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The Path ;
to SUCCESS [}V
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v Marketing mix :

v’ Classic : 4P’s (Price / Product / Placement / Promotion)
v Service Marketing : 7p’s (Extended Marketing Mix)
v People: For most services, people are a vital element of
the marketing mix.
v’ Process: A service firm of processes for marketing and
operations
v" Physical Environment: Because of the intangible nature
of a service
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Neuromarketing in economic and business

Conscious vs Subconscious
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NOW

In the business environment, vast changes have
occurred via the Internet and Internet of Things
(1oT) development.

Future




Creative Commons

A new approach to production has emerged
In a frame called Creative Commons;
producer and consumer may be gradually
identified In the context of the same process.

Creative COmMmonNs sl a4 o9>,l> ;0 adg Glp snos 8,59,

5O TN A Gl e 0dilS Bpas g caisS odgl el ead Hlasay
Qg glwld anl 3 SO g >
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.
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Consumers Activity

What

they do




YOURE

OTHE NEW BRAIN

RATIOMNAL

(—‘)THE MIDDLE BRAIN

EMOTIOM AN

/‘THE REPTILIAN BRAIN

INSTINCTUAL




- e
O Frontal Lobe Traditional: “Which color do you like best?” Parietal Lobe
O + Personality * Interprets signals
O + Emotions Pesiotal kobe from vision,
O + Judgment hearing, motor,
: » Planning . sensory and
e Problem solvint memory
@ ° Rewardcenter - * spatial and

visual perception

Temporal Lobe ™
+ Memory
* Hearing
+ Sequencing
* organization

= = I Occipital Lobe
& / * Interprets

: / vision, color,
S WATT FOUMARTEIN 5138 M ZCA. HBRSADTH BAT SRRAANCT ALL 1 ONTE TERLVSL Iight and

movement

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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Real or Virtual intelligence

Natural or Artificial intelligence

Biological or Digital intelligence

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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Light photon

Axons traveling
to optic nerve

/ ffi——i‘ff:ff?f?" = -
Ganglion cell layer : oy %&l%ﬁ&g‘é Sglnghon
A0 \
Inner plexiform layer OGPy IOy %’.’;{'ﬂ"!lf--}.\f“tﬂd R
L TS T e | ca /PN O | cell
Inner nuclear layer< P T = PAR RN Yy MJ l \l: A‘:‘X
ol V[ © @\aY e : /Y 9)© © ":‘1‘*, | (i Bipolar
Outer plexiform layer< 1) b T . '{ )N S ALL U S "\; cell
I & PRI DG0Y 7 LALHAAE S TR
Outer nuclear layer l i /) Horizontal
cell
Photoreceptor layer
— Choroid
Pigment Rods Cones
epithelium
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where and what streams in visual memory

Spatial processing
Occipital location
color ' movement
texture spatial
pictorial detail transformations
shape spatial relations
size
Object processing

Ventral or “what” stream

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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Basic elements of digital sale

@e




Motivation and memory consolidation

Intentions
Perception

Which stimulators of motivation?

. 4

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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What will be the biggest innovation of the future?

» Neuroscience, physics, and intelligence algorithms!
» Cosmology, astrophysics, and satellites!

» Chemistry, nano..., and gene-related technologies!

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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The fifth Salvo conference held in Leopold Park; Brussels, Belgium, in October 1927.

:
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1-Piccard, 2-Henriot, 3-Ehrenfest, 4-Herzen, 5-De Donder, 6-Schrddinger, 7-Verschaffelt, 8-
Pauli, 9-Heisenberg, 10-Fowler, 11-Brillouin, 12-Debye, 13-Knudsen, 14-Bragg, 15-Kramers,
16-Dirac, 17-Compton, 18-de Broglie, 19-Born, 20-Bohr, 21-Langmuir, 22-Planck, 23-
Sklodowska-Curie, 24-Lorentz, 25-Einstein, 26-Langevin, 27-Guye, 28-Wilson, 29-Richardson




Introduction and history of digitalization in medical sciences.

Ultrasonic for Berlae
1665 | ICI’OSCOpe X-ray medical (Alan
by Robert discovery purposes Turing)
Hooke George Ludwig
|

Dawd Kuhl and Roy Edwards PET (1957)
PET scanner released in 2003

Optical Coherence Tomography (OCT) in 1991
available clinically 2006

simulators in medical sciences/1981 L Ne“"°Na‘"gat'°“ robotic |

3-D . .
. print Apple and . Google- Social Media

1975 MR F()(rjlrr:uirlf 1984 Mac'mos Wi‘ﬁ’gr\}&’eb 12%%% VHP and VR became

hull) Anatomage public

simulators in medical education/1995
- Apple
2017 | Neuralink COVID-19 2024 Vision
and Al Pro
-
48
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Medical science businesses on the edge of knowledge frontiers

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging



How to develop an idea into a marketable product

Pre-Clinical \
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Project
Management
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¢——— Human Studies

Animal
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Imaging and
radiology




Companies in medical Imaging equipment

Medical imaging equipment
manufacturers market shares (% in value)

(Source: Status of Medical Imaging Equipment and Detectors 2020, Yole Développement, June 2020)

GE Healthcare
20%

Others

24% \
Hitachi :
Siemens

K \ 20 l 9 Healthineers
Ho3|§/>gic 7 $38B / 15%

Unitedimaging
3%

Sirona
3%
KariStorz
4%

Philips
1%

Oly7r;°pus Canon

8%

* Equiments only, service and consumables not included

Value at the equipment level for Ultrasound, Molecular imaging, MRI, OCT, X-ray and endoscopy
53




4.5 % CAGR

edical Imaging Market to grow at
g CAGR of 4.5 % during 2023-2030

Morth America held the largest
market share in 2023

J 5 v -

Medical Imaging Market

- : . ) . Medical Imaging Market
North america Countries Share in the Medical Imaging

Market in 2023 (%)

2023 2030
2023
D PGt e
W United States W Canada » Mexico
Market Size in billion

Global Medical Imaging Market
Share, in 2023 (%), by Organization
Size N Hospitals

Global Medical Imaging Market share, in
2023 (%), by Region

= North

America m Diagnostic Imaging
= Europe Centers
= Asia Pacific
= South
America
= Middle East
and Africa

m Ambulatory Imaging
Centers

m Others




MRI market

Global MRI Market 04
- AXI]':]!ZE

MARKET RESEARCH PVT. LTI,

Key Players
an
o ]
oy Siemens Healthineers ES;E?ILEIEHHE
GE Healthcare pany
Phillips Esaote SpA
Hitachi Toshiba Corporation.
Canon Medical Systems :sp:ct Imaging
Koninklijke Philips N.V. ruker
Fonar
2021 2029
Market Size in USS Billion
Regional Analysis in 2021 (%) Architecture Segment Overview
= North America 50,0 (T
= Europe 207 BT
= Asia Pacific 2024 T
Middlepactg 2021 )
Africa ® Open MRI Systems » Closed MRI Systems

W South America
m Standard Bore 1 Wide Bore

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging




Global radiology apps market for 2024-2031

Global Radiology Apps Market Research Report

| CAGR | By Type of Services:
: l | 3 : 500
(2024-2031) - 200
I I 300
I | 200 s
| i e
| | 2031
I I Single Use  MultiUse Others
I I
Fastest Growing I I
Region: | \ -
North America : : By Application:
: : Radiation... -
I | DIagncs'.ic,..- 2023
2031
I I
I I
| | i 0 O
I I
Key Players:
: : y y m GoodReader
I | ’:." ’ 4 : ,l'. 4
| | BOFTWARE Nn{“(&/},{oﬁ'/‘o‘nt
| 2023 2031 | ) Radiopaedia o

poe n
L:felmage
Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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o |Brain Imaging And Neuroimaging Market ISize 2023 to
recedence b5 Db
S 2034 (USD Billion)
a0
$24.25 $25.58
“ $21.80 225
$20.67 .
$19.60
20 $18.58
$17.62
$16.71
$15.02 $15.84
15 $14.24
10
5
o
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Source; Mps/WWW.B™ penort Coverage Details
Market Sizein 2024 USD 15.02 Billion
Functional magnetic resonance imaging (fMRI), ) .
positron emission tomography (PET), Market Size by 2034 USD 25.58 Billion
computed tomography (CT), Growth Rate from 2024 10 2034 CAGR of 5.47%
functional near-infrared spectroscopy (fNIRS),
magnetoencephalography (MEG), Largest Market North America
electroencephalography (EEG).
Base Year 2023 57



Nano

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging



Global Injectable Nanomedicine Market e

Snapshot, 2024 - 203I1 Marke) Resecrch

| By Drug Type | By Applications

Inflammatory Diseases

Liposomes Infection Control

) Nanocrystals
r 3

Micelles
cancer

Central Nervous

Polymeric
System Diseases

Nanoparticles

Cardiovascular

Diseases
| By Region valis
Middle East & Africa 2024
Latin America US$ 23.71Bn Key Players
s , NOVARTIS

Asia Pacific

USS$ 74.19 Bn

— CAGR (2024-2031)
— 15.2%

WL T O SR —

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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400

350

300

250

200

150

100

50

The Market will Grow

139

2022

153

2023

At the CAGR of:

167

2024

188

i
U

2025

10.2%

Global Nanomedicine Market
Size, By Molecule Type, 2022-2032 (USD Billion)

229
210 ,
i ) o
2026 2027

The forecasted market
size for 2032 in USD:

W Nanoparticles

Nano Shells
268
243 R
2028 2029

@ Nano Tubes
» Nano Devices

358
321 |

292 e |

2030 2031 2032

$358B M\ marketus

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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In Vitro Diagnostics Market « Reagents M Instruments = Services

Size, by Product Type, 2023-2033 (USD Billion)
180 167.0

160

140 126.9

120 1n0.7
96.5 103.3

100 gy 90
80
60
40
20
0

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Size for 2033 in USD:

At the CAGR of:

The Market will Grow 7 l% The Forecasted Market "67 o B 5\“ market.us
® £ IWE ATOF Kwap rou Tea seas BR 30
L &

Based on the Technique:

= Immunodiagnostics

= Haematology

=  Molecular Diagnostics

=  Tissue Diagnostics

=  Clinical Chemistry

= Other Techniques 61



&

Biobank




Sample Type Outlook

¢ Biological Fluids

¢ Human Tissues

+ Blood Products

o Nucleic Acids

¢ Human Waste Products
e Cell Lines

80

60
50
40+
30
20!
10

0!

Storage Type
Outlook

¢ Automated Storage
+ Manual Storage

Major Companies

biobank’

Sy
™

' Sy —

$67.90
= Billion

CAGR
8.6%

2020 2030

Biobanking Market

Application Outlook

+ Regenerative Medicine
¢ Life Science Research
¢ Clinical Research

HAMILTON 0 ASKION

Product & Services

Outlook
¢ Equipment
+ Storage Equipment
« Sample Transport
Equipment
+ Sample Processing
Equipment
« Sample Analysis
Equipment
¢ Consumables
« Collection
Consumables
« Storage Consumables
« Processing
Consumables
+ Analysis Consumables
+ Services
« Supply Services
» Processing Services
- Storage Services
« Transport Services
¢ Software

: EMERGEN & www.emergenresearch.com 34 sales@emergenresearch.com S +1 (604) 757-9756

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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B Equipment

Global Biobanking Market m Consumables
Size, by Product / Service , 2022-2032 (USD Billion) Software and Services
100
88.7
90 82.8
80 73.9 77.9
6o 695
70 63.4 ’
59.2

ag9 920

50
40
30
20
10

0

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

The Market will Grow 6 3% The forecasted market $8 8 7 B "'\'.' market.us

At the CAGR of: size for 2032 in USD:
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The number of biobanks in individual Polish provinces.
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Different types of biological elements collected in Polish biobank

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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BioBank Japan (BBJ), established in 2003 as a pioneer biobank in
Japan, Is a disease-oriented Biobank.

Collaborative Patients DNA Serum Genome Data [ Information
etc.

WGS: 14,000 patients
270,000 patients 800,000 tubes 1,700,000 tubes SNP: 270,000 patients

51 diseases (270,000patients) (200,000patients) Clinical Information :

270,000 patients

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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National Center Biobank Network (NCBN)

National Cancer Center

Bi®bank

National Cancer Center
(NCC)

The natlon’s largest cancer
biobank collects samples
(including blood and frozen
tissue) of various types of
Cancers.

MBS TR

National Cerebral and
Cardiovascular Center

(NCVC)
Collects samples (including blood
and tissue specimens) and data of

A

National Center for

(NCGG)

Collects samples and data on

geriatric diseases including & . - .® Impﬂ‘tantcardlwa_ts:ulardlseases.
dementia, Many resources have - - .® The Open Innovation Center (OIC)
been utilized for the .® supparts biobank activities asa
development of disease "‘h\ i T division of OIC, with
biomarkers and genomic . — collabaration between

mzdicing, industry and academia.

@ .
National Center Biobank
“| - Secretariat
« Catalogue Database

'NCNP
BicBank )

National Center of
Neurology and Psychiatry
(NCNP)

Supports research inte psyehiatrie,
neurslogical, and muscular diseasas.
Collects blood and DNA in addition to

frozen myopathy specimens, cerebrospina
TMuid samples from patients with mental
lliness and fram healthy subjects,

)
Ivl
National Center for Child

Health and Development
(NCCHD)

Collects samples and data on rare
diseases in children, fetal
abnormalities, and complications of
pregnancy. O particular nobe is DNA
sampling from three generations of
pregnant wormen.

BioBank

Mational Center for Global

Health and Medicine
(NCGM)

Collects samples and dataon a
varlety of diseases especially
chronic infection such as HIV and
viral hepatitis. Pre- and post-
operative samples and time-series
clinical data are available for
a wide variety of diseases

and frozen brain tissue from
patients who have undergone
epilepsy surgery.



BIOSPECIMEN COLLECTION

Healthy Control

» Citizens of Graz - Healthy aging
study

» Healthy control

Orthopedics
» Osteosarcoma

» Cartilage

» Bone/Soft tissue tumors

» Other bone diseases
Dermatology

» Psoriasis
» Fibrosis of skin
» Scar conditions

» Other skin diseases

Gynecology

» Disorders of cervix uteri

» Pre-eclampsia

» Diabetes mellitus in pregnancy

» Invitro Fertilization - Follicular fluid®
B

Placenta disorders

Largest clinical biobanks in the world with 20 million

Individual specimens of body fluids and human tissue.

Biobank Graz

Oncology and Hematology

» Head and Neck
» Mamma

» Prostate

» Colorectal

» Gynecological
» Leukemia

» Others (pancreas, esophagus,...)

.................... Cardiology
» Ischemic heart diseases
» Hypertension

» Other heart diseases
Pulmonology

» COPD/Asthma
» Other pulmonary diseases

Endocrinology

» Diabetes mellitus
» Morbid obesity
» Rheumatic diseases

» PCO - Polycystic ovarian disease

[P L J‘.v:.-‘-‘
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Rehabilitation Robots




Global Surgical Robotics Market W Accessories M Systems
Size, By Component, 2022-2032 (USD Billion)

Services
30
25.7
25 21.8
20 18.9

16.6
14.3
15 13.1
1.5
9.8
10 8.2
6.2 1.2
5 IIII\ IIII\ IIII\ IIII
0

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

The Market will Grow (o) The forecasted market
At the CAGR of: ] 5 '7 A’ size for 2032 in USD: $ 2 5 -7B -"\1' sk
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Phyto and medical herbs




Herbal Medicine Market

Global herbal medicine market is driven by players like Bayer AG, Schaper & Brimmer, Venus Pharma GmbH, Himalaya Global
Holdings Ltd, Arkopharma, Hishimo Pharmaceuticals, Arizona Natural Products, Blackmores, BEOVITA, Dasherb Corp.,
ZeinPharma Germany GmbH, and Dr. Willmar Schwabe India Pvt. Ltd.

By Application
» Personal Care & Baby Products
* Food & Beverages
» Pharmaceutical

’ | ‘ » Nutraceutical

Regional Analysis
North America | Europe | Asia Pacific '
Latin America | Middle East and Africa 4 =

2022-2028

CAGR

2028

JP(: 34 e o m
USD/348 billion + Liquid & Gels

» Tablets & Capsules_. ~
» Powder ’(
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Implant and human-
computer Interfaces

brain-computer interface (BCI),
cardia-computer interface (CClI),
Eye-computer interface (ECI),

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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GloballHuman Machine lnterfacelMarket
Size, by Product, 2022-2032 (USD Billion)

B Hardware B Software
12
10.7

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

10

o))

F =Y

N

o

The Market will Grow o
At the CAGR of: 8 ] 6 /

size for 2032 in USD:

Natus Medical Incorporated, Neuralink, Kernel, Emotiv, OpenBClI, Paradromics,
Blackrock Neurotech, Cortera Neurotechnologies, Neuroelectrics, NeuroSkylinc,
InteraXon, ANT Neuro B.V. 75



=@ Display Terminals ®» ABB Ltd.
® Interface Software ®» American Industrial Systems Inc.
® Industrial PCs ®» Eaton Corporation
®» Others ®» Emerson Electric Co.
®» Honeywell International Inc.

BY APPLICATION ® Mitsubishi Electric Corporation North. Lathn _ Middia  Europs

Asla
America Ameaerica East Africa Pacitic

®» Automotive ®» Rockwell Automation Inc.

® Food & Beverages ® Schneider Electric SE

® Healthcare ® Siemens AG

® Oil & Gas ® Yokogawa Electric Corporation
®» Aerospace & Defense

USD 6.30 Blllion
®» Packaging 2024 Market Size

3

WwWwo ™ uw
8= 2anm 38|t

USD 13.77 Blllion

2032 Revenue Forecast

uv e s o = A S

@ +1 929-297-9727 | +44-289-581-7111 @ sales@polarismarketresearch.com @ Polaris Market Research and Consulting LLP
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Global|Brain Computer lnterfuce|Market B Non-invasive

Size, by Product, 2023-2033 (USD Billion) u Partially invasive
12 Invasive
10.65
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¢ 4.67
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a ,gs 338
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2 . . I
0
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: —
The Market will Grow The Forecasted Market
At the CAGR of 17'9% Size for 2033in USD $ 10.6 5 B "'\'-
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Human Connectome Project (HCP)

CONNECTOME «

Studies ~ Software ~ Resources ~ News & Events ~
COORDINATION FACILITY

Young Adult HCP Lifespan HCP Connectomes Related To Disease

HCP Young Adult
Pl: Kamil Ugurbil, David Van Essen

T 1200 Subjects, Age 22-35
B 3T MR, 7T MR, MEG

® Washington U. in Saint Louis, U. of Minnesota, U. of Oxford, Saint Louis U., Indiana U., U. d’Annunzio, Ernst Strungmann
Institute, Warwick U., Radboud U. Nijmegen, U. of California at Berkeley
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The Alzheimer’s Disease Neuroimaging Initiative (ADNI)

A D N I ABOUT  STUDY DESIGN  DATA & SAMPLES  METHODS & TOOLS DOCUMENTS NEWS &PU

MIA Staff Steering Industry Scientific
: Lo Advisory Board ADMINISTRATIVE CORE

Principal Investigator

Executive Michael W. Weiner, M.D.
Core commitice UCSF, NCIRE, VA Medical Center
= B4 contact
Genetics '
Core
Biomarker

i Informatics The Administrative Core oversees all aspects of ADNI, includin

S Core project.
e Michael W. Weiner has performed —
research for over 50 years. He is a | rucsh_
— Professor of Radiology, Medicine, Vadicor
Core Psychiatry, and Neurology at the of Neurc
University of California San Francisco ., ..
(UCSF). He was a Veterans Affairs (VA) . ...

Research Associate and VA Clinical

investigator and has also worked at VAs

in Madison, WI, Palo Alto, CA, and now  Meuroin

Acquisition in San Francisco for the past 37 years ' ~D).an
Sites where he established the Center for ind has |

Imaging of Neurodegenerative Diseases §(

(CIND) and is the Director Emeritus.



BE5 USC University of
7Y Southern California

Asout ENIGMA PUBLICATIONS WorkinG GROUPS RESEARCH PRESS EniemaVis

ProT1ocoOLS EvenTts TRAINING Join ENIGMA JOIN OUR MAILING LIST]

Disease Working Groups

: Major i i . Eating Tourette's
Bipolar Depression Schizophrenia ADHD Epilepsy Disordérs PTSD Sleep Syndrome

Stroke Suicidal Eatin
OCD Thoughts & Parkinson's Addiction Irritability HIV Disorgers Anxiety

Recovery Behaviors

. Cancer & - Frontotemporal Antisocial . .
EOP Schizotypy Chemotherapy Ataxia Dementia Behavior Relatives Autism 22q11.2

Clinical
High
Risk

Chronic

\ Dissociation TBI
Pain

Genomics

Subcortical Diffusion Tensor Cortical . ) ]
GWAS Volume Imaging Thickness GCTA CNVs Evolution Epigenetics

Algorithm Development Groups

DTl & Subcortical rs- tb- Hippocampal
Connectomics Shape VEM fMRI fMRI EEG MEG Subregions




Anatomage




3D printing

Dry skull from cadaver

AEducaAR, Anatomical Education in
Augmented Reality (2022: Bologna

Italy)

CT scan Segmentation
and 3D
modeling

Skull 3D model with added components of eye and
orbital anatomy
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The BlueBrain supercomputer architecture

System

Cabled 72 racks
8x8x16

Rack

32 node cards

Node Card Up to 288 TB
(32 chips 4x4x2)
32 compute, 0-2 IO cards
Compute Card 2
1 chip, 40 <«
DRAMs >
435 GF/s
Chip Up to 128 GB
4 processors
0 13.6 GF/s
2 or4 GB DDR
13.6 GF/s 35
8 MB EDRAM

© International Business Machines Corporation. 2007, 2008. All nghts reserved.




= The uploading is possible by
the use of small robots
known as the NANOBOTS.

= These robots are small
enough to travel throughout
our circulatory system.

=  Will monitor activity of brain
by traveling into the spine
and brain

» They will provide an interface
with computer.

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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Human genome stored on ‘everlasting’ memory crystal

(Eternity crystals) cosl o Jlws,$
(ORC) [ygatighe sKuisly g xSlgnl Glido 3 40 lawgs (dn O dadls Jliws ,S
) 0l s Lo
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EctoLife: Exploring the
human cloning.

Dr. Auob Rustamzadeh (Assistant Professor of Anatomical Sciences- Senior Lecturer in Clinical Neuroimaging
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Remote control of the human mind/body by EctoLife and Neuralink projects:
What is the future of free will and consciousness?

W [Eerauire
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Motionlnput project

4 ' |

Motionlnput was initially developed by Professor Dean Mohamedally,
alongside colleagues and students from UCL Computer Science in 2020

Eye tracking headset

Next-gen eye tracking

i Heat map
|| analysis of aye
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functional magnetic resonance imaging signals of cortex showed that
moment-by-moment fluctuations, rotational wave patterns (brain
spirals) are widespread during both resting and cognitive task states.

Xu, Y., Long, X., Feng, J. et al. Interacting spiral wave patterns underlie complex brain dynamics and
are related to cognitive processing. Nat Hum Behav 7, 1196-1215 (2023).
https://doi.org/10.1038/s41562-023-01626-5
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Posterior parietal
cortex

Dorsolateral prefrontal
and premotor cortex

“Where” path

Ventral
premotor
cortex

Orbital-frontal
cortex

“What” path

FIGURE 8-10. Separate “what” and “where” pathways originate from the auditory cortex and project to different regions of the prefrontal cortex
and parietal cortex. 94



The mirror cortical regions include: Mirror neurons

ventral premotor cortex,
rostral inferior parietal lobule,
posterior inferior frontal gyrus

O Mirror neurons as creators of motor plans are activated not only when
observing another person execute a similar motor action but also when
performing a specific targeted action (1,2).

O Mirror neurons through induction of the distinct neurophysiological
changes in intracortical circuits of the motor system (3), stimulate premotor
and primary motor cortices regarding planning motor programs required for
conducting goal-directed actions (4).

1-Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev Neurosci. 2004;27(1):169-92.

2-Ferrari P, Maiolini C, Addessi E, Fogassi L, Visalberghi E. The observation and hearing of eating actions
activates motor programs related to eating in macaque monkeys. Behavioural brain research. 2005;161(1):95-
101.

3-Koch G, Versace V, Bonni S, Lupo F, Gerfo EL, Oliveri M, et al. Resonance of cortico—cortical connections of
the motor system with the observation of goal directed grasping movements. Neuropsychologia.
2010;48(12):3513-20.

4-Lang TJ, Blackwell SE, Harmer CJ, Davison P, Holmes EA. Cognitive bias modification using mental imagery
for depression: Developing a novel computerized intervention to change negative thinking styles. EuroBEe)an
Journal of Personality. 2012;26(2):145-57.



Neuromarketing tools

Record metabolic activity Recording electric aclivity Without recording brain
in the brain in the brain activity

Positron emission Steady State Implici
: . plicit
tomography (PET) Topography (SST) Facial coding association test

Transcranial
magnetic

Functional Magnetic stimulation (TMS)

' Skin
Resonar:‘eﬂlmagmg Magnetoencephalography conductance
UBE) (MEG)

Electroencephalography
(339 Measuring
Facial Physiological

Electromyography Responses




