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Abstract. Brain-computer interaction (BCI) is starting to focus on
healthy subjects. This research addresses the affects of using this novel
input modality to control a simple game, and also looks into the ben-
eficial effects of bringing game elements into BCI experiments. A BCI
simple game has been developed and evaluated with fifteen subjects using
the Game Experience Questionnaire (GEQ) developed at the Eindhoven
Game Experience Lab. Three variations of the game were evaluated for
comparison: the original game with BCI input, one with keyboard input,
and one with a more clinical look leaving out all extraneous information.
The keyboard-controlled game was considered easy and boring, whereas
using BCI for input resulted in a more challenging, immersive and richer
experience. The design and additional information presented by the game
also resulted in higher immersion compared to the clinical design.

1 Introduction

For a long time BCI research has been dedicated to the medical domain, with
the aim to develop new means of interacting with the outside world for paralyzed
patients, and neurofeedback therapies [1,2]. The focus now seems to be shifting
toward healthy users [3,4]. Brain activity could be used as an additional modal-
ity for control, for evaluation of either the user or the application, or to build
adaptive user interfaces [3]. Games are usually early adopters of new paradigms,
fed by the gamers’ quest for novelty and challenges [4].

Furthermore, the game approach to experiments might aid science. It can be
expected that test subjects for BCI experiments will be able to stay motivated
and focused for longer periods if tests can be presented in a game format [5,
6]. However, researchers fear making the feedback more complex which could
distract the test subject from the basic experiment and ambiguate the results
[7,8]. This has kept researchers from addressing the value of game elements.

2 BrainBasher

The Game First the subject will undergo a training in which stimuli (in the
form of symbols denoting brain actions) and breaks are alternated. During the
stimulus the subject performs the indicated action: imaginary movement of the
left or right index finger. The user was instructed to stay relaxed and not to



1] © P éW © P [ Me © ®

O || O

(a) Training mode, show- (b) Game mode, showing (c) Free play mode, show-
ing break right hand symbol ing left hand symbol

Fig. 1. The three application modi. Extraneous information: (1) total and passed time
for the current session, (2) the current score, (3) a progress bar, and (4) the confidence
levels for the brain actions (in the progress bar).

move, except for during breaks, to prevent noise in the EEG. During the actual
game, the user performs the suggested action. When the system recognizes the
action, it increases the score and moves on to the next stimulus. In free play,
the application shows the actions recognized by the system. The subject can try
different variations of input and learn how the system reacts to those.

The Underlying System A schematic Syste
view of the system is shown in Fig- Brain Activity | EEG Recording
ure 2. The user interacts with the -
system by executing brain actions, BCI Control
and by keyboard. Brain activity is ac- Markers
quired with a BioSemi EEG setup us- ool
ing 32 electrodes, at a 256Hz sample eedbac
frequency. During analysis, the com-

mon reference is removed and the data . . )
is bandpassed to 8 30Hz. The com- Fig. 2. BrainBasher System View
mon spatial patterns (CSP) method

is used to extract features which are then classified with linear discriminant
analysis (LDA). At the end of the cycle, BrainBasher returns feedback to the
user in the form of symbols, score, the progress bar, and confidence values.
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3 Methods

The game was evaluated with fifteen subjects, all 4‘
right-handed, of which eight were male and seven
female.

The goal was to look at the influence of game ele-
ments in BCI and the influence of BCI in games. For
this, three versions of the game were played: (1) the
original BCI-controlled version, (2) one controlled Fig. 3. Cross version
by keyboard, and (3) a cross version reduced to look like a clinical experiment.




These versions are hereafter referred to as Original, Keyboard, and Cross. The
version order was Keyboard first, and then Original and Cross in random order.
After each version, the GEQ was filled in and the game scores were noted. The
GEQ has been developed to determine the self-reported game experience of the
user [9].

4 Results

BCI Input Compared to Keyboard Subjects felt significantly more competent
(p = 0.038) at the keyboard-controlled game. Although they were more annoyed
(p = 0.048) with Original, they noted also many positive experiences: it was con-
sidered less boring (p = 0.043), more challenging (p = 0.003), a richer experience
(p = 0.000) and more immersive (p = 0.006) than just bashing keys.
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Fig. 4. Game Experience Questionnaire results. The scores for Original and Cross are
1:10; the scores for Keyboard 1:100.

Game Compared to FExzperiment The scores obtained for Original are higher
than the scores for Cross. Higher scores result in a more positive experience
as the subject feels more competent. To eliminate this influence, sessions with
Original have been paired up with Cross sessions in which similar scores have
been obtained. Over this new data set with a similar score average, again the
GEQ component values were determined. The results are shown in Figure 4(b).

Original has a more enjoyable design (p = 0.018), and achieves a higher
sense of immersion (p = 0.017) than Cross. Furthermore, a trend towards higher
concentration (p = 0.096) and a richer experience (p = 0.075) for Original
compared to Cross can be observed.



5 Conclusions

As can be expected for such a simple game, the keyboard version was considered
easy, and quite boring. BCI input resulted in a more challenging, more immersive,
and richer experience. It made it harder to play as well. The more engaging
design and the extra stimuli presented to the subjects in the original version
resulted in more immersion compared to the cross game. Subjects also enjoyed
the design more. Subjects reported to tune out irrelevant stimuli (like the score
and progress bar) when the brain action required their full attention.

BCI as input modality can certainly add to the game experience, and vice
versa: the effects game elements can have on subject motivation during clinical
experiments should not be ignored.

Acknowledgements

The authors gratefully acknowledge the support of the BrainGain Smart Mix
Programme of the Netherlands Ministry of Economic Affairs and the Netherlands
Ministry of Education, Culture and Science. We’d also like to thank our family,
friends, and advisors for their support, and of course our willing test subjects.

References

1. Leeb, R., Friedman, D., Miiller-Putz, G.R., Scherer, R., Slater, M., Pfurtscheller,
G.: Self-paced (asynchronous) bci control of a wheelchair in virtual environments:
a case study with a tetraplegic. Intell. Neurosc. 2007(2) (2007) 1-12

2. Farwell, L., Donchin, E.: Talking off the top of your head: toward a mental prosthesis
utilizing event-related brain potentials. Clin. neuroph. 70(6) (1988) 510-523

3. Nijholt, A., Tan, D., Allison, B., del R. Milan, J., Graimann, B.: Brain-computer
interfaces for hci and games. In: CHI ’08: CHI ’08 extended abstracts on Human
factors in computing systems, New York, NY, USA, ACM (2008) 3925-3928

4. Nijholt, A., Tan, D., Pfurtscheller, G., Brunner, C., Milldn, J., Allison, B.,
Graimann, B., Popescu, F., Blankertz, B., Miiller, K.: Brain-Computer Interfac-
ing for Intelligent Systems. IEEE Intell. Systems 23(3) (2008) 72-79

5. Leeb, R., Lee, F., Keinrath, C., Scherer, R., Bischof, H., Pfurtscheller, G.: Brain—
Computer Communication: Motivation, Aim, and Impact of Exploring a Virtual
Apartment. Neur. Sys. and Rehab. Eng., IEEE Trans. on 15(4) (2007) 473-482

6. Graimann, B., Allison, B., Graser, A.: New Applications for Non-invasive Brain-
Computer Interfaces and the Need for Engaging Training Environments. BRAIN-
PLAY 07 BCI and Games Workshop at ACE (2007)

7. Shim, B.S., Lee, S.W., Shin, J.H.: Implementation of a 3-dimensional game for
developing balanced brainwave. Software Eng. Res., Management & Appl., 2007.
SERA 2007. 5th ACIS Intern. Conf. on (2007) 751-758

8. Lalor, E., Kelly, S., Finucane, C., Burke, R., Smith, R., Reilly, R., McDarby, G.:
Steady-State VEP-Based Brain-Computer Interface Control in an Immersive 3D
Gaming Environment. EURASIP J. on Appl. Sign. Proc. (19) (2005) 3156-3164

9. IJsselsteijn, W., de Kort, Y., Poels, K., Jurgelionis, A., Bellotti, F.: Characterising
and Measuring User Experiences in Digital Games. Intern. Conf. on Advances in
Computer Entertainment Technology (2007)



