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Abstract
UPDATED–February 2, 2018. Passive Brain-computer In-
terfaces (BCIs) commonly provide users visual feedback
associated with certain cognitive states. While previous
BCI systems have investigated artistic neurophysiological
feedback, there is limited work exploring the use of gamifi-
cation with artistic BCI. This work-in-progress project aims
to present this approach via a multi-modal, web-based ap-
plication that allows users to paint abstract art competi-
tively. The Brain-based painting application features a brush
that dynamically changes in size and color in response to a
user’s cognitive state.
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Introduction
Digital painting applications, such as Microsoft Paint, have
come standard in computers since November of 1985, giv-
ing users a creative outlet for digital art. A choice of color
palettes, brush sizes, brush types, and an open canvas are
standard across most digital painting applications. Neuro-



Brush attempts to fuse the traditional digital painting appli-
cation with Brain-computer Interface (BCI).

BCIs were originally targeted to assist paralyzed individ-
uals by allowing direct communication between the brain
and device. Other fields are taking advantage of this abil-
ity to incorporate brain power into ubiquitous computing,
broadening the effective scope of BCI. One example lies in
Artistic BCI, which is defined as a visual form of expression
of a user’s affective state [5]. The introduction of art to BCI
has permitted users to collaborate in a creative and expres-
sive manner through cognitive commands. Studies have
shown that art therapy can help foster a greater sense of
self-awareness, lower anxiety and better social skills. Re-
peated exposure to this technology can positively benefit
those suffering from illness, trauma, mental health issues,
and other personal growth matter [3].

The objective of this work-in-progress paper is to expand on
this prior work by integrating gamification, art, and multi-
modal BCI. This work also aims to to build on previous
artistic BCI control mechanisms by exploring a multiparty
competitive approach. Generally, this project hopes to ex-
plore how combining these approaches could influence
BCI-based self-regulation training.

Related Works
Bacteria Hunt is a multi-modal BCI game that utilizes alpha
activity, Steady State Visually Evoked Potential (SSVEP),
and arrow key events to allow for users to control a bac-
terium and compete for points. [4] The mechanisms used
for controlling the bacteria, as well as the influence on the
bacteria’s motion, heavily influenced the control mecha-
nisms for this project. Specifically, this project uses relative
alpha and beta frequency bands - which are correlated to
relaxed wakefulness and concentration, respectively - for

influencing the game mechanics. Brain-ball also presented
a similar concept prior to bacteria hunt by allowing users to
control a steel ball with EEG, EMG, temperature, pulse and
skin-conductance data in a competitive environment. [6]
Both of these works explored the effect of competition on a
user’s ability to effectively control their avatar and, as such,
served as inspiration for this project.

In addition to competition, cooperation is also a topic of in-
terest in multiplayer BCI applications. Previous work ex-
plored the quality of social interactions in a cooperative set-
ting, specifically by evaluating the co-experience of players
by comparing BCI control to traditional input modalities. [15]
Previous research has also explored social aspects of by
analyzing various forms of communication, both verbal and
non-verbal, held between the players. [16]

Numerous previous projects have explored artistic BCI [7].
The P300-Brain Painting application had ALS-patients and
healthy participants test various level of neuro-feedback
loops through BCI in order to creatively express themselves
without any voluntary muscle control. [1] The testing con-
sisted of a colored matrix for ALS-patients and a black and
white matrix for healthy patients, measuring the P300 event
related potential (EVP) of both groups. The results indi-
cated that this configuration had a high accuracy / success
rate for the different testing populations. BrainBrush further
explored the concept of artistic BCI by allowing users to
paint art with just their mind reading the P300 EVP of the
user. [8]

Building upon these previous works - gamification and artis-
tic BCI - this project explores a hybrid application which
uses art to present a visual representation of a user’s men-
tal state and emotional response [9] over time in a com-
petitive setting, allowing users to track their ability to self-
regulate in real-time. This project extends the brain painting



concept by supporting competitive multi-user interactions.

Design & Implementation
Through a variety of dynamically changing brush proper-
ties, this project attempts to present the user with a live win-
dow into their cognitive state through art and competition.
With this system, users can practice self-regulation skills in
a competitive, artistic EEG-based environment. The follow-
ing sections outline the overall procedure and rules set by
the project in depth.

Mechanics
NeuroBrush, at its core, is a web application that ties to-
gether several open source packages to build a functional
server that allows multiple players to create a post-modern
artwork competitively.

On the front-end side, the user controls a cursor which
draws upon a blank canvas. As the user moves their brush,
their web browser informs the server of all movement changes,
which are then transmitted through Socket.IO [12] to all
other players. This allows for the connected user to see
their opponents movements and drawings in real-time. Fur-
thermore, the background color of the entire page dynami-
cally updates to match the currently dominant color on the
canvas, presenting players with a way to see who is cur-
rently in the lead.

On the back-end, a Node.JS [10] server actively listens to
incoming messages from connected players and relays
them to the others, listens for incoming EEG signals from
BCI devices (in this project’s case, the Muse headband),
and determines the various brush properties - size, color,
jitter - from said EEG data. This active BCI feedback loop
directly affects the game, thus making the cycle based on
the level of effectance[4].

Figure 1: An abstracted overview of the various mechanics.

Game Rules
The incoming BCI data is used to alter the parameters of
the user’s brush: color, jitter, and size. Relative alpha and
beta band power is recorded to contribute to game the
game.

Beta frequencies are linked to the brush’s color; the higher
the relative band power, the more primary the color. As the
relative band power lowers, the drawn color deviates away
from the primary towards a more subdued secondary. In or-
der to determine how much the secondary color influences
the brush, the following equation is used:

c = p+ s ∗ (0.5− β)

Where c is the color, p is the primary color, s is the sec-
ondary color, and β is the relative beta band power, which
is in the range [0, 1]. The 0.5 is used to lower the overall
influence of the secondary color.



Alpha frequencies are linked to the brush’s size and jitter;
the higher the relative band power, the larger brush size
and the more stable the brush motion. In order to calculate
the final size of the brush, the following equation is used:

s = 45 ∗ (0.25 + 1.5 ∗ α)

Where s is the size and α is the alpha relative band power,
in the range [0, 1].

In order to win, a user must fill enough of the canvas to be
the dominant color overall after a predetermined amount of
time. This is calculated using color-thief [14], which uses
the median cut algorithm created by quantize.js [11]. Users
are designated 2 random, visually distinct colors: a primary
and secondary color. While the dominant color criteria does
not care for whether it is a user’s primary or secondary
color, it is detrimental to the user to not consistently paint
with one of them.

Physical Environment
NeuroBrush is intended to be played in a variety of settings,
whether it be at home, a classroom, or an office. The only
physical requirements are a server for hosting the game,
a computer per player, an Internet connection, and a BCI
device.

Artistic Elements
The basis for the artistic elements of this project lies in the
following categories: color choice and brush style.

After all the users have connected and are ready to play,
this project uses an open source library - distinct-colors [13]
- to generate a list of colors twice the amount of users in
size. Each user is then assigned two colors and paints with
a mix of the two depending on their beta frequency level, as
described in the equation listed in the Game Rules section.

Figure 2: An example painting and associated Color Palette

An example painting with two users is shown in Figure 2.

As for the brush style, this project uses a more angled slash
brush head which allows for a more natural brush stroke
when dragged across the virtual canvas. The specific brush
style used for this project is shown in Figure 3. With this
specific brush style, changes in brush size caused by fluc-
tuating levels of alpha frequencies appear as changes in
pressure of the brush and allow for a more artistic painting
style.

Summary / Future Works
This work-in-progress paper presents a modular application
that leverages artistic BCI feedback and game mechan-
ics. Given more time and research, this project hopes to



Figure 3: The brush style used for this project.

better understand the effects of merging gamification and
artistic BCI and its application in assisting the teaching of
self-regulation through real-time neuro-feedback.

In the future, this project plans to explore audiovisual stimuli
and its effect on game-play. This could promote a more in-
tuned and personal account on what classifies as triggers
or distractions in a competitive environment.
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