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ABSTRACT

In the past few years, the brain computer interface (BCI)
systems have gained a lot of attention although they’ve
been rather ignorant of the fact that whether the severely
disabled-bodied actually would use the current BCI
systems or not. In this project, we’ve defined a general
framework for the evaluation of the human performance
and human frustration in the control of cursor movement
with the brain. This framework describes a new way to
look at the BCI problems and that’s from the user
perspective. We’ll show that the current BCI technology
has a long way to reach the point where the users can use it.
We’ll also show that the proposed framework can be used
in educational purposes.
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1 INTRODUCTION

Development of the Human- Computer Interface (HCI)
technologies has been a major research issue in the recent
years. Input/Output devices related to fields such as vision,
voice, etc. have been employed in the design of user-
friendly and ergonomic systems. And now direct
interaction between the brain and the computer adds a new
challenge to the HCI: Brain-Computer-Interface (BCI).

Motivated by helping people with severe motor
disabilities, BCI has already gained a lot of attention and
several research groups have dedicated their efforts to find
a way for the communication of the severely disabled
patients with the environment using the brain ([3], [13]).
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Initial results show that the BCI systems represent a new
frontier in the science and technology. However, the results
are just preliminary and many questions are yet to be
answered. A good review of the current trends in BCI
technologies, their future perspective and challenges ahead
is brought in [5].

However, although many efforts have been made in
order to make good software/hardware tools and to make
BCI technologies more applicable, one important aspect
has not been addressed in the literature yet : how good our
system should be in order that we can commercialize it as a
useful BCI device? To be more specific, what percentage of
error is acceptable for our system? The roots of this
question lie in this property that “the BCI systems are
basically different from other control systems because the
targets of the control system are the humans and not the
plants”. In an BCI system, our main target should be to
gain the satisfaction of the disabled users, and for sure,
measurement of error won’t be a good criterion for the
judgment of our system.

This research is done in order to address this
shortcoming of current BCI approaches. It is motivated by
a paper with similar idea [6]. In [6], the authors introduced
a method for the measurement of human frustration thus
defining the higher bound of the error we are allowed in the
design of a typical BCI system (in their case, a Scanning
Key Board). In our paper, we address the same problem but
from a different perspective. We’ll focus on the control of
cursor with the brain and we’ll try to define a criterion for
the evaluation of the cursor movement control methods.
Movement is an important part of many BCI systems.
Especially cursor control (as a part of interaction with the
computer) is very important for the disabled humans.
Communication with other people and environment are
among examples that will demonstrate the importance of
curser control. Although a complete test for the evaluation
of an interface for “communication between the user and
the computer” is much more complex and it needs more
complex models, but in this project we’ll only focus on the
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control of the cursor and modeling the action that is to be
taken after the curser is moved to the desirable position, is
left to the future researches.

The organization of this paper is as follows. In Section
2, we describe the BCI systems in more detail. In the 3™
section, we’ll develop our proposed general framework.
This section consists of three parts. In 3.1 we’ll describe the
problem in general and address the issue of user frustration
in detail. In 3.2 the structure of the proposed experiment
will be addressed and section 3.3 is dedicated to the
implementation and test issues. The results of the research
are brought in section 4 with the conclusions and the
summary to be addressed in the 5™ section.

2 INTRODUCTION TO BCI SYSTEMS

In this section we briefly address the concept of the BCI
systems, their state of the art and the related challenges.
Also we’ll address how the current BCI systems have taken
the matter of “user satisfaction” into consideration.

2.1. What is an BCI system?

A formal definition of BCI is addressed in [12]:“A
brain-computer interface is a communication system that
does not depend on the brain’s normal output pathways of
peripheral nerves and muscles”. BCI systems usually use
EEG signals to gather the information corresponding to the
user’s thoughts and then apply this information to interact
with the surrounding environment. Such an interface is
very useful for people with severe motor disabilities to
communicate with the outside world.

A general diagram of an BCI system is shown in Fig.1,
based on the general framework proposed by Mason and
Birch in [11]. First, EEG signals are achieved through an
experiment which is out of the scope of this research. Due
to the high level of noise in this stage some amplification
and pre-processing is done. Then at the next stage, feature
estimation and classification is done and some mapping
between features and commands takes place. Finally
through the device controller, the user will be able to
interact with the environment. The result of this process is a
possible change the status of some device in the
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Fig.1 The general structure of an BCI system (reprinted
from [11] with the permission of authors)

Environment and the corresponding signal returns back to
the user via feedback.

The key part of such an BCI system is the correct
extraction of information from the EEG signals and then its
translation into some meaningful command. Several BCI
research groups in all around the world have focused their
attention to address this matter. Among them are the Neil
Square Foundation [3] and the Wadsworth Center [13]. A
comparison of several features in existing BCI is brought in
[1]. According to [1], surprisingly, most BCI researchers
spend a little time discussing user satisfaction or do not
discuss it at all. This poses a new challenge in front of us.
How good our system should be in order that severely
disabled bodied would actually use it? This is an important
issue, because so much effort has been made to extract
information from very noisy signals (with SNR < 1),
without considering the fact that maybe we do not need this
amount of effort at all. Maybe our goal can be achieved
with a more erroneous system which is at the same time
more practical. Or maybe the percentage of acceptable
error for some particular application should be so little that
the existing approaches are far from applicable. There is
apparently a missing link here and that’s the measurement
of the user satisfaction (or user frustration) ."The example
of cursor movement is just a simple one. A more
sophisticated control movement could be the control of the
wheelchair when even a low error rate may lead to
catastrophic results.

These discussions lay the necessary foundations for the
evaluation of the current BCI systems based on the
criterion of user satisfaction/frustration (or the evaluation
of user performance in general).

In the next section, we’ll discuss our framework for the
assessment of user satisfaction in BCI systems.

3 THE PROPOSED FRAMEWORK

In this section we describe the proposed framework for
the measurement of BCl-caused frustration for the users
trying to control cursor with the brain. Because such
measurement is task-dependant, the results obtained here
can not be generalized to other tasks (such as wheelchair
control, typing, etc.) but they can be accounted as the first
step towards developing a general framework for the
evaluation of BCl-caused frustration in the movement
control.

3.1. Understanding the User Frustration

User frustration in the use of technology has always
been a persistent problem. Hardware and software
problems and poor user interfaces trigger confusion for the
users. If we do not take user satisfaction into consideration
in the design of HCI systems, then our efforts would
become in vain. Only when the interface is satisfying, we
can expect success from our proposed system. Hence, in



recent years, a number of researchers have paid their
attention to addressing this important matter in the field of
HCI ([2]-[8]). In this section we take a look at the general
findings regards HCI caused frustration.

When does frustration occur?

Frustration occurs when there’s an inhibiting condition,
which interferes with or stops the realization of a goal. The
level of the frustration experienced by an individual clearly
can differ, depending on the circumstances surrounding the
experience and on the individual involved. One major
factor is goal commitment, i.e. the determination to try for
and persist in the achievement of the goal ([4]). The
importance of the goal to the individuals and the strength of
the desire to obtain the goal, will affect the level of the
goal-commitment as well as the strength of the subsequent
reaction to the interface failures.

Frustration caused by the computer interfaces

Many possible HCI related problems could be named
which build frustration in the user. From hardware
problems, to software bugs and poor interface, they can all
cause losing the work, wasting the time and frustrating the
user. In the context of the social and psychological research
literature, frustration occurs when users can not attain their
goals ([2]). The factors that can subsequently affect the
level of the frustration experienced fall into two categories:
the incident and the individual factors ([2]).Incident factors
include Goal commitment, the severity of the interruption
and the importance of the goal: self-efficacy and the
importance of the goal affect the commitment to the goal.
When a failure occurs, the level of the goal commitment
and the time lost will affect the amount of the frustration
experienced by the users.

The main parts of individual factors are: anxiety (the level
of the user’s comfort with the HCI systems and how the
subject reacts when facing a problem with the HCI system).
And Mood/ Psychological factors (how often subjects get
upset over things and general mood).

As it can be clearly seen, frustration is a complicated
psychological phenomenon which is affected by several
factors. What we’ll do in this research, is providing the first
steps towards addressing user frustration in the BCI
systems.

3.2. The Experiment setup
3.2.1. The Model

The structure of the experiment setup is shown in Fig.2.
The basic idea of the game (which is a simplified version of
the Pacman game) is that the user starts the game in the
position (x). Using four arrow keys he should go from his
initial position to the place where the target (a cherry, but
we call it the target from now on) lies and eat it. For the
simplicity, we have only considered four basic directions
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Fig.2. the Experiment Setup

(North, South, West and East), thus mimicing the
movement of the cursor .The user should reach its target as
fast as he/she could and eat it, then the current target
disappears, the user gets the score and another target
appears in the game. This procedure continues and the user
continues to score. The end of the game is specified by the
number of the movements that the user has taken; this
number is fixed for all the users and it’s determined
through pilot testing. Also in order to increase the level of
the goal commitment, the target disappears every “A” time
slots, so time is also an important issue here. Here the
criterion for the success of the user is the amount of his
score, so basically we’ve devised a task-based approach
instead of a time-based approach. The reason that we’ve
not used the time-based approach is that in the time-based
approach it’s possible that we would not be able to test the
real amount of error on the user, for example the user
behaves so slow that only a few movements can be made
before the time of the experiment gets finished.

The current game, apart from its role in the study of the
user frustration, has another benefit which is also very
important from the BCI systems design point of view and
that’s the Educational purposes. Currently, the benchmarks
of BCI systems are very simple. Introducing a simple game
which is especially designed for BCI, can be used as an
educational tool for increasing the level of the goal
commitment of the user.

3.2.2 Modeling the Error

Now we describe modeling the types of errors that usually
occur in current BCI systems and then we add them as the
sources of noise to the control commands .These sources of
noise are modeled as “Error Engine” part (Fig.3) which
adds error to the arrow key address that our program reads
from the key board, Resulting in two major errors which
can be described as:

False Positive (FP) Errors: when the user wants to put
some particular command into the action, but because of
the errors generated in the preprocessor/classifier blocks
the system instead applies another command, we say that
an FP error has occurred. In our model When an FP error



occurs, the system totally ignores the user command and
selects another command from the remaining two

False Negative (FN) Errors: this type of error happens
when the user sends a command but nothing happens. The
reason is the wrong mapping between the command and a
point outside the selection space, thus our system performs
a “do-nothing” command. In our system, when an FN error
occurs, the system completely ignores the user command
and keeps the Do-Nothing state and waits for another
command from the user.

The other type of error that can happen in our system is
False Command (FC). This type of error happens when the
user has not sent any command but the system “translates
the noise to some action”. This type of error is also very
annoying, because it changes the state of the user from the
“Do-Nothing” state to “Command” state unwillingly.
However, in most of the current applications of BCI, called
“synchronize” systems, the design is such that the system
doesn’t respond to signals during the “idle” time (or do-
nothing period) so there’s no FC in such systems. In
another group of BCI systems called “asynchronous
systems” [3], we can allow commands during the idle
times, but the designers are careful to keep FCs as low as
possible (FC<1%). Accordingly, we left this parameter out
of the scope of design, which also was helpful from the
statistical point of view because it reduced the number of
independent variables in the system.

3.3. Implementation and Testing

The Code of the game is written in Java. Java provides
us with an environment with both graphical and
computational capabilities. we should take one thing into
consideration: the reason of the design of this game. We
want to study the user frustration not creating a fantasy
game to play. Also the game should be designed such that it
can be run in similar circumstances. Designing games with
different levels of complexity prevents us from a scientific
study.

As for the testing, two options can be considered as the
measurement of the user frustration: getting feedback from
the user using the measurement of vital signs (ECG, EEG,
Blood Pressure, etc.) This method gives more accurate
results regards physiological changes in the subject but it
can not give information about Mood/psychological
factors. It also needs complicated technology so we won’t
discuss it here. The other method is measurement of user
frustration using questionnaires. In this method, the user
fills out questionnaires during the experiment, describing
his/her status. This method is less reliable because of the
possible forgetfulness or the user willingness to lie. But it
has the advantage of taking both incident and individual
factors into consideration. As the community of study
grows larger, errors caused by lying or forgetfulness also
become less important [2].

A good way to study the user frustration in our case is
what can be called as a “Trial diary method” instead of a
survey. Trial diaries (special case of time diaries) minimize
the reporting burden on the respondents by allowing them
to record the result of each experiment immediately after it
ends instead of attempting to remember a large amount of
information after the survey. This is the approach that
we’ve used here.

The Experiment. Here we considered three levels for each
error (0% ,10%, %20 of the overall movements), so in the
best situation the system has 0% error and at the worst case,
it has 20% FP and 20%FN resulting in the total of 40%
error. This is also consistent with the current methods
which have total error rates lower than 50%.

The procedure of the experiment is as follows: Before the
Start of the Test Session the coordinator of the experiment
describes the whole structure of the game for the subject
and guides the subject through filling out the forms. The
subject fills out the pre-session questionnaire, then starts
the game from the initial state (the overall error is zero) and
plays the game for three times. After finishing the
introductory phase, the subject fills out the after-trial
session questionnaire. Then the experiment begins: the
error is selected randomly from the space of the possible
amounts. The subject plays nine times with different error
types. After each session, the user fills out the after-trial
form describing how he/she feels. The coordinator gathers
data from all the subjects and does the statistical analysis.

The questionnaires are designed in a way that the subject
does not get biased by them. Hence, indirect questions were
included in After Trial Session questionnaires so that we do
not address the user frustration directly.

4. RESULTS AND DISCUSSION

Before we discuss the results, it’s important to
account some facts about the experiment:

1) Before the start of the main experiment, we did pilot
study on two healthy male students and we found out that
setting the total of moves to 150 and the time of the
disappearance of the cherry to 10 seconds are acceptable
for our study. Also although we had designed the game in
such a way that it could be played both in 1-D and 2-D but
the pilots stated that the 1-D experiment was very boring.
So based on their feedback, 1-D experiment was omitted.
Also we’d designed the game so that the movement can be
made either by “step by step” or “continuous” movements.
In “step by step” mode, each time that the user presses a
button, the Pacman is displaced only a few pixels but in
“continuous” mode, the Pacman continues its way unless
another command is placed. Again, the results of the pilot
study showed us that the pilots were strongly against “step
by step” mode, so we did the experiment in continuous
mode.



2) We performed the experiment with only 10 subjects.

The test pilots and the experimenters were not included as

the subjects. Also because of the small number of subjects

available, we had to switch from “between subjects

experiments” to “within subjects experiments” [10],

meaning that we performed all the tests on each user.

3) Each subject study took between 35 to 45 minutes.

4) We randomized the order of the games that each

subject had to play, so the user had no idea what to expect

in the next experiment.

In section 4.1, we’ll remark our observations during the
experiments.

4.1. Observations

During the tests, most subjects showed signs of frustration:
signs like biting their lips, harder pushing the arrow keys,
and shouting remarks were observed on different subjects.
Although most subjects didn’t report these signs, but they
showed that the current system was at some times
successful in increasing their level of the frustration. Also
most of the subjects began to complain during the last
couple of runs. Although we randomized the order of the
experiments, and thus prevented the effect of the tiredness
to be shown on certain choices of errors, but this is a very
important matter to be considered in the future
experiments. Also, in order to increase the level of the
“goal commitment “of the game, we included a “high
score” on the starting page of the game. So that it gives
more motive to the subjects to actually beat the high score
and print their name. Unfortunately, except three subjects,
which two of them also became successful on beating the
high score, the subjects did not pay attention to this feature
of the system.

4.2. Analysis of the Experiment

In this section, we’ll discuss the findings of the experiment
in detail.

4.2.1 Demographic Information

Seven subjects were male and three were female. All
except one in their twenties and university students. The
10th subject was a high school student.

4.2.2 Pre-session Survey

As for the experience with the Pacman game, four subjects
didn’t have any previous experience and the remaining six
had experience between 5 to 15 years.

In order, to fill out the forms, we designed the question as
statements such that each subject had to state whether
he/she was in agreement or disagreement with that
particular statement based on seven choices ranging from (-
3) indicating “strongly Disagree” to (3) indicating
“Strongly Agree”. We asked the subjects that had previous
experience with the Pacman game, whether they found this
game enjoyable or not. The average response was “agree”

with the STD of “1”, so we can conclude that the
population of subjects more or less liked the “Pacman
game” regularly, and this is important from the “goal
commitment point of view””.

We also asked the subjects to state their opinion with
regards to the following statement: “When I run into a
Game Over when playing a game, I feel frustrated”. Except
one subject who strongly disagreed with this statement,
others gave responses from “neutral” to “agree”, resulting
in the average response of “0.9” which is roughly equal to
“mildly agree”. This result is also important from the “goal
commitment” point of view, because it shows that most
subjects were sensitive to some extent to the matter of
“Game Over”.

The subjects then were asked about their “mood” before
the experiment so that we compare it with the results after
the experiment. It turned out, that although some
experiments had magnificent effects on subject’s mood
(especially the ones with higher error rates); these question
could not catch the real effect of the experiment on the
subject. Here, the average answer was “1.5” which stands
at the mid-point of “mildly agree” and “agree” with STD of
“1.2”which means overall, the subjects were in relatively
good mood prior to the experiment.

4.2.3 after the Initial Trial Session

The purpose of assessment of initial trial by means of
“After the initial trial session” survey was to get the
opinion of the subjects regards the game in general. We
wanted to make sure that the game was not frustrating by
itself. As we stated earlier, our goal was to keep the game
as simple as possible, so that the subject could just focus on
the game

For the statement “This game was easy”, here is how the
subjects answered this question: the mean was “2.3” with
the STD of “1”, which means that the subjects generally
were in agreement that this was an easy game to play. This
is very important. If the answer to the question lied
someplace between “0” and “-3”, it meant that the game
itself was challenging, and then it could become a hard task
to identify the effects of the errors on the performance of
the subject.

1. In answer to the statement “I liked the design of the
GUI”, the average was “1.5” with the STD of “1”. The
conclusion: although we designed a very simple GUI for
the system, the subjects kind of liked it (they chose an
answer between “mildly agree” and “agree”). Which is
good news; because it means that this simple design could
meet the expectations of the subjects to some extent.

2. In answer to the statement “I liked the scenario of the

game”, the average response was “1” with STD of “1.26”.

This means that the subjects were less fond of the scenario

of the game. Here the results were also more scattered. This

was also expected by us; compared to the fantasy games



that are in the market today, with complicated scenarios
and very graphical GUIs, the scenario of our Pacman game
doesn’t stand at a high point. Maybe adding some
complexities in the future, makes the scenario of the game
more likable by the subjects, and at the same time preserves
our original goal of modeling the cursor control.

3. In answer to the statement “Overall, I find this game
very interesting”, the mean response was “1.3” with the
STD of “0.78”. None of the subjects chose an answer
between “mildly disagree” and” disagree”, which is
encouraging by itself, because it means that the subjects
were interested in playing the game.

4.2.4 Results of After Trial Session

For the analysis of the performance of the subjects, we
used two methods. One was saving the results of scores of
the subjects and the other one was the post-session
questionnaire. The first method is vital because it gives us
information which is achieved from the subject indirectly
and it is not dependant on the subject intentions. The
second method is important because it gives us information
regards subjects’ experience during the study.

We used the average “score” of the game as the
measurement of the performance of the subject in different
situations. This is an interesting issue, because we have to
know the effect of the errors of the system on the
performance of the user. In fig.3, we’ve plotted the
distribution of the mean of the performance of the subjects
compared to the 0% FP and 0% FN situation as the index of
the highest performance. In order to better visualize the
results, we plot their distribution in 2-D as indicated in
figure 3.a. Also the standard deviation of the data is shown
in figure 3.b. The rough distribution of the performance in
the 3-D space is shown in figure 3.c.

Based on these charts the following observations can be
made:

Ob.1. The errors had significant effect on the performance
of the subjects. If we look at the fig 3.a again, we can easily
find out that even the low error rates of (FP=10, FN=0 or
FP=0, FN=10) force the performance of the subjects to
drop below the 80% of their performance in the ideal
situation (when no error was present) which yields the
Conclusion that the performance drop is more than the
error generated by the system. At the extreme case of (FP=
20 and FN=20), the performance reaches to the point of
35% which means that we’ve a drop of 65% in the
performance with only 40% of error. Also the distribution
of the STD shows that except two cases of (FP=20, FN=0)
and (FP=20, FN=10), in the other cases, the STD is about
or below 10. This means that we have a relatively good
confidence that performance dramatically changes with the
error.

Ob.2. Our findings here didn’t show much difference
between the performance drop related to FPs and
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presentation of the average

performance drop related to FNs. this is mainly because of
the uncertainties introduced in the system by the low
number of population of the subjects as indicated by the
STD. Although increasing the number of subjects will help
to clarify this matter, there’s another important factor that
it’s worth stating. In order to increase the level of the goal
commitment of the system, we introduced the time as a
factor that encourages the user to act faster, which based on
our pilot studies and also the observations during the
experiment, was a very important positive step. But now
that the target vanishes after certain amount of time and



appears in another part of the surface, it’s possible that the
FP command actually guides the Pacman towards it based
on pure chance. If we had omitted the constraint of time,
such a thing probably would not have happened and we’d
better model the movement of the cursor but with the lower
level of goal commitment. So there’s a compromise here.

Now let’s discuss results obtained in the After Session
Questionnaires:

a) In answer to the statement “I felt some errors in the
movements”, the average of responses in 2-D is plotted in
figure 4.The low STD that we obtained in this question,
shows great harmony between different subjects. In fig.4,
except the case of (FP=0 and FN=0) which naturally the
subjects answered with the “disagree” response, in other
situations , the responses were between “agree” and
“strongly agree”, which shows that even slight error rates
of 10% were very much noticeable by the majority of the
population, although the std of the data shows that there
was some disagreement between the subjects with regards
of the amount of the error they felt in the special cases of
FP=10, FN=0 and FP=0 and FN=10. But for total error rate
of more than 10%, the subjects were nearly in the position
of “strongly agree” to the statement, and as we see in the
special case of (FP=20% and FN=20%) all the subjects
without exception, felt the errors in the system strongly.

b) In answer to the statement “The errors generated in the
game prevented me from reaching the target”, the average
of responses in 2-D is plotted in fig.5.The results in this
section are also similar to the results in the previous
section, but this question is targeted at a very important
issue, and that’s how much the subjects see the errors as
barriers in reaching to the target. The results in fig.5 show
that the average population has a position between “agree”
and “strongly agree” that the errors generated by the system
prevented them in reaching the targets. Also the STD of the
data shows that for the total error of more than 10%,
subjects were in strong agreement that the errors had
negative effect in their effort to reach the targets. From
another point of view, this shows that the subjects had to
“struggle” in order to counterbalance the effect of the
errors. These results are significant in the design of BCI
systems since they show that error rates more than 10% are
strong barriers by subjects which prevented them from
reaching their goals.

c) We also asked the subjects’ opinion about the
statements “I find the experiment enjoyable”, and “my
mood is happy”. The results however showed the low
reliability of the current data because of the large amount of
STD especially in high error rates. But the average of
responses showed that the trend of the responses is from
“agree” to “disagree” with the increase of error. These
results show that we’re on the right track and hopefully

Fig.4. the average of the responses for (FP, FN)

Fig.5. the average of the responses for (FP, FN)

larger pool of subjects will yield more trusting results.

The last question was aimed at addressing why the
particular experiment was enjoyable or was not enjoyable
for a subject. Except two cases of an error-free system and
a system with FN=10, in all the other cases the majority of
the subjects mentioned the errors as the primary source of
why they did not find the experiment enjoyable. This is the
only place in this study that the feedback of the subjects in
the case of FN=10 was significantly different with the case
of FP=10, but it needs further investigation to make a solid
conclusion.

In summary, it’s obvious that the errors caused by the
system, turned an enjoyable experiment into a rather non-
enjoyable one, especially in the case of high error rates (if
we want to be cautious in using the “frustrating” term).
This was the ultimate goal of the experiment. We wanted
to express that in the design of BCI systems, there are other
factors which should be taken into consideration besides
the absolute error and as we saw, even in the case of
relatively error rates, subjects showed the signs of
uneasiness even in the short periods of having experience
with our system.



4.3. Comments for Future Works

1) As we mentioned in 4.1, some subjects showed signs of
frustration, although they didn’t report them. That’s one of
the basic problems with filling the questionnaires as we
mentioned earlier. They’re sensitive to the human error,
especially with a small pool of subjects. Thus for future
researches, we strongly suggest the measurement of the
some of the vital signs of the body like blood pressure.
Including the score in the current experiment, was a first
step to include the parameters that are not based on the
questionnaires.

2) Larger pool of subjects is a must be for reaching solid
results in this experiment. Although the current experiment
sheds some light on the matter of studying user frustration,
deriving a general hypothesis needs more subjects.

3) The current experiment is designed based on the
hypothesis that there is no particular delay between the
successive commands. Although this is an ideal situation
for BCI systems but that’s not the case for current systems.
So modeling the delay between commands makes the
current model more appropriate for the study of the current
BCI systems.

4) Modeling the FCs also will generalize the model to
“Asynchronous Systems”.

5. CONCLUSIONS

In this project, we designed an experiment for the
measurement of the user frustration in the BCI systems.
The experiment consisted of a Pacman-like game in 2-D
space. In order to model the common errors in BCI
systems, we introduced two types of errors in the system,
false positives and false negatives. We studied the effects
that these error had on the performance of the user, and
how much tolerance do the users show with respect to
different kid of error rates. The results show that error rates
bring the performance of the subjects significantly lower
and they’re felt as strong barriers which prevent the
subjects to reach to the goals. We also presented some
guidelines for the future user studies to make this project
more applicable The results of this preliminary study
showed that the current situation of BCI systems with the
maximum performance of up to 65% are far from
applicable as interfaces for severely disabled people.
Specifically, because the users of the BCI systems are
usually disabled patient with severe motor disabilities they
are probably more sensitive to the errors caused by the
system than the ordinary healthy users.
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