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Brain-Computer Interface—A Glimpse of the Revolution Yet to Come-

This paper seeks to introduce to the general crowd and business investors over the emerging
technology of brain-computer interface (BCI) and the important roles and business chances
that BCI may deliver in the future. While the fields of neuroscience and brain imaging has long
been introduced, it is not until recent years that technology advancements finally allow for a
better understanding of the human brain and the mechanics of our sensory systems, at a less
prohibitive cost for many different research parties. Although BCI technologies and
commercialization efforts are still at their infancy, there has already been numerous research
projects throughout institutes in the world in using BCI as a revolutionary form of medication,
or new IT startups trying to build upon BCI technologies for personal consumption such as
novelty toys. Large corporate efforts, on the other hand, seems to remain fairly under involved,
and the majority of the general crowd are unaware of this area of research. The purpose of this
paper is to generalize as much about BCI as possible, by combining some of the current BCI
research trends, to form up a plausible roadmap of what is expected to come in the future, in
hopes of helping current and future investors or business leaders to leverage on the
technologies that can hopefully secure a reasonable amount of fortune, while ultimately

granting the human race a better life.

This paper is largely written in English. However, in hopes of having a broader audiences, a
shorter, Japanese summary is provided at the end of each chapter.
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Keywords: Brain-computer interface (BCI), prosthetics, invasive / non-invasive BCI,
electroencephalography (EEG), prosthetics, neuroprosthetics, neurofeedback, neuromarketing,
neurogaming, natural user interface (NUI), virtual / simulated reality, immersive experience /
presence, entrepreneurship, incremental innovation, radical innovation, skunkworks,

crowdfunding, dominant design




Brain-Computer Interface

—A Glimpse of the Revolution Yet to Come-

Abstract
This paper seeks to introduce to the general crowd and business investors over the
emerging technology of brain-computer interface (BCI) and the important roles and
business chances that BCI may deliver in the future. While the fields of neuroscience
and brain imaging has long been introduced, it is not until recent years that technology
advancements finally allow for a better understanding of the human brain and the
mechanics of our sensory systems, at a less prohibitive cost for many different research
parties. Although BCI technologies and commercialization efforts are still at their
infancy, there has already been numerous research projects throughout institutes in the
world in using BCI as a revolutionary form of medication, or new IT startups trying to
build upon BCI technologies for personal consumption such as novelty toys. Large
corporate efforts, on the other hand, seems to remain fairly under involved, and the
majority of the general crowd are unaware of this area of research. The purpose of this
paper is to generalize as much about BCI as possible, by combining some of the current
BCI research trends, to form up a plausible roadmap of what is expected to come in the
future, in hopes of helping current and future investors or business leaders to leverage
on the technologies that can hopefully secure a reasonable amount of fortune, while
ultimately granting the human race a better life.

This paper is largely written in English. However, in hopes of having a broader
audiences, a shorter, Japanese summary is provided at the end of each chapter.
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1. Introduction/ [Z C&IZ

When Anakin Skywalker lost his arm during his duel against Count Dooku, the
technologies in Star Wars allowed him to easily replace it with an artificial one that
works exactly like his organic counterpart. While most of us probably just enjoyed it as
a simple science fiction moment, scientists and engineers sit back with their eyes filled
with flaming jealousy. Indeed, the current commercially available prosthetics that we
have in reality is nothing like those science fiction movies. Despite huge technological
breakthroughs in numerous areas such as material engineering and kinesiology that
allow for far better designs and functions in prosthetics designs than the early days, it is
general knowledge that most of them are slow and cumbersome. They only partially
restore a patient’s normal daily life, and are not aesthetically pleasing either.

Switching channels, we arrive at the world of The Matrix series, a tragic era
when humanity is unknowingly enslaved inside a gigantic, indistinguishable simulated
world known as “The Matrix”, by The Machines who cultivates and harvests mankind’s
bioelectricity. Of those humans who do wake up, they have little choice but to learn
about the mechanics of the Matrix and alter some of its code to perform superhuman
capabilities, to combat The Machines who impersonate as human governmental agents
to eliminate them. Now, violence and warfare aside, consider a day when many of the
real world luxuries, unique services, or superhuman strength would become available in
a virtual, fully interactive environment which is much more accessible, affordable, and
entertaining for all groups of people. Indeed, as technologies progress, human beings
are increasingly being given the capabilities of “playing God”, to achieve an incredible
amount of feats that may easily translate into business profit.

BB A X — « T —ADT X « ADA T H—T—N Ky —27—1f
BRI THEl-s T LEo7-bDD, HBICHEK TR S, B OETE
EFWMORELTWS, —JF, B~ Y v 7 ATk, BEBLIEIZE LVRAEO i
FUC T AT kg 12 AT L, ANHZzXEELEY ETD5~vr— Lk
A2 WA IRL T d, EBLBESFOADIEVGETH TN, [T
Ay earvbta—H— A H—T x4 A, FZIEBCI (HKTIEH, 7LA
VeV e AU B =T oA AL LTHDLND), EWVIEITOREIZLY
FNNREHLOOH D, RHOT—~IXEZTRBE, BCl HFF O~ 72 i,
ERBETRATF ¥ AZBN DA RBHEEZ MO TND EF > Thilg TlEi
VN,



1.1 Lack of Large Corporate Efforts, Despite the Potential / FIREE® : ;XBED
ES

Those sci-fi movie plots previously mentioned, could potentially be made
possible with brain-computer interface (BCI) technologies, pending future R&D and
commercialization efforts. However, just as was how only a handful of visionaries such
as Bill Gates or Steve Jobs recognized the importance of personal computers and
consumer electronics, which lead to them founding their own companies that would
ultimately grow into IT empires, commercially available BCI technologies today also
largely remain as venture efforts, with large corporates either silently watching or even
completely unaware of them, despite their large amount of resources at hand. While at
the same time worldwide institutional researches, SMEs (small and medium sized
enterprises), or individual enthusiasts surge forward steadily every single day with new
theories, discoveries, or innovative ideas.

BCI A D WIEEMEIZE D & —FoF/h, N F v — xR
. BURTIE, KT IT BZENFEMMIC BCI Eio ) oo 2B Y 9 &9
DDIEE 5% <IF7Rv, %k 2% BCI HAli O 272G R 2 %5+ 2 &, BCI
BAricE ) LT /heZEld, 80 FRO L2/ Mkl ote~v A 7 Y 7 |k
T v TVHABL TS, BCHIERE TIERIERFEM AL TWRNE D
D, JKIE FTIETTIZ, AFZEEREoR T v — 2 K D BTG CA ) _—
2 UNHBEOE DL I ICTHABNTND EF XD,

1.2 The Goal of this Paper / B

By examining at the many potentials of BCI, it is likely that most will
ultimately arrive at the conclusion of how these technologies may trigger a new era of
business revolution that will likely translate into a substantial amount of profit across
many different business sectors. While at the same time, they will propel the lifestyle
and welfare of humanity further forward towards a healthier, more convenient, and
more equal society.



However, save for a few, the commercialization efforts of BCI currently remain
dominantly at SME level. Thus, the main goal of this paper is to bridge the gap between
technology and business that can hopefully help BCI gain more awareness among
audiences of any age groups or backgrounds. The goal of this paper is to encourage and
accelerate BClI R&D and commercialization efforts in hopes of turning science fiction

into reality and prosper together as a race.
Opportunity Recognition

Shifting firms into at least
recognizing the many opportunities
of BCI is the main purpose of this
paper. Although a pioneer position
is preferred.

Unaware Skeptic

Risk Tolerance

KL OIRKOBHIL, BCl OH L HISHAAREMZFEI L, HEF
TEZICZOHERIZINTOD EVR AT v 20 NS I3 2 H B
ZEL, EEEREIGELRLS THRELAMNOE Z L, BCl HiffopH 8L %
IMMEESEHZLETHD,

1.3 Format and Study Method/ 7 4#—< v FRUBHIERFE

This paper will be split into two chapters: Part | is more descriptive and
explores the basic background of BCI and the many promising applications of it. Most
of which will be based on readily available scholar papers, consumer electronics news,
and secondary market analysis data for different applications of BCI. Part Il involves a
deeper observation of the current BCI market, venture efforts and research trends to
devise a plausible future roadmap. Part Il also postulate on why large corporates may
choose to stay out of it at this time, and what can be learnt from BCI venture leaders,
based on established scholarly researches and professional opinions. We will also



propose some possible strategies for firms to become pioneers in this technology.

Due to BCI industry being largely at its infancy, the fact that most large
corporates’ choose to be mere observers, that venture companies are mostly private and
rarely report their detailed financial performances publicly, only a handful of
fragmented business information can be retrieved and utilized. For this reason, the study
methods will be limited to a purely inductive, qualitative study with a minor abductive
twist, by collecting science news journals and conducting expert interviews and analyze
the situation, to arrive at the possible root cause of the problem mentioned in section
1.1.

Technical information, such as mathematical equations, overly detailed
neuroscience, or computer science aspects of BCI are far beyond the scope and
relevance of this paper and will be deliberately kept as brief and short as possible.

AFRSTEZEIZ DTV 5, FH—E8IE, BCl O RENRER., TR,
PR RS 2 HP « fifai U7z, 555k, A BEORGH BCI ER OIS ~ Ly
RAEHE L | BEFZOREF I L CHAREE SRR D 5 &R
BNDN OO AT v a v EERTHZEEZANE LTV D,

BIED BClI EROF NEEITIFITIE EGOF /N F v —EN LD
THEY ., MEHERICEDEESITIREZ D 5720, KRaa KIEMESHTITIR
ETHIE Lot B, HMMEOBWAHRECHERII AR SCOMIE B 1<
FIEICE TNV, FEANEEIE LT,



Part |
Introduction and Application of Brain-Computer Interface

“What is real? How do you define 'real'? If you're talking about what you
can feel, what you can smell, what you can taste and see, then 'real’ is simply
electrical signals interpreted by your brain.” (Morpheus, The Matrix, 1999)

2. Definition of Brain-Computer Interface / 7L > AYEa—4%—+ A4 VA
—JxMREF

BCl is short for “brain-computer interface”, which refers to any technology that
connect the human brain with computers devices or machines, eliminating the need to
use an external input device or physical contact to control it. This is achieved by
measuring changes in brain activities, process them into digital signals, and interpret
them into command inputs that computers understand, and also the exact converse in a
more distant future to download information into our brain. BCI is a combination of
traditional electronics engineering and neuroscience. It is an emerging research field
that has only recently come to attention by a handful of technology pioneers, with
several novel toys or wearable devices being released or planned. Depending on the
context of what the brain is being connected to, there can be many different names for
BClI, such as brain-machine interface (BMI), cerebral interface, neural interfaces, direct-
control interface, etc. However, whatever the name, what they seek to achieve are all
similar — connecting the human brain to some artificial devices to achieve some
otherwise previously impossible feats. (Wolpaw JR, et al., 2000) For simplicity, this
paper will refer to all of them as BCI in this article.

BCl &iX LAy e ara—F— AL F—TxARA] OBEHTH
D, aUa—F—%ihH, NHOKEH P LEHERICES, tho A7
NAZZEOTITHIET 20X BTHL, BRTIE TvAr w2y - A
VHE—=T A A (BMI) £EENDZ EITZNNR, L OB THAEL=> %
Wi L TWDITE T, FAEOWIEE B2 TE LA R, Kmxid, 250
STEETHEHELBCI E LTH—-LTHTHZ EELTEN,

2.1 Basic Neuroscience and Electroencephalography (EEG) / ##E5 Kk UK & (X
Our brains process information by a type of cells called “neurons”. We can

think of it as a computer connected on the internet, where it receives information from

many other computers, processes them, and then outputs it out to other devices for



further processing. One thing worth noting, however, is that connections between
neurons are “plastic”’, meaning that it allows our brain networks to adapt to new inputs
and changing circumstances (e.g. something artificial), as opposed to real computers
which are less flexible and rely on serial computations (e.g. a device driver program
must be installed before new changes to the system can be understood). When
sufficiently strong inputs occur, there is a rapid change in the level of K+ and Na+ ions.
This rise or fall in ion activities produce electrical pulses that are called “action
potentials” or “spikes”, the main methods of communication between neurons. Each
spike transfer little to no information, and is not unlike the 0 and 1 based binary systems
of an ordinary computer. It is generally agreed that information is carried in the form of
“how fast spikes occur in one second” and “the timing of the spikes”. Measuring these
spikes directly via electrodes form the basis of electroencephalography, or EEG, one of
the oldest, but the most used methods of measuring brain activities. (Rao, 2013)

Other than electrical changes, there are also other ways of imaging for brain
activities, such as minor changes of blood flow, magnetic fields generated by electrical
activities of the brain. These imaging methods form the basis of other techniques. (Rao,
2013)

AN ORIE, BROAFEICEDLL T, CARIIHMNTHONED S 5 HHE Sy
ZEIDTEICKNT T=a—m ) EFEEN DM EZ N L CER 2 BT
%, OB BRUVANFEL, Thi [l LR, MEOEL LA
EERAT DO A EEG (MG & F v, BlRER ClIE b v & [k
I, RLZEHEINDTETH D, EEG OIS H, Mk, B &SRR B
FERHY, Eb—E—EThYWAEIEN TV D FERRNE ST
Zo

2.2 Invasive and Non-Invasive BCI / BCl D f&¥g

To properly monitor and process brain activities, the measuring devices need to
be in close proximity to the human brain. To achieve this, there are two main categories
of BCI: invasive and non-invasive. Different categories and measurement techniques of
BCI offer varying degrees of spatial and temporal resolution. Spatial resolution can be
described as the clarity of the images or information retrieved, while temporal
resolution refers to how accurate a measurement is in respect to time. (Rao, 2013)

A% B 2 IEREICEH T 2 7201213, B — 13O IZERE S 1
%, ZOH, BCHZIZMEO LT IV RNH 0, ZEEA (invasive) & FEEEE
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# (non-invasive) &73ivs, & B LEHITFIEIIENENOHFESEN &
0. FIZZERfREE (spatial resolution) & B3 f#AE (temporal resolution) T
FHl S5, BHICE 2T, MRS Lo O E A BN, REH
SIFRREIXFHAI DR RIFREEE Th 5

2.2.1 Invasive BCI / {288 BCI

Like its name literally suggests, invasive BCI involves surgically opening the
skull and planting sensor devices either deep into the brain or onto the surface of the
brain. To this date, invasive BCI will always be able to obtain the most accurate and
clear readings of brain-activities compared to non-invasive alternatives. (Rao, 2013)
Quite obviously, invasive BCI is most likely only suitable for research or medical
purposes such as for treating amputees or brain diseases. Its feasibility of being
marketed towards the able-bodied mass market is very slim, considering the risks and
fear factors of requiring a foreign objects inserted into our brain.

Currently, many electronics devices need non-organic components to protect it
from damage. Thus, in the event of a successful approval from regulatory agencies and /
or commercialization attempt of a certain invasive BCI device, two important design
considerations will be whether the sensors are biocompatible and / or biodegradable.
Biocompatibility refers to whether cells would grow and encase the largely non-organic
implant, and insulate it over time as a part of our body’s natural defensive mechanism
against a foreign project. This will eventually compromise its effectiveness, resulting
the BCI system to fail and may cause potential irritation or tissue damage. (Rao, 2013)
On the other hand, biodegradability refers to whether if the sensors can eventually “melt
away” in our body. There are several reasons for considering this: such as to simply
ignore the device when it is no longer used, to have more flexibility, to eliminate the
number of brain surgeries needed for removing the implants in case of malfunction or
maintenance. Or ultimately, to effortlessly handle and deliver a large device that
contains nanometer-sized electrical circuits deep inside the brain that are too small to
cause rejection or harm, while the rest, unneeded parts decays away (Rao, 2013) (Litt
B., Roger J., et al., 2010) (MIT Technology Review, 2009).

(RELH) BCHIEXFE Y | BREF 2, Efnt o — 2 ko R m
WZIEBEHT D0y, NI AT FIETH D, FiizMEE L, HHOUV A7 %
oD 72, EEALSNOEENIZIIRmETHD, LonL—F, fHFHRO
FE PRI O (BN TR Y . RO IHZEEN) BCl 21X 5 MT#EE L TV
%, 1REEH) BCI 2P T D702, 73 A ZET 20 E O AR E
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J&E] (biocompatibility) <> 4893t (biodegradability) (XEZE /AR A
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2.2.2 Non-Invasive BCI / FE28Ef BCI

Non-invasive BCI require no surgeries. These are devices or techniques that are
placed in proximity to, or on the scalp to measure brain activities. While much more
suitable for being marketed towards the general crowd, the existence of the human skull
greatly interferes with the accuracy of the readings. Depending on the techniques used,
there is often a tradeoff between either spatial or temporal resolution, portability, or
cost, making different techniques only suitable for a certain purpose at this stage (Rao,
2013). Despite the shortcomings, many simple and interesting tasks and applications
have already been developed at numerous institutes or some companies. Firms other
than those who are directly involved in neuroscience and the biomedical industry will
likely focus more on the non-invasive category of BCI in favour of a bigger audience.

There are several types of non-invasive brain imaging techniques for BCI. Each
with their pros and cons™:

EEG MEG fMRI fNIRS Functional
Ultrasound
Spatial Bad. Good Very Good Worse than EEG. Higher than EEG.
Resolution | Lots of noise. But better skull But also lots of
Surface only penetration. noise.
Temporal | High High Low Low Moderate
Resolution
Portability | Portable and Institute-grade, | Institute- Portable, but prone | Ultrasound devices
compact Cumbersome. | Grade, to environmental are usually portable
Need shielding | Cumbersome | interference
to prevent
interference
Cost Low High High Low Low

1 Organized based on information from Brain Computer Interfacing: An Introduction
by Rajesh Rao, 2013 and A Brain-Computer Interface Based on Bilateral Transcranial
Doppler Ultrasound, by Tom Chau, et al., 2011. Edited and verified with the assistance
of Associate Professor Yasue Mitsukura, Department of System Design, Faculty of
Engineering, Keio University.
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Electroencephalography, or EEG, is one of the oldest, but also the lighter, and
cheaper methods for brain imaging. As was mentioned earlier, EEG detects brainwaves
by placing electrodes on the scalp to measure and interpret the fluctuations in electrical
currents as brain activities change. BCI sensors that are commercially available today
are almost exclusively EEG due to its cost, portability, high temporal resolution, and
relative ease of use. However, it cannot penetrate deep into the skull nor the brain tissue,
making measurements largely superficial. EEG also pick up a significant amount of
potentially unwanted signals — known as artifacts (or noises), which must be filtered out
to obtain a more precise measurement. These drawbacks contribute to EEG’s poor
spatial resolution of information, which require extensive R&D work in techniques such
as signal processing to filter out any irrelevant data. (Rao, 2013).

Magnetoencephalography, or MEG, measures brain activities via magnetic
fields generated by electrical currents in the brain. MEG offers both favourable spatial
and excellent temporal resolution when compared to other imaging techniques.
However, it is very cumbersome and expensive. MEG is also prone to interference from
magnetic fields of any sort, including Earth’s own magnetic field, requiring a heavy
shielding. These drawbacks currently limit MEG’s use at institutional environments
(Rao, 2013). However, there have been research efforts such as the United States
National Institute of Standards and Technology (NIST) who are attempting to
miniaturize MEG sensors into portable sizes, at an affordable cost. If successful, it may
potentially open up a new chapter in commercial BCI devices (NIST Tech Beat, 2012)
(Exhibit 3).

Functional magnetic resonance imaging, abbreviated as fMRI, measures brain
activity via detecting changes in blood flow. When neuron activity intensifies, more
oxygen will be required, thus triggering a blood flow towards a particular area of the
brain which is picked up and interpreted by fMRI. fMRI currently offers unrivaled
spatial resolution compared to any other imaging methods. Like MEG, fMRI is also
very big and expensive. Subjects must also lie down for scanning procedures to be
conducted and the uncomfortable experience may affect thinking patterns, further
adding its impracticality to be sold as a consumer device. (Rao, 2013).

Functional near infrared imaging, shortened as fNIR, is an optical technique
for also measuring the changes in blood flow, by emitting infrared light into the brain
and measuring how much infrared light reflects back to the device due the oxygen level
in the blood affecting infrared light absorbance. fNIR’s spatial and temporal resolution
are both unfavourable, even compared to EEG. However, the unique nature of infrared
lights allow for a few centimeters deeper penetration into the human skull and brain

13



tissue, and are less prone to artifacts, allowing for the retrieval of information that is not
available from EEG. fNIR is also portable and light (Rao, 2013). fNIR is a newer
addition to BCI. For this reason, no commercial consumer product has been released yet
to this date. However, some of fNIR’s unique properties have already caught the eyes of
many researchers. There are already research projects underway attempting to integrate
EEG and fNIR into a hybrid system so that they could offset the disadvantages of each
other. (Gillespie B., Shewokis P, et al., 2011)

Functional ultrasound, or fUS, is the latest addition to non-invasive brain
imaging, by emitting sound waves into the brain and measuring the time it takes to be
reflected back to the sensor. While also picking up quite a substantial amount of
artifacts like EEG, sound waves easily penetrates the skull or brain tissues, generating
much more information (but also more artifacts) that are otherwise unobtainable. fUS is
said to offer spatial resolution better than EEG while maintaining a moderate temporal
resolution. Ultrasound devices are also fairly portable, making the potential
developments behind fUS a very interesting topic to observe. (Chou T., et al., 2011)
(Tanter, M., et al., 2011)

T pE L L2 WIHREM BCI X, KVEELRICEL TWDDIEE
IETHRV, UL, BHFEEWMHAMO TN LY | MEEEHAIREOF RO
BESCHEMZIKTIETLEY, £72, FEZLSTKRKED /A XML
’C Lib\ FNEMHET H20IIT, (G SR ERFITCH N EET S

YA TIE L 9 %K %@ﬁ-ﬁﬂa&%ﬁﬂpfﬁ SNOOH 5, IHREM BCI OFHIITF
%i%@f SfERE. A b, FlEMER EOREIZEWT, ZRENOREFT &M
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Hik > EEG (electroencephalography, AMizaEt) (&, HEHROAF MR E
T 2RI OO FFHSREICEN TR | REDOHERIHEH
nNodEEINTND, EHIT, 2R MERELEHMN L Tk | BREETBClI 7
NWNAANPHN B —DIFEANEIXTEEG N AL 2725 T N5,

MEG (magnetoencephalography) & i3fsfiat CTh o5, BRIV ADBAEL
L. BROYBBIL L L TR LAEC D720, TN EHES 00 MEG Th
%o BESRIFEEFFICREIND Z 37 BERIEEIZENLOD, a A
3R < RECTHEREICRIED Y B D . FHRIITW o ORS —/V RZ B L,
HEEMTICHEFECT 2OFEFICTH LN EEDR TS, LrL, 7AU D
ENZARHEEATAFZERT Tl MEG Z /ML 2720 O e 2D TRk D . b LKL
DT UL BCI HATIC KR EREREZ LT EEb TV

fMRI (functional magnetic resonance imaging) & %, Ré& LIS RE R {5
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fNIRS (functional near-infrared spectroscopy) & T ARIM IS RE R HRE
ThO ., fMRI &R U< oMz 2805 Th 553, A TIEZR < ARIMRD
FANHENTWS, fNIRS DREEILE LS 2N E DD, fﬂﬁi* AV R
SHEBICAT 2@ AN EW =0, EEG TIXEA LI WEREZ RS OICH
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BCl & L CITA IEMD—o72 L Sh, IEREZIB TV 5,

fuS (funtional ultrasound) & (FHERERE S IRIERIECTH V| IR M)A 2
— VU T REE L THEBHBESROERWTETH D, TMRISINIRS EFRL L9
IR A FETH DL, BEEEAWDIOHEETO T EZ TS5,
DO PRFRFE D ZE S RREZ O L SN TW 5D, BRI & Ehlp e s (o
NTWAHT=D, S%OBEICHITAEELRNTHA S,

2.3 Brain Stimulation and Bidirectional BCI / B{~®O®F% & MA A BCI

So far, we have introduced many imaging methods for obtaining brain data that
can be interpreted into information or command inputs for computers. However, the
reverse is also possible, and a BCI system that is able to accomplish both is called a
bidirectional BCI. By stimulating various areas of the brain via techniques such as
magnetic fields, electric pulses, or ultrasound, it is also possible to either enhance brain
performance or even create imaginary sensory feedbacks, such as simulating the senses
of touch, taste and smell. Given the fact that every brain is unique and that we still have
yet to fully understand the various areas of this vital command centre of our body, it is
extremely challenging for brain stimulation to be done with pinpoint accuracy, and even
more so for non-invasive BCI. However, it is far from impossible, as there are already
implants and prosthetics that have successfully partially replicated tactile, visual, or
auditory senses (Rao, 2013). In a recent brain-to- brain experiments with non-invasive
technologies, researchers have successfully transmitted simple greeting messages such
as “Hola” across several thousands of kilometers of distance between 2 different brains
(Ruffini G. et al., 2014). As experiment techniques become more complicated and
mastered overtime, eventually we may be able to upload images or create fully
traversable virtual environments, completely inside our own mind like a dream.
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3. Applications of BC1/ BCI M it

There are numerous applications for BCI technologies. Based on recent
research journals, we will subjectively divide them by either near-future (5 years) or
distant future (10 years more) in terms of feasibility. The former indicates applications
that can be or are already achievable today, only pending on further commercialization
efforts, while the latter still require extensive R&D efforts and funding, but otherwise
also promising.

BClOHOLWHIHAE ZOFEICTRINTT 5, FETEHLD, 2T
NOEOEFECDOFEB e E [BIEATARNK] & EVERE] 1250 T
E)o

3.1 (Near Future) Prosthetics and Bionics / ZikE R

Prosthetics are artificial body parts that replaces the corresponding organic
limbs or organs that are damaged through natural causes or accidents. This is an active
area of research and is technologically feasible on the shorter term. Invasive BCI
techniques can be used slightly more freely in this area, as most patients requiring
prosthetics often volunteer to become test subjects, allowing for majors leaps in the
technologies. However, it must be reminded that invasive devices will require
governmental approval to be commercialized, as any slightest carelessness can cause
mishap on the patient.

The world population is aging and the demand for prosthetics will likely be on
the rise. As the world population grow older, many diseases start to surface and
gradually one loses many normal body functions. This is one of the reasons why the
forecasts for prosthetics have always been optimistic, as indicated in the following:
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1. Population over 60 by region
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Source: Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects.
The 2008 Revision; hitp//esa.un.org/unpp, acceased 13 May 2010

Global Artificial Vital Organs and Medical Bionics Market, Size and Forecast, 2010 — 2018

(USD Million)

it

2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: KOL Opinions, Company Annual Reports, Expert Interviews, Artificial Organs Journals, Investing Publications, Press Releases &
TMR Analysis

(Transparency Market Research) (Note: Detailed secondary data on market forecast for prosthetics is a paid service
and unobtainable given the budget constraints)

Unless alternative biotechnologies to prosthetics advance fast enough that
allow organs to be artificially regrown, most humans would unfortunately likely rely on
a certain mechanical aid of some sort as our physical conditions deteriorate overtime,
driving up demand for medical aids that are more intuitive to use.

AARDHLE LT, WMHRAARER SR L>oH D5, ZD7d, IEH
RAEEERRET 27O ORBERESCASAS =7 ADTHIRET HTHA 9 &
BHEMICTHEN TS, BCHEINGLDOT A 2O %2 LV fEICT 57
DOFREMEZ O TWDH N, BRE—D7D, BUFHGloE X2 SIcbEET

17



DMEND D,

3.1.1 Thought-Controlled Limbs, Bionics, Robots and Exoskeletons / i T4 2
#gK, 2Ry b, NU—FR—

Ideally, a BCI enabled prosthesis should be comparable in performance to its
organic counterpart with little input delay from the brain, and complete with all sensory
feedbacks to make the mechanical part feel like a natural part of our body The Sci-Fi
example seen from Star Wars may finally be achieved and restore many patients life
almost, if not completely back to normal.

On the other hand, thought-controlled exoskeletons or wheelchairs may also
become feasible and be able to augment many seniors’ lives back to where they once
were.

AL — s UF—RIHG LT, AR LD eEEERIZ, 5
IFETHRLELL DENERBRE-HLOETHAS, £1-. KO—HD LI
BEREAICHIECE 2Ry b, HRFRELAETHY ., BKRRARTE ST
A% DIEF 72EEZRY ZHE 5 L5 -5 THilE TldZev, BCIHiffoHERIX
INHDOEBETHEDIZIIARAIRTH D,

3.1.2 Neuroprosthetics / i > 7"tk gk

Another type of prosthetics that seek to restore damaged brain functions, which
is only made possible by the use of BCI, is known as neuroprosthetics. Some of the
patients suffering from neural diseases such as the Alzheimer’s disease or Lou Gehrig’s
disease (ALS) have long craved for such a device that can cure them via activating a
certain neural passage or bypassing the damaged links via microcomputers embedded
inside a brain implant.

PRI & 1X, IHOIRR R & CH RO T S ARHERE O HE 058 0 [
R EEIRET DI DS TH D, BIZIX., RIMBEFERAT 41— -
=% 2 TR T D ZEMEMERIREIEALS)R, FELO A2 BEZ LR
TNEAMERRAER &, MRIORKAERECTE LS T0nD

3.2 (Present - Near Future) Neurofeedback & Mental Health/ —a—BR - 74— F
N9

Neurofeedback is a type of non-invasive brain training via the monitoring of
brainwave patterns and voluntarily matching it against a certain pattern that is clinically
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observed to be more appropriate to deal with symptoms such as depression, anxiety or
etc. It can also be used to enhance calmness or clarity of thought. Neurofeedback is
growing to become a prominent industry, in part because of interests in using them as
either a rehabilitation therapy or preventive measure for numerous mental impairment
that many encounter in their daily life (BNCI Horizon 2020, 2013).

As of 2015, out of the many BCI applications, neurofeedback is one of the few
ones that is commercially available to the general crowd, via EEG headbands provided
by some venture companies such as NeuroSky, Emotiv, and InteraXon. While
neurofeedback is clinically observed to have excellent effects on many test subjects
under a clinical setting and equipments, there are some expert disputing over whether a
simple commercial off-the-shelf BCI devices really are capable of true neurofeedback.
They argue the possibility of placebo effects, when compared with the more expensive
but also more powerful clinical grade EEG devices (Exhibit 3). Nevertheless, the
demand from consumers is extremely strong, as is witnessed in some crowdfunding
platforms; often overshooting the targeted funding by a large amount (Kickstarter,
2013).

—a—8 - 74— Ry 7 L, WRF—roRtifbEz L, 22— —
DHEIOR NS — 2 R FER CTIE Sz, KV FELWESRANZ—
ATy F 7352 La2E LT, WMEREOR ELIIEX D FETH
%, 6D DEAENMEZ RS BCl 25 2015 EBIE, RANCHEEICHRIIL TR
D, HETHLERBIIBEATEDL L) IZR-> TS, TOFELEFICEILTE
V. Kickstarter 22 E D7 T 7 K77 T 4 o 7H A N TIREIZES B ZE)
ICHEZ TWHEZE RO TNS,

3.3 (Present - Near Future) Neuromarketing/ —a—0 - I—4 T4 25
Neuromarketing is the use of non-invasive BCI devices, such as EEG or fMRI
scans of different brain area to evaluate and interpret some of the emotional responses
for a certain cue such as from advertisements, with the goal of achieving a more
pinpoint targeting for marketing practices. Neuromarketing is not a new concept. There
have already been attempts of using biometric data such as skin responses and heart
rates on some test subjects to determine and predict possible customer reactions
(Fukushima, Inoue, & Niwa, 2010). However, in the face of recent BCI technology
advances and cost reductions of related neuroimaging hardware, some of these
biometrical methods are nearly obsolete, or work better in conjunction with other non-
invasive BCI detection methods (FCB, n.d.). Superficial measurements from other body
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parts alone are susceptible to external interferences such as room temperature and
moisture.

While neuromarketing is a very interesting BCI application area that is readily
doable, there are some skepticism to whether it really produces meaningful results and
uncertainties over how exactly the data can be leveraged (Harvard Business School,
2012). There is also no generally agreed study methods or software available, meaning
companies wishing to exploit neuromarketing may need to start from scratch or
collaborate extensively with other firms or institutes to determine what works the best.
Some methods such as fMRI scans are also extremely expensive and thus are
prohibitive to many marketers (Fukushima, Inoue, & Niwa, 2010). Also, business ethics
issues do exist, such as whether the detection of human emotions is really a breach of
privacy, and if fully developed, the fear of one day we may involuntarily give away
secret, or even confidential information (WBUR, 2014).

Despite the controversies and difficulties, it is a very interesting area worth
investigating for marketers of all backgrounds and across any industries.
Neuromarketing may make global marketing substantially easier by bypassing even
cultural differences and open up a new era of globalization (Harvard Business School,
2012).

Za—H =TT 47 lE, WAFT Y UREDFEIZILY . AR
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3.4 (Present - Near Future) Neurogaming & Entertainment/ —a—RB -4 —3 Y
7

Neurogaming, like its name suggests, involves the use of a BCI device to play
a certain videogame that is controlled by thoughts. This is a very promising area for
growth because of the high willingness to pay nature of core gamers who are always
looking for newer, and better interactions with computer characters. It will be a very
exciting experience to achieve previously impossible tasks such as telekinesis or magic
inside a game environment without the use of a controller.

Despite this, it is important to note that BCI devices have yet to be incorporated
into the more mainstream videogame consoles, thus neurogaming’s future success is
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dependent on the success of a current commercial BCI device, and hence its market size
should currently be viewed separately from the present videogame market. Fortunately,
the huge demand in the neurofeedback market seem very promising, and hopefully
more headbands can be sold, which in turn will also help the recognition and adoption
of neurogaming by the general crowd. Ultimately, it may become an important
gameplay element of photo realistic (known as AAA titles) hardcore videogame titles on
the console market, where most videogame players have a high willingness-to-pay for
new technologies for a completely new experience.

Za—n - = 73wy, BEE A av s FELTERDY
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3.5 (Near & Distant Future) Natural User Interface and its Future Evolution / FF
AN -A—HF—(2A—T( R

When Microsoft launched its graphical user interface Windows 3.1 twenty
years ago, it was a huge game changer. Before then, human computer interaction is
limited to command-line interface, an era when computers had an extremely steep
learning curve that only those who have majored in computer science could effectively
use them. With the new era of graphical user interface (GUI), computers finally become
accessible to the general crowd when any end user could more easily understand and
make sense of the various computer commands, thus sparking the IT revolution.
Similarly, the advent of touchscreen smartphones and voice recognition, often classified
as natural user interface (NUI), allow users to directly interact with an object presented
before them at without giving much thought or product switching cost. The trend
towards further simplification of computer interaction apparently continues to evolve
(de los Reyes, "Predicting the Past", 2008).
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= Metaphor » Direct
» Exploratory * Intuitive

Theoretically, a NUI-based user interface design should be very intuitive to use and
ultimately be able to reach a much broader range of consumers by significantly
lowering the learning curve of a new device or software. However, in reality, NUI-based
design has yet to replace its predecessor, like how GUI have almost completely replaced
CLI for the end users of consumer electronics, as tasks become more complicated and
cannot be simply displayed on a single touchscreen. Currently, the majority of the
consumer electronics’ designs are based on a combination of NUI and GUI, and still
needs a certain degree of practice or familiarization of the product — a challenge that
still exists among the elders. An adequately developed BCI interface can serve as the
ultimate form of NUI, with minimal training or practice required, since no interface can
be as intuitive as merely thinking about what one needs. Such a device may also
eliminate the tricky situation when voice recognition cannot be used or if the user
speaks with a thick accent that the device cannot understand. This can also greatly
reduce the learning curve or training cost of a previously very sophisticated equipment
such as an airplane, saving millions of dollars that are often required for labour training.

In the distant future, we may have advanced so far past NUI and that a certain
type of machine or brain-enhancing device become essentially part of our daily life,
augmenting our brain power and accomplishing something previously impossible. There
is currently no term to describe such a new interface, in this paper we will invent a new
term “Augmented Trans-human Interface” (ATI), for use in our roadmap in Part I1.

» Codified * Metaphor » Direct
» Strict * Exploratory * Intuitive
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3.6 (Distant Future) Immersive Virtual Reality (VR) / /A\—F ¥ LY 7 U T 1126
+% M

The concept of virtual reality via computer generated images is nothing new.
Applications of virtual reality in numerous areas, especially in military hardware when
pilots spent hundreds if not thousands of hours in simulators to familiarize themselves
with the simulated counterpart of the equipment they will need to rely on the battlefield.

One important design aspect of VR is the concept of immersion, the sense of
feeling “present” in an artificially generated world. Such a design makes it easier for us
to connect the dots and make sense of, which has great potential for a satisfying and
unforgettable experience (Max-Planck-Gesellschaft, 2015), which is beneficial for
numerous applications such as advertising, entertainment, or education.

In the far future, when humans have finally mastered the technique of BCI and
become capable of both motor and sensory control and stimulations, a Matrix-movie
styled, fully immersive bidirectional BCI virtual reality may finally be realized.

EWARRETIEIH D0, WT LG BClI OMFERER, <~ Y v 7 R
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3.6.1 VR as a Complement to Advertising / JA45TEBI DT

Online advertising has seen tremendous growth over the recent decades.
According to eMarketer, firms in the US alone spends roughly $36.8 billion on online
and mobile ads combined, and is projected to rise to as high as $61.4 billion by 2017.
However, if taken to a global scope, it is safe to say that even the most optimistic market
projection is likely to be a humble estimate of the future’s reality, when we take into
considerations of how fast emerging countries industrialize themselves and the demand
for IT products continues to grow.

US Mobile and Online Ad Spending Forecast

(US$ billions)

2012-2017
Online ad spending (total)
. " $61.4
® Mobile ad spending $57.3
$52.5
$47.6
$42.3
$36.8
2012 2013 2014 2015 2016 2017

& ARKETINGCHARTS.COM

Source: eMarketer

Conventional advertisings have their limitations. The most obvious barrier
being that users can hardly try the products before they actually buy them, leading to
significant challenges in advertising and design efforts in order to convince the targeted
consumers of this asymmetrical information. To partially alleviate this, firms rely on
sampling at physical stores to let buyers experience the products. But not everyone is
fond of going outside just to try something they want to buy, not to mention that not
everything is available for trial. Yet on the other hand, online shopping alone is risky to
some, especially in places where refund and exchange policies are rather strict or
limited. With a VR environment coupled with simulated senses, users will be able to
shop through virtual malls and sample through everything before deciding on what to
purchase.

T AV BIZBITSH%y MEGETSHIE, 5% bRELTH H D& TH
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24



—H. AVE =3y MNEERRTER EICB T 2R ROMEIL, LD
OB ELEHEOEIZLDIAREFEAMED Y X7 ThHDH, LinL, BEF 7L
EEEICED EWVOIRINEIa A REnD . BEWKE O R 70 b, £
T, BClI THAADAT W AR X% I 2 L— FTE UL, b ORE
EREICHRCTE D THA D,

3.6.2 VR as Education / VR #&

As was mentioned earlier, the earliest applications of VR stemmed from
military applications such as flight simulators, it is quite obvious that it serves well in
other educational purposes. In the case of an even higher degree of simulation only
made possible by BCI, there is a potential to make teaching more efficient and
entertaining. It is common knowledge that mere texts, drawings and photos alone are
often inadequate to convey the entire picture and scope of the topic; not to mention how
some students find it boring to learn from something lacking in interaction such as a
textbook.

For example, consider students studying in a history class about the
Renaissance era of Italy. With a traditional teaching approach, the professor can only
assigns students with long texts and some drawings to the students in order to properly
communicate the course materials. If he / she can bring students to a fully immersive
and interactive virtual environment, complete with all sensory stimuli such as taste,
smell, touch, and visual cues, it is not hard to imagine that this will likely arouse more
curiosity and interest among them, motivating them further. (Max-Planck-Gesellschaft,
2015)

VR IZ &k 2 RAEBR 1T, HBEICHEILHSOTHAH, FEL LT, LFEP
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3.5.3 VR as Entertainment/ VR = # 5 A L A b

Video games have always been the closest commercially available form of VR
in an average household. Within only the recent 30 years, computer graphics have
evolved from simple 8-bit pixel games into breathtaking, photorealistic 3D environment
that can be traversed with an avatar via the use of a controller, and this trend is expected
to continue. While the industry remains strong and profitable with a $21.5 billion
market in the US alone, there has been a slight decline recently (NDP Group, 2014),
which can be attributed to a variety of complicated reasons, such as players growing

Total Consumer Spend on Games Industry 2013
DOLLARS IN BILLIONS

Accessories

$1.88

TOTAL:

Hardware

Content

Source: The MPD Group/Games Market Dynamics: LS.

171 167
15.2 154

Combined Dollar
Sales (shown for
2010 — 2013)

[l Other Delivery

55 Formats™*
A3
38
22

I Computer Games
Video Games

2003 2004 2005 2006 2007 2008 2009*  2010% 2011  2012* 2013

Source: The NPD Group/Retail Tracking Service; Games Market Dynamics: U.S.
* Figures include total consumer spend
** Other delivery formats include subscriptions, digital full games, digital add-on confent,
mobile apps, social network gaming and other physical delivery. 2003-2009 figures are
sales of new physical content at retail exclusively.

tired of repetitive game designs, the anticipation for the release of new hardware, or
declining in willingness to pay and embracing of free-to-play model. Nevertheless, it
remains stable and player preferences can be split into 4 groups: casual gamer, semi-
causal/family gamer, semi-core gamer, and core gamers, based on preference towards
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game complexity or immersion, versus the willingness to pay either money or time to
playing, or learning to play them.

Preference towards Complexity or Immersion

Semi-Core

Willingness to pay
($ and/or time)

~ Semi-Casual/ ‘ Py
Frequent
Cash Shop
User/Family
Gamer

Ideally, a BCl-enabled game should provide the highest degree of simulation of
something impossible in reality, yet complete with all sensory stimuli to make it seem
real in a player’s mind. For example, let us imagine that a player can fly and fight like
Goku from Dragonball, where in the virtual world the player can “sense” that he/she
moves much faster than an ordinary human can, while striking his/her opponent with
special moves such as “Kamehame-ha” and “feel” the shockwave of launching such a
chi-blast. If this ever comes true, the ultimate form of immersion, something core
gamers seek the most, is enhanced to a revolutionary degree and will continue to engage
many heavy gamers even in the far-future. On the other hand, the natural and intuitive
experience of such a video game system may also convert some other consumer groups
into preferring complexity or immersion, adding further longevity to the industry.
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4. Ethics, Risks and Impact of BCI / BCl D REEREIEAY R &
Like all great life-changing technologies such as the internet, BCI also has
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many of its own ethical considerations that may trigger an outcry for a stricter
regulation, hampering its development.

One such risk, as was mentioned in neuromarketing, is the breach of privacy.
Ever since entering the internet digital age, there has already been an endless of troubles
and lawsuits surrounding privacy issues on websites such as social networks. With a
mind-reading device such as BCI, one can easily argue that the likelihood of these
issues will become even more complicated. This is especially true as the accuracy of the
information or resolution of BCI devices continue to increase over time.

Also, the potential nature of a bidirectional BCI device may hint at the
possibility of companies or a certain malevolent 3™ party to upload a certain unwanted
information into our brains, achieving effects similar to mind control or forced
advertisement. Also, the risk of being brain-hacked may also arise as a new form of
cybercrime where valuable private information become stolen via BCI devices
connected over the internet and targeted by hackers, with no way to protect them. (Rao,
2013).

In the distant future, if full immersive bidirectional VR is indeed achieved by
BCI technologies, we then also have to revisit an age old fundamental philosophical
question: what is reality? As technologies progress, the boundary between reality and
fake may ultimately become shattered. It is possible that there would be a group of
people who would prefer to stay inside a VR environment forever that provides more
satisfaction via virtual goods or granting us superhuman abilities in another world. This
could result in the rejection of one’s real-self for numerous reasons, such as the
discrepancy of lives between the fake and the real.

Our understanding of neuroscience and BCI may progress so far in the future
that choice and freewill become irrelevant because we are free to manipulate them at
will; we will just “correct” those individuals who have radically different opinions that
the norm consider “unwanted”, to create an “equal and harmonious” society. Even
worse, we cannot rule out the possibility of a brain damaging “virus” or “hacks” that
may cause harm to our nerve systems, similar to some sci-fi cybercrime movies. Also,
the necessary evil of lying may also become impossible and cause huge social havocs.

Even if we are able to avoid all the immoral abuse of BCI, humanity’s crave for
materialism, one of our source of creativity and drive behind our diligence, may vanish
in a very devastating way with the advent of an increasingly indistinguishably VR
environment. While the companies that produce the devices may remain profitable,
retailers, for example, could particular be at danger as there may be less motivation for
consumers to buy real world goods when everything can be modeled into VR objects
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and enjoyed in the virtual world.

Or does it? After all, what is available exactly in a VR environment are still be
at the hands of the merchants. It is very unconvincing to assume that they will fail to see
the risks of sharing everything virtually. They are still free to program the magnitude of
simulation and perhaps could even exploit this to their advantage and promote how
physical goods are even better than the “toned-down demo” in the VR world. Also,
unlike Matrix, we will not be forced to live in a virtual world; as long as we are aware
of the true world we live in, it is difficult to imagine that we would lose our materialism,
given that virtual world does not give true satisfaction of ownership. While a fully
immersive VR environment is difficult to imagine given today’s technologies, there has
currently been few cases (if any) where digital data completely replaced physical goods.
Although many firms indeed go out of business in the face of radical technological
changes, the truly competitive and flexible firms tend to find ways to exploit both the
new technologies and the resources readily available to provide new innovations or
customer values. An example of this phenomena is the current shift of department stores
into an omni-channel retailer, where the virtual and physical stores co-exist and
encourage its loyal customers’ bilateral movement and usage.

All technologies can be immorally exploited, but the reason that have allowed
humanity to dominate the world is our adaptability. Humans have undergone through
too many difficulties and tragedies as new technologies emerge, yet humanity still
stands and continues to thrive and continues to dream big. The pessimistic thought of
one technology bringing doom to the entire race is arguably even more unrealistic.
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5 Summary / < 1)—

So far, we have introduced and explored the some of the basic knowledge of
BCl, and their potential applications and dangers. At this point, it is not difficult to
notice how the possibilities of BCI is endless. Applications are only limited to
individual imagination, public reaction, or governmental regulation. Companies that
master BCI technologies likely will be able to dominate across various business sectors
and grow into a new business empire, very similar to how Google, Apple and Microsoft
winning a landslide world dominance in their products.

However, going back to section 1, it is observed that despite all of these
potentially lucrative areas for exploitation, the current reality is that not many large
corporations are known to be actively investing in BCI technologies, not even
collaboration projects. Currently, most of the commercialization efforts remain
dominantly at startup or SME companies. This is peculiar considering how much more
resources large corporates have. And how we, as consumers and end users, often look
up upon and ask large corporates to take responsibilities in leading humanity’s quality
of life into a new chapter, with state-of-the-art technologies and services. Yet, it is the
poor who have taken the first initiatives, like how Steve Jobs and Bill Gates had done
almost 30 years ago. Can we argue that maybe history is repeating itself? In Part I, we
will investigate further on this matter.
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Part 11
A Closer Observation of the Current BCl Market
Why is BCI currently dominated by venture startups?
“The advantage of being a startup is the ability to take the high-risk/high-
reward path without having to justify our actions to the public markets.”
(InteraXon, personal e-mail interview, 2014, see Exhibit 2)

6. Research Background / AR E R

The current BCI market is dominated by venture companies as opposed to large
corporates. Going back to the original intent of this paper, this situation is not very
favourable. Considering the amount of resources large corporates have at hand, and how
BCI have a very high likelihood of benefiting across numerous business sectors, it makes
little sense for large companies to stay out of BCI. To alleviate the situation, we will
examine the current market closer, postulate some plausible reasons of why corporate
efforts are lacking, and devise a plausible investing roadmap of BCI and suggestions to
companies based on recent research trends and existing business frameworks.

BCl AR D W[ HEME 215 U A X OEFH IR FARZED BCHITXTT 5%
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7. Data Collection, Global BCI Research Trends, and Case Study / T—% . BCI &
RELUF, F—RRE T«

Exhibit 4 shows a list of BCI related R&D journals that are collected from the
websites ScienceDaily.com and Neurogadget.com, from 2005 to 2014. It is separated into
4 different categories of applications: neuroscience, prosthetics, neuroprosthetics, and
other. The rationale behind this categorization is, despite the promising growth forecast
of the prosthetics and neuroprosthetics industry, much of its applications are likely to be
invasive and thus they may not form a knowledge base that is immediately usable by
other non-biomedical equipment companies who are seeking for other novel applications
of BCI to either accommodate existing products or to cause a radical innovation.
Fortunately but also unsurprisingly, applications and different research ideas are scattered
somewhat evenly and is not overly concentrated in invasive (neuro-)prosthetics industry,
proving our point from Part | that BCI’s applications are endless and every single day
new discoveries and innovations are made. On the other hand, this categorization is also
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used to test whether BCI prosthetics is a research area that only a handful of countries are
committed to, which is clearly false. This is important because, although unfeasible to the
general crowd, an intuitive and aesthetically pleasing prosthesis make for an excellent
visual impact to the mass and serve as a great advertisement for the whole BCI industry.
With the entire globe pooling its talents to prosthetics and some even have working
examples, it is safe to argue that an eventual BCI prosthesis is not far out of reach and
likely will be available within only a few years, pending agency approval, and various
countries may readily have the knowhow to quickly absorb the knowledge from
elsewhere. This also hints a prelude to a fierce competition of BCI race in the future, once
the general crowd become fully aware of BCI technologies.

It is clear that the United States dominates the whole world in every areas of
research and commercial efforts, due to the Obama government’s approval of the BRAIN
Initiative in 2013. BRAIN is a 10 year project with a budget of $300 million per year that
seeks to map every single area of the human brain (The New York Times, 2013). BRAIN’s
announcement apparently has a very strong promotional effect for various areas of
neuroscience applications (Exhibit 1). Japan follows the United States in terms of total
active BCI projects, but falls short on venture startup, with the 2" and 3™ place of most
venture projects taken away by Australia and Canada respectively. Furthermore, for
ethical reasons, it is claimed that there exists a considerable amount of resistance in
conducting invasive BCI researches in Japan (Exhibit 3), which explains the lack of BCI
prosthetics research in the country.

One observation worth noting is the number of venture efforts in Australia and
Canada. Together with the United States, the 3 countries all have English as a major or
an official language. Considering the fact that the business model of IT venture capitals
originated from the United States (Exhibit 2), and the fact that the United States have the
most venture capitals of all in the world, English speaking countries having an edge on
fundraising is not overly surprising. However, what must be reminded is the possibility
of sample selection bias. Venture companies such as NeuroSky, Emotiv, and InteraXon
have seen excellent successes in the recent years, and are extremely active and vocal to
demonstrate who they are, possibly resulting in a more bloated media coverage over their
partnership deals. It must be emphasized that the data presented in Exhibit 4 is not an
indicator of how many venture companies there are, but rather how active venture efforts
are. Nevertheless, the original core question remains unchanged, as there is only a
disproportional amount of large firms pursuing BCI.
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BNCI Horizon 2020, an EU funded research project by Graz University of
Technology, is also seeking to bridge the gap between companies and BCI technologies.
Their findings have also reached a very similar result over the inactivity of large firms,
out of a selection of 148 BCl-related industry stakeholders from EU and North America

(BNCI Horizon 2020, 2013):
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Figure 2: Company size of the BCI and BCI-related industry stakeholders arranged by group
sectors. Percentage of companies classified by company size: large enterprise; public (non-
profit); small to medium companies (SME); and startups.

* Retrieved from BCNI 2020.

“The final BNCI industry ecosystem database is
composed by a sample size of 148 BCI related
industry stakeholders. Following homogeneity
criteriain terms of target users and market
segments, we grouped these 148 BCI-related
industry stakeholders into the following sectors:

1. the BCI sector with 65 companies;

2. the automotive and aerospace sectors altogether
composing 7 BCI-related industry stakeholders;

3. the medtech, rehabilitation and robotics sectors
altogether composing 46 BCI related stakeholders;

4. the entertainment and marketing sectors
altogether composing 10 BCI-related

industry stakeholders; and

5. the technology sector comprising 20 BCI-related
industry stakeholders.”

Notice how the large firms in automobile and aerospace industry is comprised of almost
100% of the sample size. Considering that automobile and aerospace’s high barrier to
entry and that most of them are industrial giants, it is not too surprising why there are no
SME or start-up firms engaging in BCI in the automobile & aerospace industry. On the
other hand, this is consistent with the data collected from exhibit 4. Auto firms such as
Honda, Ferrari, and Nissan / Infiniti, all have expressed interests in BCI for various
applications into cars and are actively pursuing them (Exhibit 4).

While the technology sector seemingly have paid adequate attention to BCI
based on BCNI 2020’s findings at a quick glance, considering the sheer amount of
existing technology enterprises and how rapid technologies and innovation becomes
obsolete making new entries easy, a sample size of 20 for the technology sector seem far
too low and may indicate that there is indeed still much misunderstanding or
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obliviousness towards BCI.

Now that we have studied the larger scope of the whole BCI market, it will be
interesting to look at a smaller scope on how some of the successful BCI venture
recognized and captured their own share of opportunities and decided to move earlier than
anyone else. What do these leaders have in common, and what can corporates learn from
them to better leverage on the sheer amount of possibilities that BCI can bring in the
future?

BCI Venture Companies Case Study

As of 2014, there are already many startups trying to exploit BCI
technologies. Some focus on toys, some develop neuro-videogames or
smartphone apps, some try to provide neuromarketing solutions, while some
focus on wearable technologies. The options are extremely varied. However,
out of all the different applications and existing startups of BCI, 3 companies
received the most attention from media coverage and investors — NeuroSky,
Emotiv, and InteraXon, situated in the United States, Australia, and Canada,
respectively.

NeuroSky

NeuroSky was founded by Stanley Yang in 2004, located in Silicon
Valley, San Jose, California. NeuroSKy is currently arguably the most
famous due to its involvement in many interesting and successful novel toys
using brainwave technologies.

Stanley’s Background, Pre-NeuroSky

Stanley Yang was a Taiwanese-American who immigrated to the
United States at a young age. Stanley is a fanatical Star Wars fan who
admitted that he thought many of the movies’ technologies and “The Force”
were real in 1979 and was dismayed to know that they were special effects
as he grew older. This however sparked his interest in IT technologies and
he would later graduate from the University of Berkley with an engineering
degree. Upon graduation, Stanley joined Xilinx, then a startup company by
Bernie Vonderschmitt. Stanley quickly noticed that he was sort of lazy and
did not suit an engineer job well.

\Vonderschmitt one day called Stanley and told him he should become
a manager of the engineering team. In 1997, Vonderschmitt felt Stanley’s
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potential as a business leader and encouraged him to found his own
company by providing him with 1 million USD. Stanley then founded
Triscend, a company that focused on SOC (system-on-chip, a type of
embedded systems) design, which would later be bought back into Xilinx in
2004.

After Triscend’s acquisition, Stanley resigned from Xilinx and had the
opportunity to meet an anonymous neuroscientist who worked on brainwave
technologies. The professor introduced to him with an EEG helmet, wired
with many electrodes, which could move a radio car by thoughts. He asked
Stanley if it was possible to commercialize the device. Stanley responded
that the helmet must be less cumbersome and simple to use to ever be
commercially successful. This event, coupled with Stanley’s dream about
“The Force”, was a tipping point for the founding of NeuroSky in the same
year of 2004.

Stanley at NeuroSky

In 2006, the company received their first major funding. Stanley’s
previous involvement with 2 startup companies had blessed him with an
edge in negotiating with shareholders and he was fully aware of their
demands. Stanley quickly went to Star Wars director George Lucas and
discussed ideas about a novel toy that uses BCI technologies. His strategy
was obvious. He wished to affiliate BCI technology with something popular
so anyone can quickly and intuitively understand its concept. Fortunately,
Lucas adored the idea and gave him the permission to do so. In 2009,
NeuroSky successfully released their first working product, the Star Wars
Force Trainer under the partnership and brand of Uncle Milton Toys.
Children wearing a simple, bundled BCI device can control a ball’s motion
by concentrating their thoughts to control the speed of a fan blowing
underneath it. The toy was a major hit and successfully opened the very first
chapter of BCI’s commercialization to the mass market.

NeuroSky would later also partner up with toy maker Mattel to
produce another successful toy, the MindFlex , under Mattel’s brand. The
product was well received and was named the Top 100 Most Influential
Toys by the Time Magazine. NeuroSky also released the MindSet
multimedia device and its SDK (software development kits) for other
companies and academic institutes. NeuroSky also helped other companies
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integrating BCI into product prototypes, or help process the brainwave
signals into computer commands, accelerating BCI’s research and
introduction. B2B and OEM activities currently form up the majority of the
company’s revenues. ({7 iF(< 222 Hf, 2012) (MIT Media Lab,
Diversity@ML, 2013)

NeuroSky’s Recent Activities & Stanley’s Visions

In 2011, the company released their first consumer product under its
own name, the NeuroSky Mindwave, a direct successor to the Mindset, at a
price of $79.99. Similar to its predecessor, the product also had its SDK
released, allowing curious end-users, individual developers or low budget
researchers to come up with their own ideas to further popularize BCI
technologies.

In 2012, NeuroSky partnered with Neurowear, a Japanese project
organization, to release arguably one of their most viral BCI product, the
Necomimi. Necomimi was a type of wearable cat-ears that automatically
moved according to the user’s brainwave patterns or emotions for cosplay
uses. The toy was a huge success, securing a sizable amount of revenue for
NeuroSky.

Today, NeuroSky is very actively participating in many IT exhibits to
communicate who they are and what they do. NeuroSky also partners with
many other software or game companies and hosts a variety of both 1 and
3" party apps and games for the MindWave in an e-shop accessible from
NeuroSky’s website.

Like its competitors, the company is currently especially interested in
the field of neurofeedback, to improve the quality of life via the
visualization of brainwave patterns.

Stanley Yang’s long term vision for NeuroSky is simplicity and
intuition of use. While jokingly claims it being because of his laziness, he
firmly believes that many current IT products forces consumers to conform
to machines rather than they conform to us, given the complexity of learning
a new equipment. With BCI, Stanley has high hopes of someday making the
usability of any devices as simple to use as possible, while also eventually
open up new opportunities to achieve what was previously impossible. (MIT
Media Lab, Diversity@ML, 2013) (Neurogadget, 2010-2014)
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Emotiv (previously Emotiv Systems)

Emotiv was founded in 2003 at Sydney, Australia, by Tan Le, a
Vietnamese-Australian who immigrated to Australia at the age of 4 as a
refugee, along with co-founder Nam Do, a passionate Vietnamese
information technology student turned expert who met Tan when he was fresh
out university, and Professor Allan Snyder, a leading pioneer in fibre optics
and neurobiology who was awarded the Marconi Prize in 2001, an honour
next only to the Nobel Prize (Freedman D., Inc.com, 2008). Emotiv is the
more “geeky” company of the 3. Emotiv EEG devices tend to feature the most
EEG sensors compared to other commercially available EEG products. This
in turn also makes it arguably the most powerful product available off-the-
shelf, albeit at a higher price.

Tan’s Background, Pre-Emotiv

CEO Tan Le’s early days were very rocky. At the age of 4, her family
and relatives secretly fled Vietnam in 1981. Running out of fuel and low on
rations, their ship floated over South China Sea, awaiting the seemingly
inevitable death. Yet by a sheer miracle, a British shipping tanker sailed past
them and rescued Tan and her families, who later dropped them off at
Malaysia and provided assistance in applying for immigration as refugees into
Australia (Freedman D., Inc.com, 2008).

With the Racial Discrimination Act only recently passed by the
Australian government in 1975, the general Australians were hardly very
tolerant of foreigners during Tan’s earlier years in Australia. In one of Tan’s
TED speeches in 2011, she mentioned seeing many graffiti paintings with
unwelcoming messages such as “Asians Go Home”, a luxury that Tan did not
have. For this reason, Tan had stiffened herself and decided to eventually
bypass all of them (Tan Le: My Immigration Story, 2011).

Tan was indeed an overachiever. At the age of 16, she entered Monash
University, one of the most prestigious institutes in Australia, to practice
business and law. In 1998, at the age of 20, Tan earned Young Australian of
the Year from the Australian government, making her a public celebrity which
opened up opportunities to meet many scientists and entrepreneurs, one of
which included Allan Snyder, with whom Tan established contact with.

Upon graduating, she was hired by a very prestigious law firm in
Australia, but only to find that those scientists and entrepreneurs she had met
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earlier greatly inspired her to be part of the revolutionaries, re-shaping the
world as they see fit. She quit her job and later met Nam Do, with whom she
would later co-found SASme International, and successfully stuck a licensing
deal with Telco Systems for a mass text messaging software. The software
was a success and secured a substantial amount of personal wealth for the
duo. In 2003, Tan and Nam sold SASme to an anonymous company, dreaming
of something even bigger (Freedman D., Inc.com, 2008).

The duo went to Professor Snyder’s house for inspiration. Professor
Snyder proudly demonstrated his latest works on non-invasive brain
stimulations using magnetic fields, and numerous other BCI gadgets,
claiming how the world of human-computer interaction failed to capture and
leverage on human emotions — a driving force behind all the tasks humans
do. The trio grew more and more inclined about bringing the technology to
market. Along with the help of chip designer Neil Weste, a friend of Tan who
had recently sold his company for billions to Cisco, the 4 partners have all
decided to found a new company, Emotiv Systems, with the determination to
bring emotion back into computers (Freedman D., Inc.com, 2008).

History of Emotiv

With 4 successful partners, there was no shortage of startup and
operating capital for the new company. However, EEG sensors and software
at the time simply were not designed to detect emotions or brain commands.
They needed to start from scratch by deriving and solving the equations for
the brain signals of human emotions. Emotiv hired numerous mathematicians,
signal processing experts to decipher the daunting task at hand. To cut R&D
costs, Emotiv also hired numerous university graduate volunteers, who
happily joined Emotiv’s cause in exchange for a resume entry that could claim
that they have worked on cutting edge technologies.

By 2004, Emotiv finally have completed most of their work and quickly
filed 25 patents for their accomplishments. The group successfully tested their
creation for detecting the emotion of excitement while watching movies, and
agreed that everything was worth the efforts. All Emotiv employees had
confidence that they will succeed. The founders expanded their ambition and
envisioned something marketed towards the mass market.

In 2008, the landslide success of the Nintendo Wii worked in favour of
Emotiv’s grand scheme for a consumer product. Videogame players were
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usually very early new-technology adopters with a high willingness to pay,
making them an excellent target for gaining traction in the market. Having
spent 4 years to hone the technology, Emotiv decided to unveil a prototype at
the 2008 Game Developers Conference. Unfortunately, technical difficulties
cut off the devices connection with the computer, and Emotiv lost its chance
of giving gamers all over the world a great first impression. Nevertheless, of
those individuals who eventually tried the prototype at Emotiv’s booth were
all convinced that the technology would someday be a hit, which greatly
boosted Emotiv’s confidence.

In 2009, Emotiv finally released their first EEG head set, the Emotiv
EPOC. With 14 EEG channels, it was a much more powerful device compared
to competitors. At a hefty price tag of $399.99, EPOC was arguably more
intended for developers or low budget research uses. EPOC’s sales have been
favourable, with no less than 5,000 units pre-ordered by various curious
parties. The company was also in financial good shape, having just raised
$13.4 million in 2007 from 3 venture capitals and also governmental subsidy
from the Australian government. Emotiv was more than ready to march into
the 2010s (Freedman D., Inc.com, 2008).

Emotiv’s Recent Activities & Tan’s Visions

In 2011, the company apparently has changed its name from Emotiv
Systems into simply Emotiv, as the founding year of the company currently
shows 2011 on Emotiv’s official website. No information behind this change
has been available.

Recently in 2013, the company unveiled its new, 5 sensor EEG headset,
the Emotiv Insight. With a sleeker and more stylish design in addition to better
usability in mind, it will be priced competitively at $299, competing directly
with the InteraXon Muse in the neurofeedback mental health care market. The
company also launched a Kickstarter $100,000 campaign for Insight,
promising to add additional features such as a gyroscope if they reach $1
million raised. The campaign ultimately raised a total of $1.6 million, way
beyond its original target, indicating a very promising start (Kickstarter,
2013).

Like NeuroSky, Emotiv also releases SDK for their products and
maintains an online e-store for third party apps or games.

In 2014, Accenture and Philips announced a partnership with Emotiv,
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intending to improve the lives of ALS (commonly known Lou Gehrig’s
disease) patients. The project will grant the patients more freedom, such as
the ability to control tablet computers with eye movements, calling for
assistance, and turning on TVs (Neurogadget, 2014).

Tan and her Emotiv colleagues envision a world where human beings
finally can unleash the powers of our brain and fully utilize it for tasks that
have not been possible previously. The recent IT world’s fierce battle over
wearable technologies present excellent opportunities for the company. To
one day achieve their vision, Tan seeks to further democratize and
decentralize brain research from clinical settings into individual
environments, achieving mass recognition, and market penetration, to
accelerate brain research for a better future (Foege A., JWT Intelligence,
2014).

InteraXon

InteraXon is a Canadian BCI company situated in Toronto, Canada. It
was founded in 2007 by fashion designer and neuroscientist Ariel Garten,
along with her best friends, entertainment industry expert Trevor Coleman,
cool gadget designer Chris Aimone, and joined by her next door neighbour
and EEG enthusiast James Fung, and finally Professor Steve Mann, widely
known as the “father of wearable computing”. It is a much smaller company
compared to the others but has great potential. Out of the 3 BCI ventures,
InteraXon’s 4 EEG sensor $299 headset, Muse, is arguably the most
unobtrusive of them all and clearly had been designed with daily life and
prolonged use in mind from the very start. Despite InteraXon being a very
young company compared to the others, it has gained extensive media
attention and is very fast-growing.

Ariel’s Background, pre-InteraXon

Ariel is the daughter of Vivian Reiss, a famous oil-on-canvas painting
artist. Greatly influenced by her mother, Ariel is also highly interested in arts
and fashion and a capable artist, albeit at a different twist — via the
integration of multimedia technologies (The National Post, 2003).

Having studied and graduated with a degree in neuroscience, Ariel was
no foreigner to EEG technologies and psychology, and was already fascinated
by the technology very early on. (The Blueprint, 2013)
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Upon graduating from University of Toronto in 2002, she founded her
own clothing boutique, Flavour Hall, designing unique clothes that combined
technology and psychology.

3 years later, Ariel could not forget about her interest in neurosciences.
She closed down the boutique and partially worked as a psychotherapist,
helping clients deal with anxiety.

In 2007, dreaming of working on something more cutting edge on
neuroscience applications, she reunited with her friends, Trevor and Chris.
Together with her next door neighbour, then EEG PhD student James, the
group went to Professor Steve Mann for inspiration. The quintet soon arrived
at the interesting idea of a wearable, quality of life enhancing EEG headband,
giving birth to InteraXon in the same year. (The Blueprint, 2013)

History of InteraXon

In October 2009, InteraXon successfully entered talks with the
Canadian government over a project that no one has ever tried — to control
the Olympic lightings on the CN Tower, Niagara Falls, and the Canadian
Parliament Buildings for the 2010 Vancouver Winter Olympics Games with
people’s minds, from Vancouver. The project was a huge success, securing a
sizable amount of fame for the little company. Business talks and
opportunities soon rushed in.

Eventually, the company decided it was time to move according to their
original plan of a consumer BCI device. InteraXon successfully raised a
crowdfunding campaign on Indiegogo.com in 2011 for the Muse, with an
original goal of raising $150,000. InteraXon ultimately secured near double
of that amount, receiving a very generous $287,000 fund from enthusiasts all
over the world (The Blueprint, 2013) (CTV News, 2012).

InteraXon’s recent activities and Ariel’s Vision

The successful crowdfunding not only solidified Ariel and her
colleagues’ confidence levels; it also attracted the interest of many investors.
In 2013, the company successfully received $6 million worth of capital from
various venture capitals (Venture Beat, 2013). The company’s outlook looks
bright.

Like its rivals, InteraXon has been very actively attending numerous
exhibits such as Consumer Electronics Show (CES), to showcase what the
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technology can do. Following a few delays, the Muse was released on 2014,
complete with SDK.

Currently, the company does not seem to feature its own e-shop to host
apps and games, as most of their applications are only found in established
stores such as Google Play or iTunes App Store.

Consistent with her background as a psychotherapist, Ariel currently
envisions BCI neurofeedback headbands becoming an integral part of our
daily life, with people paring it with portable devices such as smartphones
and bring it to work to increase productivity or stress relief.

However, it must not be forgotten that BCI’s applications are not limited
to neurofeedback. InteraXon has also demonstrated an array of miscellaneous
gadgets controlled by thoughts, the future strategy of the company remains
very interesting.

Others

While we have only introduced the 3 most prominent BCI venture
companies, by no means they are the only ones. IMEC, a joint project team
between Netherlands, Belgium plus numerous other EU countries, had also
expressed interest in the consumer BCI market in 2011. (Neurogadget,
2011)

Also in Japan, interests in BCI technologies has also recently arisen,
following the Japanese government’s aggressive effort to rival the United
States BRAIN Initiative in exploiting neurosciences. For instance, with
direct funding and partnership with Digital Garage, the Japanese advertising
giant Dentsu has reached Associate Professor Mitsukura of Keio University,
the mastermind behind the Necomimi Project, to establish a subsidiary
company called Science Jam (Internet Watch, 2013). Although not much
information is known about Science Jam, one can speculate that Dentsu’s
ultimate goal is likely neuromarketing, for precision targeting of
advertisement audiences, considering Dentsu’s background.

Taking a closer look at the story behind Stanley, Tan, and Ariel, the following common
characteristics can be found:
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The 3 Venture Leaders

Taiwan

Birth and youth background Vietnam Canada
Immigrated to US at a very Immigrated to Australia as a Daughter of oil-on-canvas
young age. refugee artist Vivian Reiss
Australia’s 30 most successful Top 40 under 40 by UoT
women under 30 (2001) Magazine (2004)
Past start-up experiences Xilinx. Inc (venture at that SASme (Co-founder and Flavour Hall (founder & CEO)
time. Worked as an engineer manager)
and manager)
Triscend. Corp (founder &
CEO)
Educational Background Electrical Engineering Law Neuroscience
Psychotherapy
Source of Passion & Vision -Star Wars fanatic -Do something radically different -High tech media-art artist
-Laziness turned into over standard Asian -Fashion designer
innovation conformism. -Enhancement of quality of
-Electronics should learn to -Democratization of brain life
conform to us, not the other research from clinical to anyone -Brain device becomes an
way around -Unleash our brain power integral part of our life

e All three have had extensive high tech startup experiences and may have
accumulated some wealth already. It is especially obvious in the case of Emotiv’s
founders.

e All three have gone to and met a university professor of BCI for inspiration some
time in their life.

e All three are very passionate leaders, with a firm and clear vision.

e All three speak English, and are from countries with a diversified ethnic
composition.

e At least two of the companies have founders of diverse educational backgrounds.
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Taking another closer look at the firm or product level, these common trends can be

observed:

Year Founded
CEO
Location

Business Model

Flagship Devices &
Price

Number of EEG Sensors

2004
Stanley Yang
San Jose (Silicon Valley), United States
B2B (BCI solutions) and B2C

NeuroSky MindWave ($79.99)

Simple. Cheap. Novel toy & entertainment.

2003
Tan Le
Sydney, Australia
B2B/C (EPOC) and B2C (Insight)

Emotiv EPOC ($399.99)
Emotiv Insight ($299.00)

14
5

EPOC — Low-budget research /

2007
Ariel Garten
Toronto, Canada

B2C

InteraXon Muse ($299)

Market Positioning g developer Neurofeedback. Fashionable. Daily Use.
Ll ol et Insight — Consumer. Neurofeedback
Software Development Kit YES YES YES
: No (EPOC)
Used Crowdfunding No Yo (nsiaht) Yes
N —
mindusave A

e All three companies have released a software development kit (SDK) for their
product(s).

e All three come in the form of a headband.

e All three have expressed interest and are actively pursuing the neurofeedback
market.

e The price and specifications of BCI devices are more or less equal for 2 firms.

e Two firms have similar number of sensors for their consumer product.

e Emotiv and InteraXon both have successfully made use of crowdfunding.

With these common factors in mind, we will seek assistance from existing business

frameworks to answer why corporate efforts in BCI is currently very limited.

HREE 4 Tk, B¥==2—AY¥ A1 I, ScienceDaily X T'BCI %~ = v
MZRHE L72 IT == — A ¥ | Neurogadget & C#HitTd % 2005-2014 4F F£ T
DO BClI LBHET AFRFEE Yy 7 T v T L, BTITA XL D THD, fi%k
PiES O &, T AU BIIMEHER O BCI Biffi 2 EZ et 3G & L, 5K
D& Z A L7Z BRAIN Initiative 21581 L, & 6D 5058508, KO
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Degree of Aggressiveness

Prospector

8. Preliminary Research and Frameworks Used to Explain the Situation / BEfFERER
Sk BBRSH

With the environment identified and some common characteristics of BCI
ventures jotted down, we are ready to move forwards and utilizing existing business
administration frameworks to further investigate some of the plausible reasons of why
large corporates are slower to move compared to venture and SMEs in the BCI market.

ZOEIT. R ERFLENFIRCFy—1 0 BCHIZXK L THEIX &
S TICW D ORI HEERT 5,

8.1 From Innovation Management Point of View/ € / R—L 3 IR A D FD
BRho

The old, but still applicable corporate aggressiveness theory, pioneered by Miles
and Snow in 1978, comes in handy in describing the current situation:

Strategic Types

(Aggressiveness Strategy)

stimulates new opportunities - :
: PP Neuro-entertainment companies.

Some major companies such as automobile industry.
| takes less risk and makes less mistakes
Analyzer than a prospector, but is less committed < Major companies.
%o stability than defenders IT & Consumer Electronics = Biomedicals
Slowly testing, or observing carefully for new ideas.
| finds and maintains a secure and relatively

Defender | stable market, avoids changes wherever N/A. BCI industry has only just begun.
possible

does not have proactive strategy, often
Reactor reacts to events as they occur, goes

| ‘whthoutdectionor focus «— Any others either unaware or skeptical about BCL.

Most large corporate currently fall under the analyzer position in terms of BCI, despite
how the recent rapid shifts of technologies today often calls for a more swift, flexible and
risk taking corporate structure and culture. This is not too difficult to imagine, because
save for a few exceptions, large enterprises structures are usually governed by tighter
control via established rules and practices (Miles & Snow, 1978), or otherwise it is usually
a communication and management nightmare across different hierarchies and
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departments. For this reason, new strategies or new opportunities may get turned down
or get lost in this sea of rigid rules. Furthermore, a general perception that many managers
often share over their jobs is to carefully control and direct with exactly what they have
at hand and what they already know, such as the current strategies of the company (Miles
& Snow, 1978), despite how the external opportunities continue to show signs of
imminent revolutions. Only in a very rare occurrence will a tyrannically but influential
visionary genius CEO such as Steve Jobs appear, and only then would all management
teams start looking for new opportunities to impress the particular individual. Going back
to BCI, due to the stiff structure, managers often think from only a narrowed point of view
and ask themselves the wrong questions such as “how do we use this technology right
now?” as opposed to “what potential new business or products can be done?”. In a
personal e-mail interview, NeuroSky comments that “[Large] companies continue to
monitor the technology while seeking out compelling use cases. Adding an extra
hardware element to the application truly requires a very strong value proposition”
(Exhibit 1), hinting how existing firms generally only think in terms what is readily
available and within their own comfort zones when evaluating new technologies and
opportunities. The recent pace of technological leaps, especially in the IT industry, will
only continue to challenge managers and leaders over the decision whether to embrace
uncertainties and move early. However, on the other hand, we must not overly blame
managers for failing to spot opportunities and leverage them to benefit the whole company.
BCI is new and radical, but at the same time difficult, especially if the company is of a
different business and simply lack the absorptive capacity to take advantage on them. In
2007, Day came up with a brilliant Risk Matrix and published it in the December release
of Harvard Business Review, which is extremely useful to postulate what the large
corporate managers may have in mind (Day, 2007):
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Probability of failure

Newtothe 35—
company
- 75-95%
0 -
25 —
Adjacent to
& current
O offerings 20—
o
Z
° 15 —
3
3 Sameas , —
"e’ current
a offerings | . ™ , 1] T
10 15 20 25 0
Same as Adjacent New to the
present 10 present company

Intended market

Considering the novelty and complexity of BCI, no firms or individuals on this planet can
confidently say they have mastered the technology. Even if the company has had some
experience with EEG or other neuroimaging techniques, BCI will likely immediately
register somewhere at least within the range of 25-35 on the y-axis, already giving a
potential fail rate of no less than 50% no matter what the intend market is, which likely
will immediately turn away an average manager who understandably prefers not to
jeopardize his or her career or family wealth on something enigmatic and risky.

Then there is also Nooteboom’s Knowledge of Cycle from 2000 (Nooteboom,
2000). The Knowledge of Cycle is a useful framework for us to categorize and plot where
each of the currently achievable BCI application is. Based on numerous other scholar
findings that also built upon Nooteboom’s model, we can interpret and make sense of
some of the reasons why BCI is not a mainstream favourite of large corporates yet:
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Exploration

---------- >
Reciprocation Consolidation
Differentiation Generalization
Exploitation

There are 4 stages inside the cycle of knowledge: consolidation, generalization,
differentiation and reciprocation. Consolidation and generalization is the exploration
phase of knowledge or technology, this is the phase where a large amount of information
IS scattered across numerous parties, with firms or venture companies seeking
opportunities, breeding trust between different parties, and fostering mutual
understandings. Eventually, a certain dominant design emerges, and competitors all start
releasing similar products near the very end of Generalization, and all players prepare
themselves for exploitation. The market quickly turns to the differentiation phase with
similar firms each fighting for dominance in the wake of competition; this is also when
competitive advantages start to surface and the market gains more recognition. And
finally, once a clear winner is selected by the market, new innovators (who may or may
not be the designer of the original winning firm) who are unsatisfied with it will further
build upon the previous dominant design by adding new elements in the phase known as
reciprocation, and ultimately restarting the cycle (Nooteboom, 2000) (Gilsing, 2005).
One of the most important keywords presented in the above argument is
dominant design. It is perhaps easier to think of a dominant design as a de facto standard,
something that all competitors or new entrants must adhere to and be properly
incorporated into the design of their products to successfully capture a meaningful amount
of customers (Utterback, 1994). An example of dominant design would be cars. For
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almost 100 years, cars always have only one steering wheel, the same wiper and turn
signal lever layout, and only 2 wheels out of 4 that can be turned. While numerous design
innovations may be incorporated into newer cars, the basic layout remains unchanged
among any manufacturer so that consumers can switch between brands without worrying
about another learning curve. For this reason, many firms would prefer to wait for a
dominant design to emerge before entering the market themselves (Utterback & Suarez,
1995), to avoid wasting R&D cost in the case that their design is not selected by the
market.

Based on the data and current events of BCI we have at hand, we can organize
various current BCI applications into graphs and diagrams. We will first examine whether
if a dominant design has emerged for the currently technologically feasible applications
of BCI, based on recent research breakthroughs organized in Exhibit 4:

Definition of Dominant Design for current BCI examples

Non-invasive Non-invasive Invasive
QoL /NUI Neuromarketing Biomedical Applications

Optimal number of sensors

Sensitivity, and type of sensor
(predominantly EEG)

Optimal arrangement of sensor position(s)
over the skull

Signal processing
Noise filtration techniques

Software development kit
Online apps market

Compatible Platform
(e.g. PC, smartphones)

Pricing

Weight (wearables must be light)

Battery life (8+ hours)

Optimal number of sensors (presumably
more than consumer BCI if using EEG)

Sensitivity, and type of sensor

(MEG. fMRI, some EEG) (fMRI scan is
not cheap)

Optimal arrangement of sensor position(s) over
the skull (B2B EEG can have as many as they
want)

Signal processing

Noise filtration techniques

Database consolidation
Meaningful interpretation of Data

Study method and setting

Feasibility at an uncontrolled. public setting

Feasibility for any company without huge
investment cost

Business ethics

Local government approval
(e.g. FDA in the US)

Sensitivity, and type of sensor (Invasive

sensors are very clear)

Biocompatible and / or biodegradable
sensorimplants (see section 2.2.1)

Bidirectional BCI sensory feedback

Fail-safe designs

Maintenance procedures and/or service
locations

Equipment lifespan

Portable power source

Safe and painless operation

Design considerations
that are reaching a
dominant design

Very clear
Moderately clear
Unclear

More R&D /
commercialization
efforts required

Since all 3 headsets have demonstrated some limited capabilities beyond neurofeedback,
the quality of life and NUI is combined together in the dominant design graph for
simplicity. Wearable technologies must be lightweight and easy to understand, hence the
reason why all 3 venture companies have chosen the shape of a headband, instead of, say,
a cap, that on paper can fit even more sensors and be more powerful. Also, similar to how
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smartphones have very much replaced traditional cell phones, the release of software
development kits will allow individuals or other companies to develop applications to
easily add more value to the device while saving up on in-house development costs.

For B2B neuromarketing uses, the options are more varied and simplicity may
or not be as relevant. On the other hand, there have been little news of firms openly
discussing how BCI neuromarketing has lead them to great success. Therefore many
design aspects, such as study methods, software designs, database creation, sensor types,
and business ethics, are rather unclear if there is already a dominant design at this stage.
Work on better signal processing and noise filtration techniques for better information
clarity and reduced EEG sensors on non-invasive BCls are also never-ending.

On the invasive BCI side, numerous institute and universities have already
demonstrated working examples of functional BCI prosthetics, some even complete with
tactile feedbacks to simulate temperature and firmness of an object grasped.
Unfortunately, one of the most important obstacles to invasive BCl commercialization is
the obligation of waiting for a lengthy and expensive governmental approval, which in
turn impedes further efforts on other important areas of designing and supporting such a
product. However, taking into account of how the United States put brain research as a
national priority, it is safe to expect the situation to change rapidly.

Having identified some of the dominant design factors, we are now free to plot
the many applications of BCI onto the cycle of knowledge:
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Applications of BCI Technology and Their Current Relative Position

Neuroprosthetics
(brain chips)

(Non-invasive) BCI Natural User Interface

(invasive) BCI
Prosthetics and
Bionics

Reciprocation Consolidation

l Neuromarketing ‘

Once a dominant design ‘ Neurogaming

o Differentiation Generalization
becomes obvious in the market, /

major industries may finally
start mobilizing Other than novel toys,

neurogaming requires a BCI
device. Thus, its success is
dependent on neurofeedback
until BCI gains more
Neurofeedback (QoL) widespread adoption.

Based on our analysis from dominant design point of view, it is safe to assume that most
BCI applications have yet to go past the consolidation phase with the exception of
neurofeedback. Referring back to the information we have retrieved from our case study,
all three ventures have all of a sudden selected the wearable neurofeedback device market
as an area of focus, when their previous products or activities often seem to have little to
do with it. While this may seem like a mere coincidence, Gilsing is noted to have written
in one of his textbooks, indicating that “some first tentative, shared concepts and
technical norms may also develop, reducing cognitive distance and improve mutual
understanding [...] After the emergence of a dominant design, networks no longer need
to hide in seclusion and will tend to extend their market internationally” (Gilsing, 2005),
and it seems to be an accurate portrayal of the current situation. The 3 firms may be so
eager to widen the market and gain recognition that they have decided to demonstrate
something that may become a part of our daily life, as opposed to focusing only on some
“mind-controlled cool gadgets”. Thus, we can argue that neurofeedback is nearing the
end of or have passed the phase of generalization and is heading into differentiation stage.
Neurogaming is a more special case because it has to rely on a BCI devices. Thus, a mass
market-winning design will be crucial to its success and emergence as a new industry, or
as a new design element that can be absorbed by existing videogame companies.
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Taking into account of the fact that neurofeedback is mostly likely not in line
with most existing companies, it is possible that most firms are waiting for a more refined
dominant design to emerge from the differentiation phase, and only then would they
finally start mobilizing resources and enter the market, whether through mimicking,
collaborating, or practicing M&A, to ultimately restarting the cycle.
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8.2 From a Leadership / Entrepreneurship Point of View / 1) —&—< v X0 %
RIRAOBRAMD

In Kotter’s book “A Force for Change” from 1990, organizational behaviour
pioneer Kotter examined some of the characteristics that differ between “true” managers
from “true” leaders, which are two distinctive roles that often actually become fused into
one individual in real world corporate practice. In short, the biggest difference between
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the two is that true leaders excel at the creation, communication, and execution of a certain
vision among a group or inside a company, while managers excel at the monitoring,
control, and allocation of resources (Kotter, 1990). Looking back at the 3 BCI venture
CEOQs, they all share a certain passion towards where they are at, and where they want to
be. They have already convinced themselves of the success they will inevitably have.
Leaders also need to communicate their vision to others to build a strong, efficient, and
passionate team — which often only takes place in SMEs, where communications are
much easier, resulting in a strong shared value. In large corporations, on the other hand,
it is much more difficult to achieve this due to layers of hierarchies or bureaucracy. As
was discussed in the previous sub-section, large corporate innovators may have all
experienced the frustration of crashing into a brick wall of bureaucracy or mistrust from
their managers, delaying not only potential business growth but also the chance to
incubate individuals who truly can recognize opportunities and lead the company to great
success some time.

But where does vision and passion come from? There cannot possibly be a
definitive answer. However, Baron in 2006 proposed an interesting framework worth
examining (Baron, 2006):

Patterns That Suggest New
Products, Services, etc.

Possible
Founding of
New Ventures

Business Opportunities

Knowledge; Experience

Events, Changes, Trends
in the External World

Changes in Technology
Changes in Markets
Trends in Demographics
Changes in Government
Policies & Regulations
Other Events, Changes,

Cognitive
Frameworks

(Prototypes,
Exemplars, etc.)

Perceived,
Interpreted
Through

=N

Perceived Patterns in
These Events,
Trends, Changes

Trends in Relevant / :
Business —Related :
Variables ™ [searen ] :
v
: Patterns That Do not :
: suggest New Products, :
Services, etc.
Figure 1

The Potential Role of Pattern Recognition in Opportunity Recognition

Baron, R.A. 2006. Opportunity Recognition as Pattern Recognition: How Entrepreneurs "Connect the Dots" to
Identify New Business Opportunities. Academy of Management Perspectives, 20(1): 104-119

Recalling from our case study, we know that all 3 leaders already have had previous
experiences working with high tech and startups. These experience may have reduced
their fear in starting up companies and they know how to properly negotiate with investors.
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The “dots” for Stanley and Ariel are easier to connect. One wants to use “The Force”,
while the other wants to improve our quality of life and reduce stress via brain power.
Considering this, Tan Le is indeed especially interesting, because she does not have any
educational background working with neither neuroscience nor high tech before founding
SASme with Nam Do. In Tan’s TED talk mentioned earlier in the case, Tan said she was
determined to be successful and dreamt big when she faced discrimination during her
early days of immigration. This spirit, coupled with the fact that she had met many
entrepreneurs of the same age as her, may be the reason she abandoned her comfort zone
and pursued something unknown.

Other than NeuroSky, where not much information over its cofounders is
available, both Emotiv and InteraXon’s founders came from a diverse educational
background. It could be possible that, if a band of very different people are able to sit
down and share a common vision, it may be an indication that they are already very open-
minded people to begin with. Perhaps this open-mindedness is one of the keys in
recognizing the changes and opportunities of the outside world, thus allowing them to
pursue something radical earlier than anyone else? Further investigation is beyond the
scope of this paper, but the correlation between such a mindset and entrepreneurship is
definitely an area worth further research.

Lastly, it is important to note that all 3 leaders have met their own inspirational
mentor of BCI sometime in their life from different universities. All 3 professors have
had working examples of BCI technology prototypes, which may also be influential in
their decisions in embracing a completely unknown market.
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9. A Plausible Roadmap of Promising Areas worth Investment / HHhEREHSBHR

va— kv

Assembling the pieces from our data and discussion, we can estimate a roadmap
of what investors and business leaders should expect of BCI in the next upcoming decade
and in the more distant future:

Promising Fields worth Investing

BCI Prosthetics and Bionics

Neuromarketing

Neurogaming

Natural User Interface / Augmented
Trans-human Interface

Neurofeedback Quality of Life

Very promising. Prototypes already
available. Pending commercialization
efforts and government approval.

Promising. Pioneers that make good use
of neuromarketing may gain an advantage
on marketing activities.

Promising. Many ventures are developing
games for commercial BCI devices as we
speak right now.

Moderately promising. Projects such as
BrainFlight demonstrate how it can be
done.

Simple thought-commands for
smartphones, tabs, or wearables may be
viable.

Very promising. Passionate consumer
support witnessed on crowdfunding
platforms shows great growth potential.

May further grow into exoskeletons,
remote robots, etc, for able bodied
consumer use.

May become an industry standard, and no
longer a competitive advantage.

Very promising. AAA hardcore titles
combining emotion-based interaction, and
potentially bidirectional BCI
communication will cater well to gamers
who seek maximum immersion.

Very promising. This has the potential to
significantly cut labour training costs for
operating sophisticated machines.

Likely to become a commodity, with
stable but no major returns
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Release of development
kits for indie/venture
developers (OpenBClI,
BrainWriter)
Commercial EEG
devices for individuals /
low budget researches
DARPA, major US
universities get funding
from BRAIN
Prototypes of thought
controlled prosthetics /
sensory feedback
(invasive)

Some companies are
trying BCI, but very
little more is known
Neurofeedback brain
training with
commercial EEG
sensors for the curious
ones

Possible Roadmap into the future

More venture/indie
applications for
commercial BCI
devices, greatly
boosting sales and
recognition.

Thought controlled
limbs commercially
available at a high price
More neuroscience
researches combining
VR and BCI

EEG cheap enough for
mass consumers
($60~$99 USD). More
indie/venture
developers

Miniature MEG sensors
available

Mass BCI
neuromarketing among
consumer goods firms
Video game consoles
launch peripherals of
BCI to enhance
gameplay

Brain training devices
become widespread and
a part of household
health device

First neuroprosthetics
available but expensive

Early bidirectional BCI
with active brain
enhancements or
stimulations becomes
commercially available
US BRAIN Initiative
ends

New devices
incorporating machines
and BCIL. Significantly
lowering labour
training costs

20d geperation BCI-
prosthetics cheap
enough for any
amputees

Matrix-styled full
bidirectional BCI. New
internet businesses
combining VR, Cloud,
and BCI

NUI transition into ATI
(Augmented Trans-
Human Interface).
Machines and
exoskeletons become a
part of routine life.
Huge controversies
over the social impact
and ethics of computers
further interfering with
our brains
Neuroprosthetics
become cheap for
anyone

* Edited and verified under the assistance of Associate Professor Yasue Mitsukura, Department of System Design, Faculty of Engineering, Keio University.

While it is impossible to truly tell whether this roadmap will indeed reflect the future, the
message this paper wishes to convey is simple: BCI has too many applications that will
likely cause a widespread revolution. In a rapidly changing business environment due to
extreme-pace innovations, technology obsolescence occurs so fast that the chance to
invest in a certain firm or R&D project to great profit is often very transient. Firms must
start to investigate and evaluate new opportunities early on, while embracing risks to truly
ensure the longevity of a company.
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10. Proposals to Large Companies/ KTEEADRE

Now that we have examined a roadmap of “what” corporates should do facing
BCI technologies to gain an edge early on, this paper would also like to make proposals
of “how” to tap into this market.

The approach this paper would like to suggest is perhaps similar to the idea of
ambidextrous organizations, by Tushman and O’Reilly in 1997. In an ambidextrous
organization, firms are building tomorrow’s future while still managing today’s successes.
At microscopic level, the company has fragmented cultures, but united together by one
single, easy, but extremely firm vision. In such an organization, employees cherish the
differences and are not afraid of the likelihood of another team forcing them out of
business; because if the whole company misses an opportunity and goes out of business,
they lose even more (Tushman & O'Reilly, 1997). Needless to say, achieving this need
some serious tinkering of the corporate culture, with very open-minded managers, risk-
taking culture, and a stern top management vision.

To achieve ambidexterity, top management should encourage internal venture
teams such as Skunkworks. A 2014 survey conducted by Accenture in the United States
may indeed indicate a demand for this. 69% of the employees in the United States report
that they believe companies are not doing enough to encourage innovation to stay
competitive in an increasingly volatile global business environment. But on the opposite
end, 85% of the top managers or corporate leaders report that many innovations are
focused on internal improvements rather than external ones. In addition, while 52% of
the 800 employees surveyed claim that they pursue an entrepreneurial idea, only 20% say
there is enough support from their employers (USA Today, 2014). The discrepancy
between the 2 parties hint some serious misunderstandings. To avoid this, companies
should practice internal entrepreneurship and establish project teams that are free from
the constraints of the core company’s culture and rules. This is different from how many
companies have already established separate large scale remote research centres outside
the company. It is inevitable that a large entity will ultimately always develop a stiffened
approach in order to properly communicate between large groups of workers. In contrast,
Skunkworks teams should be fairly small and be treated like a venture startup company,
with only minimally adequate resources but a selection of the most capable, passionate,
brave individuals from the company. The standard corporate R&D centre should retain
its roles of incremental innovation that are aligned to the company’s present core
businesses, and only grant full support to any new invention or innovation that
successfully stemmed from the Skunkworks teams. The rationale behind an internal

venture startup is so that the teams face a certain “pressure” to at least demonstrate a
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proof-of-concept working prototype to the “investors” (employer or a manager over
watching the team with minimal interference). If a prototype cannot be completed within
a pre-determined timeframe and there is no good reason to justify it, the project can be
deemed as lacking in a firm vision and is sacked. This is consistent with the currently
popular saying of “start small, fail early, fail small, dream big” and is an excellent way to
explore new business and test a certain new technology. On the other hand, if a project is
successful and worth further investigating, it is the manager’s job to find ways to re-
integrate it back to the company, which is often easier said than done, but absolutely
necessary to retain a stream of innovation.

Another strategy worth consideration when facing something radically new is
open innovation. As was seen in section 9.1, most of BCI’s current knowledge are
extremely scattered between the hands of numerous startups and research institutes. To
foster quick understanding of a potentially revolutionary technology, firms must learn to
tear down pride and bravado and embrace the sheer amount of opportunities existing
outside the corporate barrier, and avoid the tempting thought of developing everything in
house and use patents to set up a barrier to entry. In fact, it may be even riskier in today’s
environment, because the complexity of new technologies often does not give firms the
chance to slowly learn and evaluate something foreign completely by itself. Furthermore,
contracting to or directly investing in university projects may potentially cut R&D costs,
as was witnessed in how Tan Le brilliantly assembled a group of volunteers from
universities to write the software code for emotion-recognition of raw EEG data. Also,
having a university professor bearing allegiance to the company may help “eavesdrop”
on some insider information about the most up-to-date research trends and where to look
for further innovation opportunities. However, this is not to say that firms should just
leave R&D to outsiders, because incremental innovation capacity is sometimes needed to
understand or truly leverage the opportunities found outside, not to mention it is also an
important element of an ambidextrous organization. Furthermore, no company could
possibly survive without a certain competitive advantage. Managers and CEOs must be
able to identify what information can be shared to foster greater growth, and what not to
be shared to sustain the current competitive technological advantage against competitors.

The third is perhaps relatively new — the exploitation of crowdfunding. To date,
the use of crowdfunding is predominantly at venture or SME levels for no obvious reasons
that have been agreed upon. Crowdfunding is a fairly powerful tool to show market
traction (Exhibit 2) and how consumers respond to a certain new line of products. This in
turn, gives the company enough evidence of success even before a product has been
actually produced, greatly negating some of the risks of a failed product due to a weak
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value proposition. Furthermore, projects listed on crowdfunding sites often require close
monitoring of questions, doubts or suggestions that must be cleared and answered one by
one, to win a consumer’s trust (The Blueprint, 2013). In return, this grants an
unprecedentedly close interaction with consumers to fix any shortcomings and truly build
a dream product that everyone desires. Although some companies may be afraid of giving
away the details of a “killer product” too prematurely, proponents encouraging large
companies to use crowdfunding argue that it usually is not the idea that matters. It is the
execution of the idea that truly matters, which is almost never asked in details by any
consumers (The Globe and Mail, 2014). The logic being that ideas can be copied pretty
quickly, but the execution, and the original innovative mindset or culture that gave birth
to the idea in the first place, cannot be duplicated, at least never exactly. Also, a mere
copycat would be barred from the valuable experience and information gained from the
close interaction with consumers, making its ability to maintain incremental
improvements and innovation questionable. A recent example of large corporate using
crowdfunding is Sony. Recently, Sony has been found using a Japanese crowdfunding
site to crowdfund its smartwatch e-Ink, under the disguised name Fashion Entertainment,
raising 3.5 million yen, 175% more than the targeted 2.0 million. While a Sony
spokesperson later commented the reason for the campaign is to learn more about the
demand (Wall Street Journal, 2014), the rationale behind the disguising of the company’s
name remains vague. Nevertheless, it is apparent that large enterprises are starting to
exploit crowdfunding as a tool to alleviate some risks of product innovation.

Our last suggestion is the ultimate decision of whether companies really should
wait for a BCI dominant design. Although intuitively we may think that by waiting for a
dominant design, firms may avoid the painful disappointment and waste of money in the
case their design is not selected by the market, as was discussed in section 9.1. However,
the findings by Utterback and Suarez in 1995 suggests otherwise: firms that engaged in
pre-dominant design are actually more likely to survive even if their design fails to win
the market. An easy explanation is the first mover patent advantage that the company may
incorporate into the rival’s design and eventually bounce back. But also, there is the
possibility that by engaging in pre-dominant design R&D, firms have an ample amount
of time to evaluate and test the market demand, while at the same time assess internally
the missing links necessary to leverage on the new technologies, and acquire any relevant
collateral asset to strengthen future R&D efforts (Utterback & Suarez, "Dominant
Designs and the Survival of Firms", 1995). Furthermore, as was previously mentioned,
the recent advent of crowdfunding can be exploited to reduce some of the risks during
pre-dominant design phase. Based on these arguments, this paper suggests that companies
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who are interested BCI and who have the absorptive capacity to do so should not wait or
be overly reactive to truly dominate a radically new industry.
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11. Conclusion / #&&&

In this paper, we have explored many different applications of BCI, and how the
technology may cause an eventual worldwide revolution on almost all aspects of our life.
We also looked into why large enterprises, despite their ample amount of resources at
hand, would rather become mere observers when current business administration theories
often screech for a style more dauntless to gain an advantage. Fully convinced of the
opportunities and in line with today’s business administrative theories trend, the author
of this paper also tries to encourage large firms to more actively explore the unknown, to
accelerate BCI research and commercialization to further better the lives of mankind.

However, due to time and budget constraints and the closed nature of current
BCI industry in terms of corporate information such as financial performances, this paper
acknowledges many of the shortcomings in its arguments and data collection. Many parts
of this paper may require more quantitative validation for a more persuasive argument
over innovation strategies. On the other hand, it must be emphasized that the goal of this
paper is not to prove a business administration hypothesis, but serves a more promotional
purpose for BCI technologies, and hopefully some of the logics are also usable on other
areas of innovation management in the future.

When facing a potentially game changing technology such as BClI, it is very
important for firms to open up and recognize the opportunities and threats that the new
technology may eventually deliver. Even if today a certain technology does not seem to

align to a company’s current core business, and that the company does not have the
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absorptive capacity to leverage it, it is never wise to think of it as a sort of distraction and
completely ignore about it. Many industries ultimately do emerge, as is witnessed from
the Internet Age, and the recent wireless Smartphone Age. The world often changes
quickly without warning and by the time one notices it, it is already too late.
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Exhibit 1
E-mail Interview with NeuroSky
Industrial Side

Current trend, and investor preferences:

Is there a certain area of concentration on BCI research among the different countries?
For example, one country excel at using BCI for medication while the other intends to
use BCI for the mass-market? Is the United States a major source of innovation and
breakthrough on BCI research compared to the other countries?

Yes, certain countries tend to focus the technology into certain use cases based on market
need fulfillment. For example, the U.S. is more interested in entertainment uses whereas
Asian countries see the technology as a platform for educational advancement.

Possible reasons for lack of active involvement from big companies:
Have the major IT giants (e.g. Google, Apple, Microsoft, IBM, etc.) and
prosthetics/bionics manufacturers been actively funding BCI projects to your knowledge?

Or are most researches still mostly being done at the researchers’ own interests and
passion, funded by public agencies? If the major companies indeed have been largely
inactive, what are some of the reasons you can think of?

| cannot tell you our own relationship with major companies. Yet, in general, major
companies continue to monitor the technology while seeking out compelling use cases.
Adding an extra hardware element to the application truly requires a very strong value
proposition.

Please tell me a bit more about NeuroSky. From what | have gathered, you were founded
as early as 2004. How did the founders get involved in BCI technologies, and how did
they overcome the risks and fear of investing in something that was arguably enigmatic
back then? How did they manage to persuade the investors? Can NeuroSky’s experience
and success provide an insight for future investors or entrepreneurs who may be interested
in BCI?

While as you say the technology was “enigmatic back then,” it also had an incredible
“wow factor” that drew a lot of attention from just about everyone. People did not
understand what information could be gathered from their minds by a piece of hardware
that no one had seen outside of a hospital. Many drew their own conclusions and hyped
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up their own expectations about what information the technology could actually capture
and interpret. This led ultimately to a period of deflated expectations. Nevertheless, the
technology continues to make important advancements that are being tracked today.

The labour market:

Currently, 1 am assuming that in order to work on BCI technologies, one must have
adequate understandings of both neuroscience and computer science. Has there been
difficulties in attracting new talents or experts who are knowledgeable in BCI to foster
further growth? Similarly, should creditors also start hiring people of relative expertise to
better assess the potential value of a project?

There are plenty of worldwide schools producing neuroscience talent. Some go into
research. Some go into medicine. Others go into industry. It is amazing how many go into
industry and the pool of talent is growing as BCI goes commercial.

The US Government’s national strategies:
Does the BRAIN Initiative help NeuroSky and any other companies focusing on brain
sensors in anyways?

From a PR point of view, yes, it helps all BCl companies.

Japan? :

| see that NeuroSky has a representative office in Japan already, probably ahead of any
other companies. It would be interesting to know about NeuroSky s perspective of Japan.
Generally speaking, are Japanese companies or investors expressing any more interests
in “brain-machine-interface” (as how they refer to BCI) than their Western counterparts?
Has the Japanese government done enough, when compared to the West, in promoting
and subsidizing its research?

There are a lot of R&D investigations on both sides of the Pacific.

Competitors...? :

NeuroSky, Emotiv, InteraXon seem to be the major players in the current commercial
BCI devices market. How does NeuroSky differ from the other two in approach, target,
and vision?

Simplicity and value.
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10.

11.

Technical

Just a funding problem?

What are the main obstacles of BCI devices today for mass commercialization? Is it
something that simply attracting more funds can solve, or is it much more complicated
than that?

Funding certainly helps to solve problems, overcome challenges and make new
discoveries.

Mental Fatigue:

Part of my paper’s argument seeks to use BCI as the ultimate evolution of natural user
interface and human computer interaction design, where devices or machines will
become extremely intuitive to use, further bridging the gap between the experts & novices,
the young & old, and the virtual & real. However, today’s BCI largely requires very
concentrated attention from the user and may induce mental fatigue. Can this be alleviated
within the next decade?

BClI applications don’t always have to be about demands on the user’s conscious control
of a mental state or emotion. Simply monitoring a user’s mental activity without their
awareness is how the technology will find a permanency in the mass market.

Computer-brain communication and safety:

There has been announcements by numerous universities around the world that invasive
prosthetics have been able to successfully simulate tactile senses for amputees. Can the
same be done with current non-invasive BCI technologies (regardless of cost) to pave

way for BCI’s potential use in virtual reality? If not, is the future looking bright in solving
those issues?

I don’t see that particular use case happening with a $99 technology, but certainly other
VR uses are possible. Since VR is not my field, I’d have to leave that answer to them.

Current BCI technologies are mostly limited to one-direction communication. While
there have been some researches seeking to achieve sensory feedback or brain-to-brain
communication via outside stimulations such as light electrical shocks, has there been
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13.

14.

enough research over the safety of prolonged exposure to such stimulations? Furthermore,
is this safety issue the most major obstacles for a more active research into full-
bidirectional communication? If indeed bidirectional BCI becomes a reality, will it have
to go through the expensive and lengthy FDA approval?

NeuroSKky is a passive sensor company. We do not do research into using our technology
to stimulate the brain in any way and we don’t track other companies that do.

Is it worth it investing in new detection methods?:

My understanding is that current commercial BCI technology is predominantly EEG in
favour of its portability and price, while MEG and fMRI are more reserved for research
due to their bulky and expensive nature. However, | have read that EEG offers poorer
spatial resolution when compared with the other methods, ultimately limiting their uses
somewhat. Are we close to the absolute limitation of EEG, or are there still many rooms
for improvements?

EEG will not match up to MEG and fMRI, but the cost and inconvenience of those other
technologies are very prohibitive. It’s all about use cases where one technologies
advantages will fit a given use case while another’s advantages will fit to a different use
case. EEG certainly has room to improve its noise filtering, signal detection capabilities
and algorithmic interpretations, so there is still room to grow.

Related to 5, fNIRS and ultrasound has recently came to light as new scanning methods,
both of which can be extremely compact and portable if I understood them correctly. In
what ways are they superior or inferior to EEG? Will it be necessary to ultimately
consolidate numerous sensors into one device to achieve both optimal spatial and
temporal resolution?

| have not studied these other technologies by comparison. You may want to Google some
research papers.

Exploiting BCI for greyer activities:

Let us talk about a grey area. Can current BCI devices be exploited for neuromarketing?
For example, conducting a survey with random volunteers and monitor their mental states
and emotions when they are presented a certain new products, to help determine whether
to release the product. Similarly, can current BCI “accidentally” pick up information that
an unsuspecting user may not want to share, such as privacy?
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15.

Neuromarketing is certainly a real market for current BCI devices. | am not sure how
BCI could “accidently” pick up information about a user if the user has made the choice
of putting a headset on their head. 1 think that the privacy concern is really blown out
of proportion. There are many much more intrusive technologies that yield far greater
information about who we are to very intimate details. Search engines are the biggest
violators of our privacy. Social networks are second. Anything that gathers data on an
individual has the potential to be misused in some way.

Vision and Dreams:

What are some of the possible major breakthroughs of BCI, or other relevant technologies
to BCI or neuroscience, within the 10 years that you can think of, or would like to see?
Are they more likely to be developed by firms or research institutes?

| see BCI data as only a piece of a bigger set of data that can be aggregated, sorted and

analyzed. It provides data on a user’s mental and emotional states that other technologies
can only indirectly claim to gather through other feedback mechanisms. Building a bigger
picture of the individual through a combination of different modalities can yield huge
benefits not only the individual, but to societies as a whole. It’s all about big data over
the next 10 years and it will be a combined effort by firms and research institutes.

Please describe NeuroSky’s long term vision, and some comments for business investors
or leaders about BCI.

NeuroSKky is the leader in Body and Mind biosensor solutions. Our vision is to enable our
users to build the most advanced, state-of-the-art wearable devices that provide individual
users with important insights about themselves in order to enhance their lifestyles. We
provide a turn-key shop of biosensors and interpretative algorithms that our partners
leverage to add value to their applications and products.
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Exhibit 2
E-mail Interview with InteraXon

What makes InteraXon different?

1. While I am aware that Muse is currently the only BCI headband for daily use, it is not
difficult to imagine that competitors would soon arise (especially with the
announcement of Emotiv Insight). What inimitable unique value does InteraXon have
that are different from your competitiors, especially NeuroSky and Emotiv? (anything)

« Ours is the only one that actually does something of value for the average person
« We are the leaders in user experience development for BCI (award winning)
« Our headband is easy to put on and comfortable to wear

Ms. Garten's entrepreneurship. Crowd funding's effectiveness.

2. I notice that Ms. Garten is a talented artist and had founded a clothing design
company before. Was it closed down purely because of her passion for
neurotechnology?

« Ariel's not in the office this week, but you can find lots about her profile online.

With the recent advent of crowd funding, has the process and the ease of funding for a
company or a project significantly changed when compared with Ms. Garten's previous
experiences?

« Crowdfunding is a great way to show traction in the market, but it hasn't
replaced traditional financing. Crowdfunding only represents about 3% of the
money raised by Interaxon.

Language matters?

3. InteraXon, Emotiv, and NeuroSky, the 3 most successful BCI ventures are all from
English speaking countries. Is this a coincidence, or are there some other potential
factors at play?

« The tech startup world has been overwhelmingly english for a long time, mostly
because the whole tech startup / venture capital model was invented (or at least
refined in its current form) in California in the years following WWII.
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Fortunately, it's changing, and more and more startups are able to get funding in
countries around the world, in many different languages.

fNIRS, ultrasound, and (maybe portable in the future) MEG
4. Is there a reason why other portable scanning methods other than EEG has not been
truly exploited for commercialization?

« Form factor: fNIRS is portable now but requires a lot of power and big
hardware. Same with Ultrasound. MEG will not be portable in the foreseeable
future, if ever: most MEG manufacturers have gone bankrupt or scaled back, and
the limits of the technology (liquid Helium containment) can only be overcome
by new discoveries in the physics of superconductivity.

Scarcity of large corporate efforts in BCI

5. Save for a few, many major companies seem to be either unaware of, or prefer not to
directly involve in BCI despite all its potentials and the sheer amount of resources they
have at hand. Are there any reasons for this?

« In general large companies wait for a market to be proven before launching a
product. We've met with several large companies who have teams actively
investigating EEG as a potential avenue for new product development. They are
looking to companies like us to solve the technical and user experience hurdles,
and to prove that there is a market for these types of products before jumping in.
The advantage of being a startup is the ability to take the high-risk/high-reward
path without having to justify our actions to the public markets.

B2C only?
6. Is InteraXon currently purely B2C with the Muse?

« The product is packaged as a B2C product, but fundamentally Muse is a
platform and can enable a wide variety of applications. We are in discussions
with a number of partners about potential B2B applications
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Difficulty in finding new talents?

7. Considering BCI spans across neuroscience and computer science, | presume that one
must be sufficiently knowledgeable in both to work in the field, making it difficult to
find the right talents and limits the industry's growth. Am I overly pessimistic?

« Not at all. We hire neuroscientists to do the neuroscience and computer scientists
to do the computer science. The vast majority of the work at any company is not
so specialized. Our marketing people, for instance, have studied neither
neuroscience nor computer science. Certainly someone who had a background in
both would be a very attractive hire, but anyone who is an expert in either
computer science or neuroscience should be able to learn enough about the other
field to be useful.

Future of an active brain stimulation device?

8. Current commercial BCI devices are more on the passive sensor side. When | think of
BCI I also dream of a day when we may eventually get Matrix-like virtual experiences,
which presumably require devices that can stimulate our brain and directly put
information into it. What is InteraXon's view for this potentially more risky yet exciting
part of BCI?

« That kind of experience will most likely only be possible with implants, and |
think we're a long way off from “elective brain surgery" becoming a thing.
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Exhibit 3
Personal Interview with Associate Professor Yasue Mitsukura, of Keio University
Compared to other countries, is Japanese BCI technology any inferior?

Technology wise not at all. However, in Japan ethical problems and outcries can easily
arise, which makes invasive BCI experiments extremely difficult to be carried out. In that
sense, we may be at a disadvantage in invasive BCI knowhow.

The US government has just announced the BRAIN last year (2013), to place
neuroscience and its related applications into top priority as a national competitiveness
strategy, with a funding of $300 million per year over a 10 year span. Has the Japanese
government done something similar?

The Japanese government announced a budget of 10 billion yen, but there is no clear span.

Is Keio in sort of a pioneer position in BCI research in Japan? Are there any other
universities or institutes?

Indeed Keio is a leader. Other famous places are institutes such as Riken, and Sansouken
(AIST). Other than that, there is not many universities pursuing BCI in Japan.

| see that Mitsukura Sensei has just recently founded a company called Science Jam, via
funding from Dentsu and Digital Garage. Is it a holding company? Also, is it difficult in
Japan for high tech startups to go fully independent similar to companies such as
NeuroSky or Emotiv? Is it rare to have professors to found companies in Japan?

Yes, it’s a shareholding company with Dentsu owing 60% of the shares and Digital Garage
the rest. In Japan, venture capitals are not as abundant as in the United States, plus we are
more of a risk averse culture, it is very difficult to acquire the funds needed for an
independent company. Especially if it’s a novel high tech business, where very few
actually understand what you are trying to do. As for the last question, yes, | would say it
is indeed quite rare for professors in Japan to found companies outside, while still
teaching.

Compared to the western countries, are project collaborations between corporates and
research institutes as common in Japan? Are there any obstacles preventing a direct
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funding of a university project from corporates?

There is very little collaboration. Most corporates basically do not even invest a penny in
university projects. Many interesting ideas just die down without anyone noticing, which
is a real shame.

Generally speaking, how interested are Japanese firms about BCI?

Not too bad. Especially from the automobile industry.

Does neuromarketing really work? If we really know what emotion customers have, can
we call it the Holy Grail of marketing?

It’s not that omnipotent as of now, just another new variable worth considering. However,
just that one extra variable can hugely impact the process of decision making in marketing.

| got interested in BCI via reading popular science journal sites such as Nature and
Science Daily, which are abundant in the United States. Is Japan really lacking
communities that try to popularize science to foster curiosity?

You are absolutely correct. In fact, I think it’s safe to say that the majority of the Japanese
pay little to no attention to science and engineering topics. | really wish the government
can do something about it.

Due to the human skull, EEG’s resolution just can’t seem to improve. Is it feasible to
combine EEG with other scanning techniques to improve information clarity?

Of course. However, mind you that the US NIST is researching ways to miniaturize MEG
sensors that will be portable and affordable. I am also personally involved in some parts
of the project, and if successful BCI research will really start leaping upwards.

Recently ventures such as NeuroSky and InteraXon are pursuing the vision of improving
QoL via neurofeedback. Is there any risks of everyone become sort of brainwashed and
have the same mindset?

No, neurofeedback does not do that and it is not a concern. Also, | must emphasize that
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while neurofeedback is clinically proven, those commercial sensors you see simply are
not powerful enough to achieve the same results. | suspect there is a bit of a placebo effect
going on.

Can a bidirectional BCI system like The Matrix be achieved with non-invasive
technologies?

Yes. And not very long. There are already many related researches out there and | think
just within 15 years we may see a working example.
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University Of Pittsburgh - Brain
Controls Robot Arm In Monkey

(2005)

Country

USA

Exhibit 4
BCI Research Journals and Trend Analysis

Government / Indie /
Large Neuro- Pros-

Invasive? Universities / Venture

Corporate science thetics
Institutes / NPO / SME

Neuro-

prosthetics

Non-Prosthetics /
Personal

Consumption

Duke University - Monkeys
Adapt Robot Arm As Their Own

(2005)

USA

Dartmouth College - Dartmouth
Study Finds How The Brain
Interprets The Intent Of Others

(2006)

USA

Queen's University - Study Of
Hand-brain Function Offers
Insight Into Recovery For Stroke

Survivors (2006)

CAN

Elhuyar Fundazioa - An Adaptive
Interface For Controlling The

Computer By Thought (2006)

ESP

University of Manchester -
Scientists Build Brain Box

Computer (2006)

GBR

Multi-institutional; published by
University of Chicago - Brain-
computer Link Lets Paralyzed
Patients Convert Thoughts Into

Actions (2006)

USA

University of Colorado - Human
Brain Region Functions Like

Digital Computer (2006)

USA

University of Washington-
Electronic Chip, Interacting With
The Brain, Modifies Pathways

For Controlling Movement (2006)

USA
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University of Pennsylvania - New
Ideas On Developing Thought-
Controlled Artificial Limbs

(2007)

USA

Max Planck Society - Revealing
Secret Intentions In The Brain

(2007)

DEU

University of Michigan - Robotic
Exoskeleton Replaces Muscle

Work (2007)

USA

Hebrew University of Jerusalem -
Brain Input Aids Devices That
Move Injured Or Artificial Limbs

(2007)

ISR

University of Leicester -
Researchers Can Read Thoughts
To Decipher What A Person Is

Actually Seeing (2007)

GBR

University of Leicester - Nature Of
Consciousness: How Activity Of
Single Neurons In Human Brain

Reflect Conscious Perception (2008)

GBR

University of Pittsburgh - Monkey
Feeds Itself Using Its Brain

(2008)

USA

Heidelberg University - How The
Brain Separates Audio Signals

From Noise (2008)

GER

University of Florida - Neural
Implant That Learns With The
Brain May Help Paralyzed

Patients (2008)

USA

University of Reading - New
Research Provides Insights Into

How The Brain Works (2008)

GBR

National Institutes of Health -
Movement Restored To Paralyzed
Limbs In Monkeys Through
Artificial Brain-muscle

Connections (2008)

USA
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RIKEN - Robots Show That Brain
Activity Is Linked To Time As

Well As Space (2008)

JPN

Netherlands Organization for
Scientific Research -
Neuroimaging Of Brain Shows
Who Spoke To A Person And

What Was Said (2008)

NLD

Washington University - Brain
Implants May Help Stroke
Patients Overcome Partial

Paralysis (2008)

USA

Ecole Polytechnique Fédérale de
Lausanne - Faulty Brain Wiring
May Be Bypassed With Carbon

Nanotubes (2008)

CHE/

ITA

University of Marburg - Effects
Of Brain Exercise Depend On

Opponent (2009)

DEU

University of Toronto - Optical
Brain Imaging Decodes
Preference With 80 Percent

Accuracy (2009)

CAN

University of Michigan -
Nanotechnology Coating Could
Lead To Better Brain Implants To

Treat Diseases (2009)

USA

University of Utah - Paralyzed
People Using Computers,
Amputees Controlling Bionic
Limbs, With Microelectrodes On

(Not In) Brain (2009)

USA

University of California —
Berkeley - Brain Develops Motor

Memory For Prosthetics (2009)

USA

National Institute for
Physiological Sciences - Mouse
Brain Rewires Its Neural Circuits
To Recuperate From Damaged
Neural Function After Stroke

(2009)

JPN
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University of Michigan - Step
Toward Better Brain Implants
Using Conducting Polymer

Nanotubes (2009)

USA

University of Southampton -
Brain-Computer Interface Allows
Person-to-person Communication
Through Power Of Thought

(2009)

GBR

Mayo Clinic - Brain waves can
'write' on a computer in early

tests, researchers show (2009)

USA

University of Leicester - Locust
study promises new insights into

limb control (2010)

GBR

University of Washington - Brain-
controlled cursor doubles as a

neural workout (2010)

USA

University of Maryland; La
Fondation Motrice - 3-D hand
movement reconstructed using
brain signals: Future portable
prosthetic devices for movement-

impaired (2010)

USA/

FRA

University of Goldsmiths London
- First direct evidence of
neuroplastic changes following

brainwave training (2010)

GBR

American Friends of Tel Aviv
University - Pacemaker for your
brain: Brain-to-computer chip
revolutionizes neurological

therapy (2010)

USA

Johns Hopkins University
Applied Physics Laboratory -
Thought-controlled prosthetic
limb system to be tested on

human subjects (2010)

USA

Case Western Reserve University
- Rewiring a damaged brain

(2010)

USA
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California Institute of Technology
- Controlling individual cortical
nerve cells by human thought

(2010)

USA

Society for Neuroscience -
Controlling cursors with thoughts:
Faster, simpler, and more
accurately; advance helps people
regulate their own brain response,
with therapeutic implications

(2010)

USA

Interuniversity Microelectronics
Centre - Innovative neural probe
senses and stimulates individual

brain cells (2010)

Joint

Effort

Honda - Honda Asimo Gets

Mindcontrol (2010)

JPN

Emotiv - Consumer Brain Control
Headset Opens Door To Wireless
Mind Gaming Using Nordic 2.4-

GHz Transceivers (2010)

AUS

Acclair - Art Watcher’s Thoughts
Scanned While Looking At An

Artwork (2010)

GBR

Emotiv - Browse Flickr Images
With Your Thoughts (3rd party)

(2010)

AUS

NeuroSky - NeuroSky Is Coming
to Philippines Hospitals &

Schools (2010)

USA

University of Oxford - Literally
Shocking: Electric Current in the
Brain Improves Math Abilities

(2010)

GBR

Zynex - New President at Zynex
to Become a Primary Medical
Neurological Device Provider

(2010)

USA
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Universal McCann, Time, Inc.;
EmSense - Neuromarketing study
to make iPad ads more effective

and enjoyable (2010)

USA

University of Chicago - Robot
arm improves performance of

brain-controlled device (2010)

USA

NeuroVigil - iBrain, An EEG
Device for At-home Sleep

Monitoring and Diagnosis (2010)

USA

University of Pittsburgh -
Controlling a computer with

thoughts? (2011)

USA

BrainAthlete; NeuroSky -
NeuroSky’s New Portable
MindSet Measures Athletes’ State

of Mind (2010)

USA/

JPN

InteraXon - InteraXon to
Showcase Thought-controlled
iPad Game and 3D TV

Experience at CES’11 (2010)

CAN

Sciulli Digital Media Group -
Web 3.0 is Here? The First
Thought-controlled Social Media
Network with NeuroSky devices

(2011)

USA

Emotiv, Google - Google
Research Award ($71,579) for
Project Using Emotiv Epoc

(2011)

USA

Mattel; NeuroSky - CES:
Mindflex 2 from Mattel Comes
with Multiplayer Gameplay

(2011)

USA

Ferrari - Future Ferraris Equipped
with Biometric and Psychometric

Sensors (2011)

ITA

Hewlett-Packard - Hewlett-
Packard to Put Mind Control in

Their PCs (2011)

USA
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Honda Creates Brain-Reading

Driving Hat (2011)

JPN

National Institute for
Physiological Sciences -
Abnormal neural activity recorded
from the deep brain of Parkinson's
disease and dystonia patients

(2011)

JPN

Rensselaer Polytechnic - XXXY’s
Infinity Simulator Connects
Emotiv Headset to Theatrical

Flying Rig (2011)

USA

Ecole Polytechnique Fédérale de
Lausanne - Multitasking with

Brain-Computer Interfaces (2011)

CHE

University of Auckland, Emotiv -
Robot Programmed to Respond
Facial Movements with Emotiv

EPOC (2011)

NZL

Brown University - BrainGate
neural interface system reaches
1,000-day performance milestone

(2011)

USA

MindLab - An Insight into
Mindlab’s Neuromarketing in
Practice (Quantifying human

behaviours via EEG) (2011)

GBR

Washington University -
Technique for letting brain talk to
computers now tunes in speech

(2011)

USA

Semiahmoo Secondary School -
Science Student Aims to Win
with Computer-Aided Telepathic

Communications (2011)

CAN

University of Syndey - Emotiv
Co-Founder Allan Snyder’s
“Thinking Cap” to boost

creativity (2011)

AUS
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Neurowear; NeuroSky - Show
Your Mood with Brain-Controlled

“Necomimi” Cat Ears (2011)

JPN/

USA

University of Michigan -
Navigating in a Virtual 3D
Environment with Emotiv EPOC

(2011)

USA

University of Liége - New Test
Detects Signs of Consciousness in

Vegetative State Patients (2011)

BEL

Variety.com - Neurocinema Gives
You More Honest Audience

Feedback (2011)

USA

University of Western Ontario -
Research turns the world upside
down: New study examines brain
processes behind facial

recognition (2011)

CAN

Brown University - Researchers
map, measure brain's neural

connections (2011)

USA

Intendix - Type 5-10 Characters
Per Minute with Intendix

Thought-Writer (2011)

AUT

University of Michigan — Non-
invasive brain implant could
someday translate thoughts into

movement (2011)

USA

University of Western Ontario -
Researchers can predict future
actions from human brain activity

(2011)

CAN

IMEC - New EEG Headset From
Imec to Compete Existing Brain-

Reading Products (2011)

BEL /
NLD /

Other

University of Manchester - Chips
hold the key to understanding the

human brain (2011)

GBR

American Friends of Tel Aviv
University - Cracking the code of

the mind (2011)

USA
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Albert-Ludwigs-Universitat
Freiburg - Getting a grip on

grasping (2011)

DEU

University of Maryland - 'Brain
cap' technology turns thought into
motion; Mind-machine interface
could lead to new life-changing
technologies for millions of

people (2011)

USA

NeuroSky; Neurowear - Show
Your Mood with Brain-Controlled

“Necomimi” Cat Ears (2011)

USA/

JPN

Toyota - Shift Gears With Your
Mind When Riding the Toyota

Prius Concept Bike (2011)

JPN

Puzzlebox Brainstorms -
Puzzlebox Brainstorms Enables
Controlling iRobot Roomba with
Your Mind by using commercial

BCI devices (2011)

GBR

University of Liége - Brain waves
control the impact of noise on

sleep (2011)

BEL

G.Tec; Linden Lab - Second Life
Avatars Controlled Via Brain-

computer Interface (2011)

AUT/

USA

National Science Foundation;
University of Washington - Five
years of funding ($18.5 Million)
to Brain-Machine Connection

Research (2011)

USA

University of Washington -
Proton-Based Transistors for
Future Prosthetics and

Biofeedback Sensors (2011)

USA

KDDI; NeuroSky - Android OS
Gets Mobile Brainwave

Measurement System (2011)

JPN/

USA
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University of California, Berkeley
- Dream Recording Device

Around the Corner? (2011)

USA

Duke University - Brain-
Machine-Brain Interface (BMBI)
Enables Tactile Feedback,
Explores New Sensory Channel

(2011)

USA

Nissan; Ecole Polytechnique
Fédérale de Lausanne - Nissan
Cars to Read the Driver’s

Thoughts (2011)

JPN/

CHE

Haier; NeuroSky - Brain-
Controlled TV Available in China

Announced for 2011 (2011)

CHN/

USA

Panasonic; University of Fukui -
Panasonic Develops EEG Based
Volume Level Fitting for Hearing

Aids (2011)

JPN

American Friends of Tel Aviv
University - Robot brain
implanted in a rodent: Researcher
implants robotic cerebellum to

repair motor function (2011)

USA

University of California, Berkeley
- Study shows brain flexibility,
gives hope for natural-feeling

neuroprosthetics (2012)

USA

University of California, San
Francisco - How selective hearing
works in the brain: 'Cocktail party

effect' explained (2012)

USA

National Institutes of Health -
Brain-activated muscle
stimulation restores monkeys'
hand movement after paralysis

(2012)

USA
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Brown University - People with
paralysis control robotic arms to
reach and grasp using brain

computer interface (2012)

USA

Albert-Ludwigs-Universitat
Freiburg - Brain controlled
robotic arm: Scientists read out
arm movements from brain's

surface (2012)

DEU

University of Stanford - fMRI
Locates Overactive Brain Areas,

Helps Fight Depression (2012)

USA

University of Pennsylvania - Mind reading

from brain recordings? ‘Neural fingerprints'

of memory associations decoded (2012)

USA

Duke University - Brain center for
social choices discovered: Poker-
playing subjects seen weighing

whether to bluff (2012)

USA

Emotiv; NeuroSky - Emotiv and
NeuroSky Update Developer
Tools, More Mind-Controlled

Apple Devices Anticipated (2012)

USA

American Friends of Tel Aviv
University — Protein-based
coating could help rehabilitate

long-term brain function (2012)

USA

NeuroSky - NeuroSky Launches
MindWave Mobile at Gadget

Show Live (2012)

USA

Newcastle University; Institute of
Cognitive Sciences and
Technologies - Neural interface
for hand prosthesis can restore
function in brain areas responsible

for motor control (2012)

GBR/

ITA
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National Institute of Standards
and Technology; Physikalisch
Technische Bundesanstalt -
Noninvasive miniature sensor
measures magnetic activity in

human brain (2012)

DEU/

USA

Albert-Ludwigs-Universitat
Freiburg - 'Doctor’ or ‘darling' --
Subtle differences of speech:
Brain signals tell who someone is

talking to (2012)

DEU

University of Michigan - Better
brain implant: Slim electrode

cozies up to single neurons (2012)

USA

Keio University - EEG Headband
Aims to Monitor Real-Time User

Experience (2012)

JPN

Albert-Ludwigs Universitat
Freiburg - Brain-machine
interfaces: How do you
differentiate between a mere urge

and a deliberate intention? (2012)

DEU

Institut National de Recherche en
Informatique et en Automatique;
Ubisoft - OpenVibe2 Offers Open
Source Brain-Computer Interface
Platform, Ubisoft Supports the

Initiative (2012)

FRA

Béziers Technology Institute;
Bar-1lan University - Robot
Controlled by Human Mind Using

fMRI (2012)

ISR/

FRA

Stanford School of Engineering -
Leap forward in brain-controlled
computer cursors: New algorithm
greatly improves speed and

accuracy (2012)

USA
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InteraXon - InteraXon Presents Its
Own BCI Headset at TechCrunch

Disrupt (2012)

CAN

Intel - Intel CTO Justin Rattner
Wears Necomimi Onstage,
Promises Intel Will Go All the

Way to Mindreading (2012)

USA

Emotiv; eSharp - eSharp Links
Emotiv SDK to Visual C=, Needs
to Raise $3000 to Make BCI
Development Easier and More

Fun (2012)

AUS

Global Industry Analysts, Inc. ,
reported by Neurogadget.com -
Rise of Neurostimulation, an

Industry Predicted to be Worth

$6.9 Billion by 2018 (2012)

USA

Texas Instruments - The World’s
Lowest-Noise Chip for Non-
Invasive Brain Wave Monitoring

(2012)

USA

Institute for Ethics & Emerging
Technologies - Foremost Futurist
Michio Kaku About Brain-to-
Brain Communication, Why the

Next Step Is the Brain Net (2012)

USA

Imec Holst Centre; Panasonic -
Imec, Panasonic and Holst Centre
Present Their New EEG Headset

Prototype (2012)

BEL /
NLD /

JPN

InteraXon - InteraXon Unveils
Muse: A Sleek & Stylish 4 Sensor

BCI Headband (2012)

CAN

Chalmers University of
Technology - Thought-controlled
prosthesis changing lives of

amputees (2012)

SWE

AIST; CNRS - Mind-controlled
robot development in Japanese-

French joint laboratory (2012)

JPN/

FRA
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Emotiv; SensoMotoric
Instruments - Emotiv Partner
With Eye Tracking Leader SMI to
Merge Brain Response And

Visual Perception (2012)

AUS/

DEU

University of Edinburgh -
Rhythms in the brain help give a
sense of location, study shows

(2013)

GBR

United States Congress - BCI
research must be at high level of
national priority, suggests US
Congressman Chaka Fattah

(2013)

USA

University of Pittsburgh -
Paralyzed man uses thoughts
alone to control robot arm, touch
friend's hand, after seven years

(2013)

USA

Duke University - Brain prostheses
create a sense of touch: Infrared
signaling could create sense of touch in

artificial limbs (2013)

USA

Chalmers University of
Technology - World premiere of
muscle and nerve controlled arm

prosthesis (2013)

SWE

Brown Univesity - Novel wireless
brain sensor unveiled: Wireless,
broadband, rechargeable, fully

implantable (2013)

USA

National Institute for
Physiological Sciences;
Univesrity of Washington -
Restoring paretic hand function
via an artificial neural connection

bridging spinal cord injury (2013)

JPN/

USA
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University of Chicago Medical
Center - Sense of touch
reproduced through prosthetic

hand (2013)

USA

Neurogadget.com on Emotiv -
InteraXon raises 6M in Series-A
funding, solidifies itself as a rising
power in the consumer BCI

market (2013)

CAN

Emotiv - Emotiv unveils Insight, a
powerful new EEG headset that

doesn’t require saline (2013)

AUS

The Hong Kong Polytechnic
University - Novel brain training
device to reconnect brain and

paralyzed limb after stroke (2013)

HKG

University of Minnesota -
Helicopter takes to the skies with
the power of human thought

(2013)

USA

Albert-Ludwigs-Universitat
Freiburg - Mapping the brain:
Researchers use signals from
natural movements to identify

brain regions (2013)

DEU

University of Washington - New
tasks become as simple as waving
a hand with brain-computer

interfaces (2013)

USA

Duke University - Carbon
nanotube harpoon catches
individual brain-cell signals

(2014)

USA

Ecole Polytechnique Fédérale de
Lausanne; Allen Institute for
Brain Science - Neural
simulations hint at the origin of

brain waves (2013)

CHE/

USA
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University of Washington -
Researcher controls colleague's
motions in first human brain-to-

brain interface (2013)

USA

Virginia Tech - Covert operations:
Your brain digitally remastered

for clarity of thought (2013)

USA

University of Chicago Medical
Center - A blueprint for restoring
touch with a prosthetic hand

(2013)

USA

Duke Medicine - Monkeys use
minds to move two virtual arms

(2013)

USA

University of California, San
Diego Health Sciences - Water-
based imaging maps brain

neurons before surgery (2013)

USA

OpenBCl - OpenBCIl develops an
open source brain-computer

interface for the masses (2013)

USA

Case Western Reserve University
- Neural prosthesis restores

behavior after brain injury (2013)

USA

Sony; Electro-Communications
University - Sony files patent for
a brainwave-reading

“SmartWig’(2013)

JPN

Intel - CES 2014: Intel launches
RealSense brand, aims to interface
with your brain in the long run

(2014)

USA

Aurora - Aurora smart headband
gives you control over your lucid

dreams (2014)

USA

Dartmouth College - First
evidence of common brain code

for space, time, distance (2014)

USA
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University of Oxford - What
makes us human? Unique brain
area linked to higher cognitive

powers (2014)

GBR

MindRider - MindRider bike
helmet flashes the cyclist’s
emotions, maps where you are

stressed (2014)

USA

Cornell University - Brain signals
move paralyzed limbs in new

experiment (2014)

USA

Georgia Institute of Technology -
Robotic prosthesis turns drummer

into a three-armed cyborg (2014)

USA

The Agency for Science,
Technology and Research -
Thinner probe array that uses
silicon-based microstructure could
underpin safer neural implants

(2014)

SGP

Univesity of San Diego -
Bioengineer studying how the

brain controls movement (2014)

USA

Aalto University - Movies
synchronize brains: Brain activity
patterns show remarkable
similarities across different people

(2014)

FIN

American Association of
Neurological Surgeons -
Proprioceptive feedback helps
rehab patients learning to operate

robotic prosthetic (2014)

USA

Technical University of Munich;
Technical University of Berlin -
BrainFlight, German scientists
make it possible to fly a plane

with your brain (2014)

DEU
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Johns Hopkins Medicine - Fight-
or-flight chemical prepares cells
to shift the brain from subdued to

alert state (2014)

USA

University of Cambridge -
Modeling how neurons work
together may help design robotic

limbs (2014)

GBR

Ohio State University - New
device allows brain to bypass
spinal cord, move paralyzed limbs

(2014)

USA

University of Osaka - First BCI
capable of learning commands
aims to reduce mental fatigue

(2014)

JPN

Georgia State University - Hidden
variations in neuronal networks
may explain differences in
traumatic brain injury outcomes

(2014)

USA

University of Western Australia;
Université Pierre et Marie Curie -
Could your brain be
reprogrammed to work better?

(2014)

AUS/

FRA

Investigacion y Desarrollo - New
prosthetic arm controlled by

neural messages (2014)

MEX

National Institutes of Natural
Sciences - Bypass commands
from brain to legs through

computer (2014)

JPN

Carnegie Mellon University -
Flexing the brain: Why learning

tasks can be difficult (2014)

USA
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University of Minnesota - Yoga,

meditation may help train brain to

USA
help people control computers
with their mind (2014)
Philips; Accenture; Emotiv -

NLD /
Philips and Accenture have

IRE/
partnered with Emotiv to improve

AUS
the life of ALS patients (2014)
Chalmers University of
Technolgy - Mind-controlled

SWE
prosthetic arms that work in daily
life are now a reality (2014)
University of Washington -
Scientists Achieve Direct Brain-

USA

To-Brain Communication

Between Humans (2014)
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Research Non-Prosthetics /
Venture Corporate Total Neuro- Prosthe Neuro-
Invasive? | Institutes Personal
Projects Projects Projects science tics prosthetics
Projects Consumption

BCI Projects by USA 39 79 17 11 107 35 46 30 54
BCI Projects by JPN 3 - 4 8 24 4 1 4 14
BCI Projects by GBR 2

BCI Projects by DEU 2

BCI Projects by AUS 0

BCI Projects by CAN 0

BCI Projects by NLD 0

BCI Projects by FRA 0 5 0 1 6 1 1 1 4
BCI Projects by BEL 0 4 1 1 6 2 0 0 1
BCI Projects by CHE 2 4 0 1 5 2 0 1 2
BCI Projects by SWE 2 3 0 0 3 0 - 0 0
BCI Projects by ITA 2 2 0 1 3 1 1 2 1
BCI Projects by ISR 1 2 0 0 2 0 1 1 1
BCI Projects by AUT 0 0 2 0 2 0 0 0 2
BCI Projects by NZL 0 1 1 0 2 0 0 0 1
BCI Projects by ESP 0 1 0 0 1 0 1 0 1
BCI Projects by SGP 1 1 0 0 1 0 0 1 0
BCI Projects by MEX 1 1 0 0 1 0 1 0 0

*Note: Double counting allowed *Note 2: The purpose of this analysis is to look for research

for joint projects or if project trends or commercialization efforts. This analysis does not

spans across different applications  represent BCI technology levels of individual countries.
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