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Abstract. Recently, there have been several attempts to improve the P300-based brain computer interface (BCI) 
paradigm by going beyond the matrix-based or row/column P300 design introduced around 25 years ago. Region-
based paradigm was introduced as an efficient paradigm for eliciting P300 in 2008. In this paradigm, characters are 
presented in seven regions on the screen and regions are flashed randomly in two levels. In this region-based 
paradigm 49 characters, numbers and signs are presented. The efficiency and acceptability evaluating parameters 
such as information transfer rate, accuracy and adjacency error showed improvement by implementing region-based 
paradigm in several other publications. In this paper, an analysis is performed on the accuracy of each region for the 
data collected from 10 subjects.  
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1. Introduction 
In P300 BCI systems, spelling based on the paradigm introduced by Farwell and Donchin [Farwell and 

Donchin, 1988] has been one of the most discussed and used paradigms. In this Row/Column (RC) paradigm, a 6 by 
6 matrix of characters and symbols was presented for spelling application, in the way that the rows and columns 
were flashed randomly based on an oddball paradigm. P300 BCI has also been used in other applications such as 
virtual environment, smart home, and wheelchair control [Su et al., 2011; Edlinger et al., 2011; Rebsamen et al., 
2008]. In an error analysis done in [Fazel-Rezai, 2007], it was shown that there is human error in generating false 
P300 due to adjacency of character in the matrix-based paradigm. Therefore, a region-based (RB) paradigm was 
introduced [Fazel-Rezai and Abhari, 2008; Fazel-Rezai and Abhari, 2009]. Several other paradigms (e.g., 
[Townsend et al., 2010]) have also been investigated to improve the performance of the P300 BCI in which the 
paradigm is not based on row/column flashing. In our other papers, RC and RB paradigms are compared and 
adjacency problem of RC paradigm is discussed [Fazel-Rezai, 2007; Gavett et al., 2012], however in this paper the 
objective is to investigate the adjacency problem in RB paradigm. 

2. Material and Methods 
The idea of RB paradigm [Fazel-Rezai and Abhari, 2008] is to have flashes of several regions instead of rows 

and columns. In the first level (level 1) of the paradigm 49 characters, numbers and signs are presented in seven 
regions. In each region, 7 characters are located. Regions are flashed randomly and as one region is selected, the 
paradigm goes to the second level (level 2). In the level 2, the 7 character of the selected region are placed in the 
region with the same pattern. The placement of the regions is shown in Fig. 1. Similar to the Farwell and Donchin 
paradigm, the user is instructed to attend a specific character in one of the 7 groups while each group of 7 characters 
randomly flashes. After several flashes of each group the desired group is identified. In the second level, individual 
characters of the selected group are distributed into the 7 regions. Similarly to the first level, different regions are 
flashed while the subject attends to one region (i.e., character). The desired character 
is selected by identifying one of the 7 regions. In this paper, we performed an analysis 
to determine if there is any difference in error of each region and if there is any 
adjacency similar to what was reported in row/column paradigm [Fazel-Rezai, 2007]. 
For this purpose the experiment was done for 10 normal subjects (2 females) ranging 
in age from 19-29. Subjects were explained the procedure, asked to read and sign the 
consent form obtained from the Institutional Review Board (IRB) from the University 
of North Dakota (UND). Subjects were seated in front of a computer screen, and were 
told to relax and avoid any unnecessary movements during testing. Products of Guger 
Technologies (g.tec) were used, including g.GAMMAbox and g.USBamp for 
recording and g.BSanalysis for classification. MATLAB and Simulink were used for 
the paradigms on the computer. Eight channels, FZ, CZ, PZ, OZ, P3, P4, PO7, and PO8, based on 10-20 system 

Figure 1. Regions. 
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were utilized for signal recording. An electrode at the FPZ location was considered as a ground channel and one 
electrode on the right mastoid was considered as a reference. Subjects had calibration and training with spelling two 
words ‘WATER’ and ‘LUCAS’. The training repeated three times base on linear discriminant analysis (LDA) 
classifier. After training, the word ‘PEBBLE!’ appeared on top of the screen and subjects’ task was to copy spelling 
all characters. Each character was flashed six times. After the character was selected, it was shown under the 
intended character. After finishing the first word, subjects copy spelled ‘MX85+Z&’. The characters of the words 
were selected in the way that all regions would be selected four times. The time required for spelling each character 
was 21 seconds. Subjects filled out two questionnaires for evaluation of their fatigue level, mood, and feelings.  

3. Results 
The errors in a row/column paradigm were reported in a matrix of numbers where at the center of the matrix all 

correct spelling and to the left/right and top/bottom of the center errors were displayed [Fazel-Rezai, 2007]. This 
approach was followed later by several authors [Townsend et al., 2010; 
Fazel-Rezai and Abhari, 2008], which has advantage that the adjacency 
problem can be clearly identified in the paradigm. In a similar analogy, the 
correct detection of target and the errors for a region-based paradigm for 10 
subjects are displayed in Fig. 2. The center circle with black background 
shows the target region and surrounding circles show the error in each 
region based on the distance from the target region. The difference of error 
for two words had less than 1% difference. The average accuracy of all 10 
subjects for both words was 84.06% and 80.96% for levels 1 and 2, 
respectively. 

4. Discussion 
A similarity with less than 1% difference for two words shows that there is no difference in spelling a word with 

specific meaning and a collection of characters and symbols. Comparing accuracy obtained for level 1 and level 2 
showed no significant difference. The distribution of the errors in Fig. 1 also shows that there is no dominant region 
with high error. Therefore, compared to the row/column paradigm that its accuracy can be affected by adjacent 
characters due to false generation of P300, the adjacency did not have any effect of the accuracy in the region based 
paradigm. 
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Figure 2. Region error distribution (%). 


