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Neurofeedback and BCI

• Neurofeedback is a specific form of biofeedback, which can be used to 
improve self-regulation and brain function in various ways (Playing 
animation).

• Brain-Computer Interaction (BCI) is a technology that makes a direct link 
between brain and computer, providing opportunities in human-computer 
interaction (Control vs. Analytics) 



Attention Training
• Attention training through neurofeedback:  

A user’s concentration level is gathered by sensing Brain-Computer 
Interfaces (BCIs) and presented back to the user so that the user can 
try to adapt her state  

•

\

• If this feedback is transferred to users in a way that they could not establish a logical 
interaction with them, it is possible to have reverse outcomes and feedback and 
cause mental confusion.  



• Training activities are generally designed as repetitive tasks. Need for presenting 
feedback within an interesting scenario. 

• Computer games are a good choice to apply BCI as the players can easily and 
frequently receive feedback while playing and adapt their behaviour based on 
this feedback.  

• Incorporating games into an attention training system can result in a 
motivating and engaging environment.  

    

Attention Training Games

Using brain computer interface (BCI) technology to translate the user’s 
attention state into game mechanic.



• Rules and game mechanics are designed with the goal of encouraging players to 
maintain a particular cognitive state. 

• While playing an attention training game, users are required to maintain their mental 
state as concentrated as possible to progress in the game. 

• Attention Training goal should be realized without losing the enjoyment experience 
of player in the game. Otherwise, the users will be reluctant to use the game for a 
long-term period. 

Attention Training Games



Review of game mechanics for Attention Training

• The strength of the player's armor depends on her level of 
concentration 

• The fog thickens when the person is calm and the environment 
becomes darker when the concentration level is low. 

• Faster speed for higher attention level in car racing games and 
faster speed of the character in FPS games 

• Attention level is used for ammunition, refueling, health and 
speed



Rewarding Framework

• Promoting a desired behaviour  

• Can directly affect the game experience.  

• Motivate players in terms of enjoyment and engagement 

• Need for a different rewarding framework for various games



Common Rewarding Approaches



Negative Reinforcement: 

•Negative behaviour of a player results in creating barriers to proceed in 
the game.  

•Positive behaviours of a player results in removing barriers for the player. 

Positive Reinforcement: 
•Positive behaviours of a player results in better conditions to progress in 
the game.  

 

Common Rewarding Approaches in Games



ExerBrain

• Inspired by the real-word skeet shooting game 
• The proportions of distances among objects and 

flying targets are based on the real-world 
dimensions of the game.  

• Common mouse and keyboard interaction to 
change the direction of gun and also firing. 

Mohammadi, H. S., Pirbabaei, E., Sisi, M. J., & Sekhavat, Y. A. (2018, November). ExerBrain: A Comparison of 
Positive and Negative Reinforcement in Attention Training Using BCI based Computer Games. In 2018 International 
Digital Games Research Conference: Trends, Technologies, and Applications (DGRC) (pp. 167-171). IEEE.



• NeuroSky’s MindWave headset to measure the brain activity of players. 
• Measures brainwaves on the forehead with dry electrodes. 
• This EEG kit processes the raw EEG output to produce attention and 

meditation values. 
• Low price, availability of SDKs, resistance to noise, and ease of usage.
• Between 65-85 percent accuracy of this device in detecting waves 

(Joselli, 2014). 
• NeuroSky’s ThinkGear PlugIn was used in Unity game engine to 

develop the prototypes. 
•

ExerBrain



•  In negative reinforcement, if the player fails to increase his attention amount in 
comparison with the threshold, the hands of his virtual character starts to shake.

Applying Positive and Negative Reinforcement

• In positive reinforcement mode, if the player’s attention level increase in comparison 
with the threshold value, the size of disk becomes larger than the initial defined mode 

A better performance of the negative reinforcement in attention training of the players 



• Serious games are generally developed in the single-player mode 
• Multiplayer gaming can be more enjoyable than solo play by 
offering a social context for competition (Vorderer et al., 2003).  
• Competition is an important parameter in creating the enjoyment 
feeling for players  
• Playing against an opponent evokes a social situation that results 
in better engagement of players in the game (Ravaja et al., 2006).

Multi-player vs. single player 




Towards a Framework for Multiplayer games

• Multiple players simultaneously compete against each other to 
increase desired behaviours.  

• The performance of a player affects the performance of other players 

• Simple positive and negative reinforcement approaches cannot be 
used in this setting  

• Need for a rewarding approach for multiplayer serious games.



Competitive Reinforcement
The behaviour of a player affects the gaming 

conditions of other players

A positive behaviour of a player 
results in making difficult 

conditions for other players to 
compete in the game

Negative behaviour of a player 
affects the gaming parameters of 
other players, such that facilitates 

their progress in the game



Multiplayer Serious games in which the goal of the game is to 
encourage a behaviour (e.g., increasing the attention level in mind 
games, improving driving behaviour).  

Where can be used?



Promoting the concept of competition

Positive behaviour  
of a player

Increasing the score of a player according to 
individual metrics 

Reducing the scores of other players (opponents) 
by changing their group metrics

Makes it difficult for other to gain higher	scores



Promoting the concept of competition

Negative behaviour  
of a player

Reducing the score of a player according to individual  
metrics. 

Increasing the scores of other players by changing 
their group metrics.

Makes it easy for other players to gain higher scores. 



nnn

Rewarding process



Determines the amount of changes in the group metrics. 

Competitive Reinforcement Effect

A function of: 

 - The score of a player given a micro behaviour 

 - The number of players 

 - A weight that determines the importance of micro behaviour



• Maintaining good behaviours to keep high ranking. 
• Negative behaviours widen the gaps between the scores of opponents.  
• Gaining more scores as soon as possible 
• Achieving scores become harder by the good performance of other 

players. 

Consequences



• A multiplayer car racing game with the goal of attention training using neurofeedback.  
• Encouraging players to maintain and increase their attention level while playing. 

Battle of Minds

Sekhavat, Y. A. (2020). Battle of minds: a new interaction approach in BCI games through competitive 
reinforcement. Multimedia Tools and Applications, 79(5), 3449-3464.



Game Design

• Three micro behaviours that are translated to the score are:  
 1. Attention level of players  

 2. Number of collisions 

 3. Position of the car among other cars  



• Developing computer games just based on EEG signals results in a limited 
interaction that can negatively affect the engagement of players

• When EEG signals are combined with traditional interaction mechanics, players 
are better involved in the gaming scenarios. 

• Common keyboard inputs for accelerating, braking, and changing directions. 

•
• EEG signals are used as inputs to manipulate and adjust the scoring functions 

(neurofeedback)

• Players must maintain their mental state as concentrated as possible to progress in 
the game. 

Interaction Design



• Maximum speed: a limiting factor, where a player’s car cannot go beyond the 
maximum speed.

• Number of gears: increasing the number of gears results in reducing acceleration. 
• Torque: more torque means more force to accelerate the car. 

Battle of Minds uses a physics module in which all of these parameters are 
implemented. This physics module is an adapted version of an open source physics 
machine available in www.bonecrackergames.com. 

Parameters affecting the performance of the players



• The battle of minds occurs in the competition phase, where the output of the BCI 
devices are used for competitive reinforcement. 

• Difficulty adjustment in boredom and frustration phases is directing players to the 
Competition Zone.

Game Phases



One problem with the negative reinforcement is that a player does not know 
how to tackle the obstacles and progress in the game if this player has a 
considerable attention deficit. 

Battle of Minds uses MPRL to bring all players in the competition zone 
regardless of their skill levels. 

In the competition zone, the battle of minds occurs where competitive 
reinforcement technique is used. 

Implications



User Study Setting



• Competitive Reinforcement can better encourage players to increase and maintain 

their attention level than Positive and Negative Reinforcement.

• Competitive reinforcement rewarding approach can result in more engagement of 

players than Positive and Negative Reinforcement.

Summery of Results

• Players were more emotionally active in the Competitive reinforcement 

mode than the Positive and Negative Reinforcement.



Battle of Neurones

• Looking for a familiar game with common game mechanics with no cognitive 

load of understanding the game mechanic or user interface.

• 2D shooting game, moving using keyboard 



Battle of Neurones

• Negative Reinforcement: reduction in the attention level of a player 
results in deviation in the bullets fired by the player as punishment. 

• Positive Reinforcement: increase in the attention level results in 
increasing the bullet firing rate as a reward  

• Competitive Reinforcement: an increase in the attention level of a player 
results in the deviation of bullets fired by the opponent. 



• Positive Reinforcement, negative Reinforcement and competitive 

Reinforcement were all effective in increasing the attention level of 

players in comparison to the control group.

• Negative Reinforcement were better than position Reinforcement. 

• Competitive Reinforcement was better than both positive and negative 

Reinforcement approaches. 

Results



Video

H. S. Mohammadi, Y. Movahedi, Y. Sekhavat , (2020). Battle of Neurons: Increased focus using a nerve-based 
computer game and brain-computer interface, Journal of Neuropsychology, 6(20), 83-100



Towards a Collaborative approach
• The sense of playing with other players can affect the gaming experience. 
• Social interactions in gaming can form a considerable element in the enjoyment of 

playing.

Collaborative Reinforcement 
• Players must simultaneously increase their attention level to take the 

advantage of this activity for receiving facilities to progress in the game. 

• Players must collaborate with each other and conduct the desired behaviour 
at the same time to receive better conditions to compete against other 
players. 



Encouraging players to perform 
collaborative activities in order to exploit 
the facilities to progress in the game. 

Encouraging players to individually 
compete against other players.

Collaborative vs. Competitive Reinforcement



• Players can touch the gas pedal on the right side of the screen to accelerate, or 
touch the brake icon on the left side of the screen for braking. 

• Steering the car is provided by the accelerometer sensor, where the player can 
move the device to turn right and left. 

TopMind

Sekhavat, Y. A. (2020). Collaboration or battle between minds? An attention training game through 
collaborative and competitive reinforcement. Entertainment Computing, 34, 100360.



• The collaborative reinforcement module is activated only when the attention 
level of player A and player B are increased simultaneously. 

• The rewarding parameter is increased only when both players increase their 
attention level at the same time. This rewarding parameter is applied on the 
game parameters of both players. 

Collaborative Approach in TopMind



• The competitive reinforcement approach is more effective to increase the 
attention level of players compared to positive and negative reinforcement 
conditions. 

• Competitive reinforcement can better affect the gaming experience of players in 
comparison to collaborative, positive and negative reinforcement approaches. 

• Although the collaborative reinforcement approach was more successful to 
increase the attention level of players in comparison to positive and negative 
reinforcement techniques, it was not as successful as the competitive 
reinforcement approach. 

Results



• Attention training is a long term process that must be performed over multiple 
sessions. Consequently, the short term monitoring of attention values may not 
depict the true value of an attention training technique. 

• The limitation of EEG tool that was used in the experiments. More sophisticated 
EEG device with more channels must be used to better capture the attention 
level of player 

Limitations
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