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Abstract
This position paper begins by presenting the concepts of
passive brain computer interfaces (Passive BCIs) as well
as Neuroadaptive Technology. It then presents a number
of examples of work done in the field of artistic brain
computer interfaces (Arts BCIs). A brief analysis of these
examples places them into broad categories, determined
by their technical and artistic features. The challenges
involved in making effective Arts BCIs in these various
categories is catalogued and discussed. It is then argued
that Passive BCIs and Neuroadaptive Technology offer
potentially viable and interesting solutions to these
challenges.
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Introduction
The present discussion is meant to compliment, to some
degree, the ideas taken up by [6] and [1]. Therefore, we
shall adopt a similar strategy of referring to and analyzing
a number of examples of Arts BCIs. We shall, thereby
attempt to identify within them what we see as particular



challenges which face any BCI artist.

Unfortunately space does not allow thorough discussion of
all the works referred to here. We limit our discussion to
identifying a short list of conspicuous problems with which
BCI technologies can challenge a BCI artist, and
proposing (hopefully justifiably so) that Passive BCI[23]
and Neuroadaptive Technology[8] may be used to address
these issues. Indeed, a number of the examples cited
below are already taking advantage of these concepts.

As a final note, this position paper focuses exclusively on
electroencephalography (EEG) as a method for reading
brain signals. Magnetic resonance imaging (MRI) and
near-infrared spectroscopy (NIRS) are not considered here
since EEG devices are far more ubiquitous in Arts BCIs.

Passive BCI and Neuroadaptive Technology
Passive BCI is a tool that records changes in brain state
and interprets them automatically. The user does not
voluntarily control the system. Rather, the system
periodically probes the user and attempts to determine an
appropriate action to take in response to the perceived
brain state. A classic example from neuroergonomics
would be a BCI that determines the alertness of a truck
driver. The computer periodically checks the operator’s
brain state and if it appears that he is too tired to
continue driving safely he will be alerted. This is in
contrast with Active BCI in which a user attempts to
exert voluntary control over a system with only her
mind.[22] Common paradigms include the P300 speller,
motor-imagery, solid state visually evoked potentials, and
others.

In the beginning, Passive BCIs were conceived as a way of
improving user experience by providing additional
information to the computer about the user as part of a

more elaborate human computer interaction (HCI).[11]
This is accomplished by determining features present in
brain signals that strongly correlate with an expected
mental state (e.g. alertness) and building a system that
monitors that state. Measuring alertness itself can’t drive
a truck, but it can help to ensure that the operator
operates the vehicle in a way that maximizes safety.
Neuroadaptive Technology is BCI technology that can
increase the degree to which a Passive BCI can control a
system. It does by periodically probing the user’s mental
state through some kind of stimulation and gauging (by
way of complicated signal processing, statistical analysis,
and machine learning) his response. It has been
demonstrated that this is a successful method for creating
a Passive BCI that drives a robotic arm [9] and one that
moves a cursor to a desired target on a grid.[24]

Identifying Challenges
A great deal of Arts BCI technology is developed with the
goal of improving quality of life for people that suffer from
debilitating injuries and diseases. The P300 and motor
imagery paradigms (as well as variations on the same)
have been used to develop BCIs that allow people who
suffer from loss of mobility to paint, write, and compose
music.[16][3][2] Although these paradigms are not nearly
as robust from an end-user perspective as traditional HCI
tools (i.e. mouse, keyboard, and touchscreen) for those
suffering from immobility, this is extremely helpful.

This is a ‘classic’ formula for designing a BCI: harvest a
well known physiological brain signal (like the P300) and
figure out a clever way to use it to control a basic task
(such as writing or drawing). However, this Active BCI
technology is not necessarily of much value to healthy
users, because the BCIs involved are far less robust and
accurate than traditional HCI methods (not to mention



pen and paper). Another huge drawback to this formula is
the low rate of information transfer.

So, artists using this formula must offer some
enhancement to justify its use. Approaches include
utilizing a social aspect (e.g. Ringing Minds in [15]),
making the output thrilling (e.g. driving an earth mover
with a P300 paradigm1), and using a Hybrid BCI
approach2.[5]

Obviously art and human emotion are strongly tied.
However, assessing emotion using EEG is not simple.
There have been a number of studies that attempt to
infer emotional states from EEG signals. These studies
rely on pictures, music, or stories to entice subjects into
succumbing to the desired emotional state.[17][20][12][10]
Just (2010) by Makeig and others makes use of this
research by using a BCI to asses the emotional state of a
performer’s EEG signal.[13] This classification affects the
outcome of a live musical performance.

Just utilizes a sophisticated pattern recognition algorithm
(which must be carefully trained) to discern the
performer’s emotional state, but there are also simpler
ways of extracting emotional features. It is well
established that valence (how ‘attractive’ something is) is
indicated in EEG by frontal asymmetry.[7][19] This is can
be combined with a measure of arousal to form a 2
dimensional ‘emotional space’ used for controlling a
(musical) Arts BCI. See for example The Space Between
Us (2014)[4] or MoodMixer (2011-2014).[15] There have
also been attempts to use ‘emotional’ features of EEG to
determine the outcome of a theatrical performance.[21]

1https://www.youtube.com/watch?v=LbxQ0x969bk
2A Hybrid BCI is one that uses multiple techniques for gathering

brain states at the same time.[18]

Gürkök et al. identify three categories of Arts BCI[6]
(after Miranda, who proposes these classifications in
terms of musical BCIs[14]). The first
(‘audification/visualization’) comprises those in which the
brain activity is shown by ‘direct representation’. In the
second (‘musification/animation’) brain activity is
‘processed but not mapped directly onto audio/visual
signals’. The third is called ‘instrument control’. This is
defined by BCIs that ‘convert brain signals to control
commands’ (e.g. the Active BCIs such as the examples
given above).

An example of this first category is The Glass Brain
visualization by Tim Mullen3 in which brain connectivity
measures are mapped directly (in real-time) to a navigable
3D virtual reality display of a brain. Another example is
E.E.G. Kiss (2014-) by Karen Lancel and Hermen Maat.4

In that work, audience members (perhaps perfect
strangers) are invited to come to the center of a room,
wear EEG headsets, and kiss. The EEG signals are
displayed in real-time and the question is asked whether or
not the feeling of kissing can (or can’t) be portrayed by
the EEG itself.

In this author’s opinions, Gürkök et al. incorrectly identify
Music for Solo Performer (1965)5 by Alvin Lucier (widely
considered the first ever Arts BCI6) as an example of
‘audification’. It is, in fact, ‘musicification’. In this piece a
performer sits on stage with an EEG cap amongst
percussion instruments that are strewn about. The alpha
waves are filtered from the EEG, amplified, and these

3http://www.antillipsi.net/art-1/the-glass-brain
4https://www.lancelmaat.nl/work/e.e.g-kiss/
5https://www.youtube.com/watch?v=bIPU2ynqy2Y&list=

RDbIPU2ynqy2Y&t=9
6Technically this is a brain machine interface as there is no com-

puter, but it is oft cited in the Arts BCI literature.

http://www.antillipsi.net/art-1/the-glass-brain
https://www.lancelmaat.nl/work/e.e.g-kiss/
https://www.youtube.com/watch?v=bIPU2ynqy2Y&list=RDbIPU2ynqy2Y&t=9
https://www.youtube.com/watch?v=bIPU2ynqy2Y&list=RDbIPU2ynqy2Y&t=9


sub-sonic vibrations drive the percussion instruments.
Here, the alpha rhythms of the performer are not
immediately on display. They are, in fact, ‘processed’,
albeit by acoustic resonance rather than computation. In
this sense the alpha waves of the performer are mapped
onto other sounds. Another example of EEG ‘musification’
is Vessels (2015-)7 by Grace Leslie. There, the amplitude
and frequency of biophysiological signals (including
neuronal signals) are used to activate pre-recorded sounds.

Again, a significant challenge in displaying brain activity
(more or less directly) is the difficulty for the audience to
grasp a meaningful connection between brain and art.
Even in the case of a very clear and impressive
visualization like The Glass Brain the question remains
whether or not seeing the brain ‘in action’ tells us
anything. The creators of E.E.G. Kiss ask this question
explicitly as part of their installation.

Overcoming Challenges
Before proceeding, we recapitulate the challenges we’ve
identified in creating Arts BCIs. BCIs are inferior to
traditional HCIs (mouse, keyboard, touch) in terms of
bit-rate and accuracy. There is the problem, especially
evident in live performances, of cognitive disassociation:
the inability for the audience to connect what is
happening, with why it is happening. There is also the
problem, simultaneously technical and conceptual, of
making sense of emotional states in a way that a
computer can understand.

Passive BCI abnigates the problem of low accuracy and
information transfer for the user. This is true because in
both Active and Passive BCIs, the computer side of the
system is burdened with the task of (accurately)

7http://www.graceleslie.com/Vessels

interpreting brain states. But, in the case of Passive BCIs,
the user is not required to be in anyway virtuosic. Any
possible frustration due to lack of control or slow
information transfer simply isn’t there.

In a similar way, employing Passive BCI sidesteps the
problem of cognitive disassociation. Since a Passive BCI is
(by definition) one that relies upon sub-conscious input,
the degree to which an artist is consciously controling a
BCI is not an issue.

It is true that human emotion is little understood. It is
possible to draw some conclusions about the average
cortical activity measured via EEG while the average
person is (we hope) feeling certain feelings, as
demonstrated in [20], etc. However, such measurements
say nothing whatsoever about the meaning of such
feelings; or, to put it another way, how such feelings feel.
For the BCI artist interested in exploring human emotion
via BCI, this poses a problem: namely, how to transfer
these highly variable brain states into reliable, meaningful
activations.

Here, (and this is truly just speculation because there is
no research known to this author which definitively
supports or rejects this claim) Neuroadaptive Technology
may be of some assistance. In the aforementioned study,
[24] a Passive BCI is implicitly determines the degree to
whicha subject approves of where a cursor has recently
moved on a grid. In this setup there is a goal on a grid for
the cursor to reach. The computer moves the cursor
randomly, step by step, through the grid. At each move
the subject’s EEG is registered and a learning algorithm
deduces what the most salient features are and to how
those features inform the ‘success’ of the last cursor
move. Through this probing with random moves, the
computer constructs a model of the user’s ‘desires’. This

http://www.graceleslie.com/Vessels


approach is validated by a second stage of the experiment
wherein the learned model is used to adjust its movement
of the cursor so that it tends more quickly towards the
goal. By limiting the probability of which direction the
cursor will move next in accordance with the measured
approval of the subject (who is still ignorant of having any
control), the cursor reaches the goal in fewer moves.

What is important here is that it has been demonstrated
that a Neuroadaptive Passive BCI allows a user to
unconsciously communicate a ‘desire’ to the computer.
This is a very interesting idea. As mentioned in [6], it is
ridiculous to suggest that a BCI could somehow read our
dreams and construct an artistic manifestation of them;
certainly not one that compares with (for example) a song
by Dolly Parton or the ceiling of the Sistine Chapel.
However, if a Neuroadaptive Passive Arts BCI which tries
to ‘understand’ the needs to the user could be
constructed, this could be make for some very interesting
art.
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