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Opacity

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

Mechanically transparent Mechanically opaque

Subjective
It depends on individual characteristics or experience



Opacity
....can take several forms

How was this object made?  What knowledge do others How does it work?
have of it?

Making process Transactive process Using process




Overview
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Technical versus social brain
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Perceptual signals (Bottom-up)

Class of Inanimate Animate

stimuli (non-intentional objects) (intentional agents)
Perceptual Biological motion  Self-propulsion =~ Deformation
properties Hand Face

animate/intentional vs
inanimate/non-intentional
object detection
systems
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Causal uncertainty (Top-down)

(Mostly)

Opacit :
pacity mechanically transparent

(Always)
mechanically opaque

Precise understanding: Causal
X causes y... certainty

""" » Causal Vague understanding:
uncertainty wants to, intends to...

Technical brain

Mental
simulation of
mechanistic

actions

Constraints
integration

Theory of
mind

Social brain

Perspective
taking

(Social) Semantic memory
Knowledge about persons,
groups, social behavior, etc.



Perceptual systems including
the intentional detection system

LOTC, pSTS, FFA

/ \

Perceptual transparency signals Perceptual opacity signals

Technical brain , Social brain
Causal uncertainty

\/

PF, IFG

TPJ, amPFC, TP

Osiurak & Federico (under revision, Perspectives on Psychological Science)
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Table 1. The computational goals and principles, representations, and cortical systems associated with
naive physics and naive psychology. Abbreviations: TPJ (temporoparietal junction), SPL/IPL (superior

and inferior pariet

al lobule), PMC (premotor cortex), PC (precuneus). MPFC (medial prefrontal cortex).

Naive physics Naive psychology
General Explain, predict and intervene on...
computational
goal ... the physical states and motions of ...the mental states and behaviors of agents
objects
Key OBIJECT: an inanimate permanent body AGENT: an animate entity that can change its
representations | that persists through space and time own behaviors (i.e. act) at some cost, and has a
perspective on (1.e. mental states about) the
OBJECT PROPERTIES: position, shape, world
mass, material
MENTAL STATE: appraisal of a world state
RELATIONAL PROPERTIES: express (e.g. cost, desire, emotion, knowledge, belief);
interactions between objects; contact, in some cases a propositional attitude about that
support, containment, adhesion state (“she thinks the book is in the cabinet™)
KINEMATIC / DYNAMIC UTILITY: agents plan over this variable,
PROPERTIES: speed, velocity, force composed of reward and cost
Causal law Approximate Newtonian dynamics Approximate rational planning
Judgments Explanation: Why?; Prediction: What will happen next?
supported Counterfactuals: What would have happened, if X were true?

Intervention: What should I do, to make X happen?

What is the mass, material, viscosity, and
elasticity of this thing? Will it fall or stay
stable? Why did it break, bounce, or flow
the way it did?

What does she want, believe, or feel? What is
she trying to do? Why did she do that?
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systems parietal cortices including

parietal lobule

premotor cortex, inferior and superior

Cortical Network of regions spanning frontal and Network of regions including the

temporoparietal junction, superior temporal
sulcus, precuneus, and medial prefrontal cortex

SPL
IPL

TPJ

[ ] Physical Reasoning

Regions associated with

Theory of Mind

PMC
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A. Physical reasoning
Which way will More yellow Or

it fal? brown Diocks?
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Schwettiman ot &l 2016

B. Action Planning

Planning an Looking at an
acton object
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’ |
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Brandi ¢t 8. (2014)

These findings raise the possibility that the processes engaged by action observation, action planning
and tool use, and physical reasoning may draw on a shared capacity: understanding how objects and
agents (other people and ourselves) interact (see also '*°). These regions also exhibit strong intrinsic




[ Interactions ]

Social brain Technical brain




Long-term
competition
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FIGURE 3. Distribution of standardised scores on the physics and eyes tests in the AS group.

4.0

A test of correlation between folk psychology and folk physics in the normal group
was not possible since different groups of children were given each of these tests. In the

group with AS, the two tasks were strongly inversely correlated (r=-0.63, p=0.001).

surprised

joking

sure about something

happy

1 litre

A

Which nail is most likely to pull out of the wall?
(@A (b)B (c)C (d)all equally likely

If each block weighs the same, which one
will be most difficult to push over?
(@A (b)B (¢)C (dD

Which tank will cool the water fastest?

(a)A (b)B (c)C (d)all equal

Baron-Cohen et al. (2001)
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Interpersonal reactivity index (IRI)

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

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

"Sometimes | 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."

110

Unpublished data



Short-term
competition

Neurolmage 66 (2013) 385-401

Contents lists available at SciVerse ScienceDirect

Neurolmage

journal homepage: www.elsevier.com/locate/ynimg

fMRI reveals reciprocal inhibition between social and physical
cognitive domains

Anthony 1. Jack **, Abigail J. Dawson ?, Katelyn L. Begany ?, Regina L. Leckie ?, Kevin P. Barry 2,
Angela H. Ciccia °, Abraham Z. Snyder €

ABSTRACT

Two lines of evidence indicate that there exists a reciprocal inhibitory relationship between opposed brain net-
works. First, most attention-demanding cognitive tasks activate a stereotypical set of brain areas, known as the
task-positive network and simultaneously deactivate a different set of brain regions, commonly referred to as the
task negative or default mode network. Second, functional connectivity analyses show that these same opposed
networks are anti-correlated in the resting state. We hypothesize that these reciprocally inhibitory effects reflect
two incompatible cognitive modes, each of which may be directed towards understanding the external world.
Thus, engaging one mode activates one set of regions and suppresses activity in the other. We test this hypothesis
by identifying two types of problem-solving task which, on the basis of prior work, have been consistently asso-
ciated with the task positive and task negative regions: tasks requiring social cognition, i.e., reasoning about the
mental states of other persons, and tasks requiring physical cognition, i.e., reasoning about the causal/mechanical
properties of inanimate objects. Social and mechanical reasoning tasks were presented to neurologically normal
participants during fMRI. Each task type was presented using both text and video clips. Regardless of presenta-
tion modality, we observed clear evidence of reciprocal suppression: social tasks deactivated regions associated
with mechanical reasoning and mechanical tasks deactivated regions associated with social reasoning. These
findings are not explained by self-referential processes, task engagement, mental simulation, mental time travel
or external vs. internal attention, all factors previously hypothesized to explain default mode network activity.

@ CrossMark



Short-term
competition

Mechanical Would water No
Movie flow if there

was a large

hole in the

tube?
Social Does he think [No
Movie that she is

angry?

Jack et al. (2013, Neurolmage)



Short-term
competition

Negative correlation with Social Negative correlation with Physics
- Overlap - Overlap
Physics > Rest, Social < Rest, fixed effects Social > Rest, Physics < Rest, fixed effects

Jack et al. (2013, Neurolmage)



Collaboration

D. Mentalizing task

PHYS-Only
Condition

6 seconds 4 seconds

INT+PHYS
Condition

t >
Presentation Selection

Initial study: Vollm et al. (2006; Neurolmage)

Osiurak et al. (2025, elife)



Collaboration

D. Mentalizing task: PHYS-Only condition

F. Mentalizing task: INT+PHYS > PHYS-Only

E. Mentalizing task: INT+PHYS condition

IFG (tr./op.

Osiurak et al. (2025, elife)



A. Mechanical problem-solving task

4 seconds 3 seconds

Presentation Selection

A. Mechanical problem-solving task

SPC

Osiurak et al. (2025, elife)



Collaboration B. Psychotechnical task

Osiurak et al. (2025, elife)



Collaboration G. Conjunction analysis (A and B and D and E)

B. Psychotechnical task

E. Mentalizing task: INT+PHYS condition

IFG (tr./op.



Opacity and tool use



Technology

<€4— No movement without physical contact Self-propulsion =———p
<4— ‘Handle' to allow motor-to-mechanical transfer Communication organs =—p-
<€— Noise provoked by our actions Spontaneous noise ——
<— Do not need energy to work Need energy to work —
<— Mono-functional Multi-functional =9
<+——Technical brain > < Social brain >

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



Why don't you Why don't you
W NT to work? WANT to work?

Q

r\rlrery Unlikely

m Trends in Cognitive Sciences 14 (2010) 383-388 Cell

:::::

Causes and consequences of mind
perception

Adam Waytz', Kurt Gray?, Nicholas Epley® and Daniel M. Wegner*
T

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



Instructions:
Tool action vs no-tool action

Tool condition

Federico et al. (2025, Neurolmage)



Instructions:
Tool action vs no-tool action
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Machine condition

Federico et al. (2025, Neurolmage)



Instructions:
Tool action vs no-tool action

Control condition

Federico et al. (2025, Neurolmage)



Main fMRI results

Tool > Machine Machine > Tool
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Federico et al. (2025, Neurolmage)



Is this tool capable of...?
- - - -+ + + +

Comm.

Consci.

Emotion

Memory

Person.

Federico et al. (2025, Neurolmage)



Instructions:
Work vs do not work

Machine condition

iy o (work)
20 participants; 160 videoclips Osiurak et al. (in progress)

Opaque




Instructions:
Work vs do not work

)
N N
: )&,
—

17‘4

Machine condition

Opaque
(Do not work) pad

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

—> Transparent
(Do not work) P

Osiurak et al. (in progress)
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Osiurak et al. (in progress)



Machine > Tool .

Osiurak et al. (in progress)



Main fMRI results

Tool > Machine Machine > Tool

PL IPL
SMG - AG PostCG PostCG SMG - AG

'
LoTC STG ))
e
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. Tool > Machine Machine > Tool .

Osiurak et al. (in progress)



Tool vs Machine

@
@ P

0.5 0.6 0.7

Osiurak et al. (in progress)
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[ Making technology to our own image ]

Improves again the
deception of the
social brain
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A. Mechanical > Digital

Right

Left
ﬁea PI@

Inferior frontal gyrus (IFG)

N #

z value
[
3.1 3.8 45 5.2

B. Digital > Mechanical

Left Temporoparietal Right
junction
(TPJ)

&

Temporal pole
(TP)

z value

3.1 3.8 4.5 5.2

Right

ol

C. Alone > Delegation
Dorsolateral

Left
E g PF
IFG
prefrontal cortex (dIPFC)

z value
[
2.4 3.0 3.6 4.2

D. Delegation > Alone

TPJ

TP

Anterior median
prefrontal cortex
(amPFC)

z value

24 3.0 3.6 4.2




Familiar tool use

a. Neuroimaging studies

B 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-Lopez et al. (2016)

c. Physical events o..--" "+ d. Physical events
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Psychotechnical test

095  1.05 115
Cortical thickness (left area PF)

Task 1 Task 2

Physical task (Ph) Physical interactions (Ph) )
"Where will it fall?" . Psychotechnical test
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.
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Social interactions (So)
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Osiurak, Federico, & Clairiere (2023; Trends in Cognitive Sciences)
Federico et al. (2022; Scientific Reports)
Fischer et al. (2018; PNAS)




Apraxia of tool use

Goldenberg's videos



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

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

Goldenberg et al. (1998, 2001)



Instructions:
Work vs do not work

)

Electrolux LuxCare Wash

® rinse & sy
clean was

MaChinETransparent Condition

—> Transparent
(Do not work) P

Osiurak et al. (in progress)



