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What if others could read your mind?

Brain-computer interface technology has been advancing rapidly and will continue to do so as our knowledge
of how the brain works increases. Could this transform our understanding of life as we know it?

A brain-computer interface (BCI)! is a direct communication pathway between the brain and an external
device. This technology can be used to restore motor and sensory capacities which may have been lost
through trauma, disease or congenital conditions. For example, combined with limb-replacement
technology, BCI may allow patients not only to move prosthetic limbs, but also to feel the sensation of touch.

The technology can either be implanted (invasive) or used externally (non-invasive). Invasive BClIs,
including neuroprosthetics and brain implants, are devices which connect directly to the brain and are
placed on its surface or attached to the cortex. A key application area for contemporary brain implant
research is the development of biomedical prostheses to circumvent areas of the brain that have become
dysfunctional after a stroke or other trauma. With deep brain stimulation, a 'brain pacemaker' sends
electrical impulses to specific parts of the brain for the treatment of disorders such as Parkinson's disease,
dystonia and major depression. Non-invasive BCIs consist of a range of technological devices which provide
a similar interface between the brain and other machines without the need for surgery. There are several
technologies capable of measuring and recording brain activity, although the signal quality may be weaker
than is possible with implanted devices. Nonetheless, non-invasive BCls have been used effectively, for
example to control prosthetic hands.

Potential Impacts and Developments

First, steady growth in the use of BCls is expected in various domains. For example, while many deaf and
hearing impaired people already use cochlear implants, it is estimated that by 2020 the majority of all
children worldwide with hearing loss will have access to these implants before the age of five. Over 100 000

patients already use 'brain pacemakers' to treat Parkinson's and other movement disorders, and these
devices may be used in the future to treat a wider range of disorders, such as schizophrenia or Alzheimer's
disease.

Second, several improvements and new developments in BCIs are expected, enabling greater uptake. BCI
technologies may gradually become smaller, more effective and more intuitive. The need for wires has
presented a barrier for some applications, but wireless interface devices have been developed which could
enable more widespread use. There is already a commercially available, portable and affordable device that
records activity in the brain and transmits it to computers or smart phones via USB, and recent experiments
have created a connection between two people at a distance, with BCIs transmitting and receiving signals

directly, effectively allowing the users to communicate 'telepathically'.

These developments will lead to debates about the impact of BCIs on society. We must consider questions of
privacy (who has access to what, under which circumstances?), informed consent (how do we determine
whether the patient has consented to a procedure?) and responsibility (who is responsible if something goes
wrong?). However, debates about BCIs have some other interesting dimensions, including what it means to
be a 'normal' human. Defining normality and disability/disease is not straightforward, as history has shown
such definitions to be flexible, overlapping and context sensitive. Implants considered by some as medical
may be seen as cosmetic by others. Without a fixed definition of normality, it is difficult to say whether an

1 Also known as mind-machine interfaces (MMI), direct neural interfaces (DNI), synthetic telepathy interfaces (STI) or
brain-machine interfaces (BMI).

EPRS | European Parliamentary Research Service
Authors: Philip Boucher, Mihalis Kritikos and Lieve Van Woensel
Scientific Foresight Unit (STOA)

April 2016 - PE 581.421


http://www.medicalnewstoday.com/articles/265445.php
https://www.sciencedaily.com/releases/2015/03/150331131336.htm
http://www.bbc.co.uk/newsround/27503560
http://www.medel.com/cochlear-implants-facts/
http://www.nature.com/news/neuroscience-tuning-the-brain-1.14900
http://www.nature.com/news/neuroscience-tuning-the-brain-1.14900
http://www.technologyreview.com/news/534206/a-brain-computer-interface-that-works-wirelessly/
https://emotiv.com/epoc.php
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111332

implant to improve cognitive or motor skills is a medical procedure to recover normal function, or an
artificial enhancement of their natural state. While the costs of treatments to aid recovery from medical
problems are often supplemented by the State, this is not usually the case for treatments for enhancements.
As such, BCIs may force us to consider more carefully how we define the boundary between recovery from
medical problems and human enhancement. Furthermore, human enhancement may not always be as
desirable as it seems: while few would deny an Alzheimer's patient the opportunity to remember more of his
or her life, an enhanced memory might prevent us from overcoming personal traumas. Indeed, the act of
forgetting has many important functions in our lives and societies. Similarly, technologies to enable hearing
among deaf people are controversial because, if cochlear implants were to eradicate deafness, they might
also eradicate the deaf community, along with its unique language and culture. This is one reason why the
deaf community does not always support technologies to enable hearing. Even though BClIs are applied to
individuals, they may have wider social impacts. Could new communities of enhanced humans emerge,
splitting away from the rest of society and further developing their privileged position?

Debate about BCls can easily lead to speculation about a sinister future, with the concept of surveillance
exaggerated to include 'thought police' and even mind control. Imagine a functional implant used to prove
your identity. This could enable greater surveillance of your movements by the state. Then, as BCIs develop
and become commonplace, perhaps the state could use the technology to detect subversive or criminal
intentions and, eventually, to intervene directly before they are carried out. Of course, while functional
implants are increasingly common, mind reading (and, indeed, mind control) remains firmly in the realm of
science fiction. However, if we allow fears about potential problems in the future to overly restrict the
development of BCI technology, we might also hinder the development of medical treatments for diseases
such as Parkinson's and Alzheimer's.

Anticipatory law-making

The possible commercialisation of BCI technologies raises a number of challenging legal issues that touch
upon privacy, data protection, ownership, autonomy, personhood, safety, human dignity and mental
integrity. If BCI devices were to become widespread, we might see private information about personal
preferences, memories, prejudices and beliefs being extracted from individuals without their permission. For
this reason, the introduction of privacy-by-design legal safeguards will need to be discussed at the earliest
stages of research and development of this technological trajectory.

The connection of the human brain with an internet-enabled computer raises serious concerns about the
adequacy of the current legal framework to respond fully to the potential threats to personal autonomy,
integrity and privacy. A legal approach is also needed to respond to the challenges of controlling potential
misuse/dual use of BCIs to assess or control mood, emotion, fatigue or cognitive functions. The introduction
of horizontal legal safeguards may set a limit on the type and nature of information obtained or monitored,
or the mental vulnerabilities manipulated. With regard to the latter, allowing the use of BCI devices opens
up the discussion as to whether the standard informed consent procedures provide sufficient legal
protection to respond to the heightened long-term safety and effectiveness risks that BCls may represent.

Moreover, the risk/benefit analysis for such a technological application, which aims to prevent and mitigate
potential negative side-effects, needs to be addressed in a legally harmonised way at the EU level. Particular
attention should also be given to the notion of legal responsibility in case of erroneous actions that may
affect bodily integrity and cognitive liberty, ownership and safety.

Lawmakers must ensure that methods of data transmission are robust and secure. The potential of this
human-integrated technology to cause irreversible damage to our privacy, intimacy and autonomy will
certainly raise questions about the extent to which the law is able to provide satisfactory responses,
especially at a trans-national level. The potential of BCIs to enhance or stimulate human capacities brings
with it the same challenges as are already associated with human enhancement techniques, in that a medical
application of a given technology must be separated from a non-therapeutic enhancement application and
legally guiding criteria devised to help define their legitimate and ethically permissible use.

© European Union, 2016.

This 'What if ... ?' publication is a product of the Scientific Foresight Unit (STOA) of EPRS. More information on the unit's activities
can be found at http://www.europarl.europa.eu/stoa/ and http://epthinktank.eu/author/stoablogger/

The content of this document is the sole responsibility of the authors and any opinions expressed therein do not necessarily
represent the official position of the European Parliament. Reproduction and translation for non-commercial purposes are
authorised, provided the source is acknowledged and the publisher is given prior notice and sent a copy.


http://www.europarl.europa.eu/stoa/
http://epthinktank.eu/author/stoablogger/
http://www.theatlantic.com/health/archive/2013/08/understanding-deafness-not-everyone-wants-to-be-fixed/278527/

	What if others could read your mind?
	Potential Impacts and Developments
	Anticipatory law-making



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



