correlation with Physics
Overlap

Social > Rest, Physics < Rest, fixed effects

Short-term	
competition	



Osiurak et al. (2025, eLife)
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Presenta+on
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Initial study: Vollm et al. (2006; NeuroImage)

Collaboration	
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Opacity and tool use
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Osiurak & Federico (under revision, Perspectives on Psychological Science)	



"People consistently use mental states to explain 
both human and non-human actions, particularly 
when they are unable to generate more elaborate 
causal explanations".



Federico et al. (2025; NeuroImage)

Tool condition

Instructions:	
Tool action vs no-tool action



Federico et al. (2025; NeuroImage)

Machine condition

Instructions:	
Tool action vs no-tool action



Federico et al. (2025; NeuroImage)

Control condition

Instructions:	
Tool action vs no-tool action



Federico et al. (2025; NeuroImage)

Tool > Machine Machine > Tool



Federico et al. (2025; NeuroImage)
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Osiurak et al. (in progress)

Instructions:	
Work vs do not work

Machine condition	
(work)

Opaque

20 participants; 160 videoclips



Osiurak et al. (in progress)

Instructions:	
Work vs do not work

Machine condition	
(Do not work)

Opaque



Osiurak et al. (in progress)

Instructions:	
Work vs do not work

Tool condition	
(work) Transparent



Osiurak et al. (in progress)

Instructions:	
Work vs do not work

Tool condition	
(Do not work) Transparent
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Machine Tool



Tool > Machine Machine > Tool

Osiurak et al. (in progress)



Osiurak et al. (in progress)

Tool > Machine Machine > Tool

Tool > Machine Machine > Tool



Osiurak et al. (in progress)

Tool vs Machine



Left PF Right PF Left IFG Right IFG

Osiurak et al. (in progress)

Tool vs Machine



Osiurak et al. (in progress)
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Tool vs Machine



Improves again the 
deception of the 
social brain

Making technology to our own image
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PFIFG a. Neuroimaging studies
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b. Brain-lesion studies
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d. Physical events

Psychotechnical test
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Mechanical	problem	solving	(Novel	tool	use)	

Jarry et al. (2013)

Osiurak et al. (2009)

Bartolo et al. (2007)

Goldenberg et al. (2007)

Hartmann et al. (2005)

Goldenberg & Hagmann (1998b)

Heilman et al. (1997)

!

Familiar	tool	use

Mechanical	problem	solving	(novel	tool	use)

R2	=	0.65

G[ Goldenberg and S[ Hagmann:Tool use in apraxia473

Fig[ 0[ Three items of the novel tool test[ The left side of each row shows the array presented to the patient for tool selection and the
right side\ the use of the correctly selected tool[

P⇡ 9[90#[ While LBD patients made signi_cantly more
errors than RBD patients on novel tool selection
"z�⌧2[4\ P⇡ 9[990#\ there was no signi_cant di}erence
between both groups of brain damaged patients on novel
tool application "z�⌧0[4\ P� 9[0#[ Observation of the
patients| performance suggested di}erent types of errors

underlying poor scores on novel tool application in LBD
and RBD patients[ The errors of LBD patients mostly
concerned the principle of the tool!object interaction[ For
example\ they would press the outer side of a hook against
a ring instead of inserting its tip into the opening of the
ring[ By contrast\ the di.culties of the RBD patients





12 weeks of training
3 days a week

20 to 40 min sessions

Step by step demonstration
or Training of details (teaching)

but…
on how to make tea

This was a transfer task

Goldenberg et al. (1998, 2001)

The activity is degraded over time (6 months after the rehabilitation),
if not practiced daily



Osiurak et al. (in progress)

Instructions:	
Work vs do not work

MachineTransparent condition	
(Do not work) Transparent


