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Brain	  Computer	  Interfaces	  

� BCI	  	  Brain	  Computer	  Interfaces	  

�  Interaction	  between	  the	  electrical	  neuronal	  
activity	  and	  electronic	  devices,	  mediated	  by	  
computer	  
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Brain	  Computer	  Interfaces	  
�  Interfaces	  are	  devices	  for	  interaction	  adapted	  to	  the	  
human	  characteristics	  

�  Interfaces	  =	  key,	  mouse,	  touch-‐screen,	  menu,	  voice	  
activation,	  body	  movements,	  eye	  movements	  

� Continous	  and	  variable	  recording,	  transformation	  in	  
1-‐0	  digital	  data,	  processing	  with	  computer	  and	  a	  
digital	  or	  analogic	  output	  

Brain	  Computer	  Interfaces	  
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Brain	  Computer	  Interfaces	  

� Recording	  of	  electroencefalographic	  signals	  EEG	  

Brain	  Computer	  Interfaces	  

� Recording	  of	  electroencefalographic	  signals	  EEG	  
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Brain	  Computer	  Interfaces	  

Brain	  Computer	  Interfaces	  

� Recording	  of	  electroencefalographic	  signals	  EEG	  
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First	  experiments	  with	  animals	  

Learning	  training	  with	  a	  rat	  
Recording	  of	  cerebral	  activity	  with	  internal	  electrodes	  
Responses	  pressing	  the	  lever	  and	  obtaining	  water	  
After	  extinction	  the	  water	  appeared	  ONLY	  after	  a	  specific	  
neuronal	  pattern	  

The	  rat	  learned	  to	  “think”	  a	  neuronal	  response	  to	  obtain	  water	  
	  
(Nicolelis	  y	  Chapin,	  1999)	  

First	  experiments	  with	  animals	  

Training	  of	  following	  a	  cue-‐lever,	  with	  a	  monkey	  
Recording	  of	  cerebral	  activity	  with	  internal	  electrodes	  
Movement	  of	  robotic	  arm	  to	  catch	  food	  
After	  numerous	  essays,	  the	  monkey	  stopped	  moving	  the	  
lever	  and	  started	  to	  move	  the	  robotic	  hand	  with	  his	  
cerebral	  activity	  

	  
(Baum,	  2008)	  
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First	  experiments	  with	  animals	  

First	  experiments	  with	  humans	  
Person,	  25	  years	  old,	  with	  tetraplegia	  after	  an	  
agression	  into	  his	  neck	  (Matthew	  Nagle)	  

Receptor	  intracraneal	  of	  96	  electrodes	  with	  implanted	  
surgery	  

Training	  of	  differential	  signals	  of	  his	  movements	  
He	  got	  to	  move	  the	  cursor	  on	  the	  computer	  screen	  
and	  to	  use	  computer	  programs	  to	  manipulate	  his	  
environment	  

	  
(Donoghue,	  2004)	  
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First	  experiments	  with	  humans	  
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www.incadi.uma.es	  
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Ricardo	  Ron-‐Angevin	  **	  	  (coordinador)	  
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Trinidad	  Carrión-‐Robles	  

BRAINS	  Project	  	  
University	  of	  Malaga	  
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INCADI	  Project	  	  
University	  of	  Malaga	  

�  Creation	  and	  application	  of	  a	  BCI	  in	  order	  to	  help	  people	  
with	  cerebral	  palsy	  or	  motor	  disabilities	  

�  Training	  with	  differential	  signal	  of	  imagination	  of	  
movement	  

�  To	  essay	  different	  procedures	  for	  training	  
� Management	  of	  videogames	  with	  simple	  responses	  
� Management	  of	  robots	  with	  complex	  responses	  
�  Final	  application	  with	  a	  weelchair	  through	  complex	  
movements	  

OBJECTIVES	  

� Application	  to	  a	  wheelchair	  with	  complex	  
movements,	  drive	  by	  a	  person	  with	  ELA	  (Amiotrofic	  Lateral	  Esclerosis)	  

BRAINS	  Project	  	  
University	  of	  Malaga	  
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� Management	  of	  videogames	  with	  simple	  responses	  

BRAINS	  Project	  	  
University	  of	  Malaga	  

� Management	  of	  videogames	  and	  
robots	  with	  complex	  responses	  

BRAINS	  Project	  	  
University	  of	  Malaga	  
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� Management	  of	  videogames	  with	  simple	  responses	  

BRAINS	  Project	  	  
University	  of	  Malaga	  

OBJECTIVES:	  
	  

� To	  test	  the	  usefulness	  of	  shaping	  
procedure	  in	  BCI	  

� Hipothesis	  of	  best	  results	  in	  learning	  
and	  data	  computer	  of	  the	  shaping,	  
comparing	  with	  standarized	  
procedure	  trial-‐error	  	  

Shaping	  of	  neuronal	  responses	  in	  BCI	  



15/09/14	  

16	  

�  Intra-‐subject	  
� Compare	  the	  repeated	  measures	  through	  the	  
learning	  process	  	  (8	  measurement)	  

�  Inter-‐group	  
� Compare	  the	  shaping	  procedure	  in	  a	  group	  with	  
the	  standard	  procedure	  of	  trial-‐error	  as	  control	  
group.	  

Design	  

�  5	  students	  in	  shaping	  group	  
�  4	  students	  in	  standard	  group	  

�  All	  were	  students	  of	  Psychology,	  no	  knowledge	  of	  BCI	  
�  	  All	  were	  woman	  
�  	  Mean	  age	  =	  	  22,38	  years	  old	  	  
�  	  They	  received	  extra	  scores	  in	  a	  subject	  of	  their	  studies	  
�  	  They	  were	  voluntaries,	  divided	  at	  random	  into	  groups	  
�  	  They	  were	  informed	  and	  all	  signed	  consent	  form	  

ParOcipants	  
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�  	  Computer	  Hardware	  
�  EEG	  with	  6	  electrodes,	  2	  bipolar	  channels	  in	  position	  C3	  and	  C4	  
(sensuomotor	  areas	  of	  left	  and	  right	  hands)	  

�  	  Biosignal	  Amplifier	  BSAMP,	  16	  channels	  
�  Computer	  card	  of	  data	  adquisition	  NI-‐USB-‐610,	  of	  12	  bits	  

� Computer	  Software	  
�  Matlab	  software	  for	  wave	  analysis	  online	  and	  offline	  
�  	  SPSS	  for	  data	  analysis	  

Instruments	  

�  	  Experimentation	  laboratory	  
�  	  Blacked-‐out	  soundproff	  room	  (4x6	  m.)	  
�  	  Projection	  of	  virtual	  images	  onto	  a	  screen	  (3x2	  m.)	  
�  	  Hardware	  in	  the	  same	  room,	  behind	  the	  participants	  

Instruments	  
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First	  Session:	  
�  Adaptation	  
�  Training	  of	  imagination	  tasks	  

�  	  Imaging	  closing	  and	  opening	  the	  right	  hand	  	  (move	  car	  right)	  
�  	  Imaging	  relaxing	  (move	  car	  left)	  

�  Calibration	  without	  feedback	  
�  Trying	  to	  do	  it	  by	  him/her	  self	  
�  	  Obtaining	  the	  criteria	  data	  	  
	  	  	  	  	  from	  computer	  

Procedure	  

Second	  and	  Third	  Session:	  
�  	  Divided	  randomly	  into	  two	  groups	  (training	  move	  car	  with	  
feedback)	  

�  	  Group	  Shaping:	  training	  with	  the	  shaping	  and	  differential	  
reinforcement	  on	  feedback	  visual,	  and	  criteria	  change	  progresively.	  

�  	  Group	  Standard:	  training	  with	  the	  standard	  trial-‐error	  procedure	  	  

Procedure	  

Training:	  
	  
•  8	  block	  of	  trials	  
•  40	  trialss	  each	  block	  
•  20	  obstacle	  right	  /	  20	  obstacle	  left	  
•  Total	  320	  trials	  by	  participant	  
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Procedure	  
Distribution of time for each trial 

Procedure	  
Procedure for reinforcement / visual feedback  
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Procedure	  

Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. (a) Example of two curves: the dashed curve corresponds to the 
standard procedure, and the continuous curve to the shaping procedure. A hit that would 
have a 1 m displacement in the standard procedure (A), it would be represented by more 
than 2 m when using shaping (B), which implies positive reinforcement. In case of an 
error with a displacement of 1 m in the standard procedure (C), the represented 
displacement with shaping would be 0.3 m (D), thus, attenuating the consequences of 
the error. In (b), Visual representation of the criteria to establish the hits or errors. In 
this example, the subject should stay relaxed (obstacle on the right).  
 

Figure 1

Procedure for reinforcement / visual feedback  

Results	  
Regression analysis for each participant’s curve 
The curve indicates the tendencie of the data during the 8 blocks 

Partici
pants	  

Imagination	  
Hand	  

Imagination	  
Relax	  

R	   Sig.	   R	   Sig.	  

Sandra	   0.35	   .001	   0.39	   .001	  

María	   -‐	  0.24	   .002	   0.39	   .001	  

Juana	   -‐	  0.10	   .170	   0.57	   .001	  

Desirée	   -‐	  0.26	   .001	   0.44	   .001	  

Sofia	   -‐	  0.23	   .003	   0.47	   .001	  

Shaping Group Standard Group 

Partici
pants	  

Imagination	  
Hand	  

Imagination	  
Relax	  

R	   Sig.	   R	   Sig.	  

Isabel	   0.22	   .005	   0.03	   .462	  

Ana	   -‐	  0.08	   .279	   0.34	   .001	  

Josefa	   0.15	   .056	   -‐0.05	   .522	  

Rosa	   0.44	   .001	   -‐0.29	   .001	  



15/09/14	  

21	  

Results	  
Imaging hand movement (right)         Imagin relax (left) 
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Discussion	  and	  Conclusion	  

ü  Other studies (Kubler et al., 2001, Lotte et al., 2013) 
had proposed the use of visual feedback to improve that 
control of BCI, but the procedure of shaping has shown 
that control posible. 

ü  The BCI is a system of interaction between human and 
machine, and it can be learned with behavioral 
procedures  

Discussion	  and	  Conclusion	  

ü  The shaping procedure could help to acquire a 
better and progressive control of BCI. 

ü  The shaping learning process can change also 
neuronal responses, not only motor responses. 

ü  The operant conditioning could be applied to 
neuronal responses 



15/09/14	  

23	  

Luis	  Valero-‐Aguayo	  
Leandro	  da	  Silva-‐Sauer	  
Francisco	  Velasco-‐Alvarez	  
Ricardo	  Ron-‐Angevin	  

Diana	  Research	  Group	  
Department	  of	  Personality,	  Assessment	  
and	  Psychological	  Treatment	  
Department	  of	  Electronic	  Technology	  
UNIVERSITY	  OF	  MALAGA	  (Spain)	  

7th Congress EABA, Stockholm, Sweden 
September, 10-13th, 2014 

Excelence Project from Andalusian Government  -  Code P07-TIC-03310 

lvalero@uma.es 


