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BRAIN-COMPUTER INTERFACE FOR
FACILITATING DIRECT SELECTION OF
MULTIPLE-CHOICE ANSWERS AND THE
IDENTIFICATION OF STATE CHANGES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit under
35 US.C. §119(e) of U.S. Provisional Patent Application
No. 62/005,243, filed May 30, 2014, the disclosure of which
is incorporated herein by reference in its entirety.

STATEMENT OF GOVERNMENTAL INTEREST

[0002] This invention was made with government support
under TRO00433, HD054913, and HD054697, awarded by
the National Institutes of Health, and under H133G090005,
awarded by the Department of Education. The Government
has certain rights in the invention.

FIELD OF THE DISCLOSURE

[0003] The present disclosure relates to systems, methods,
and apparatus for a brain-computer interface (BCI) and,
more particularly, to a BCI implementing a multi-step pro-
cess to facilitate direct standardized cognitive testing and the
identification of a user’s desired selections and changes to
one or more selections, actions, and/or states.

BACKGROUND

[0004] For many patients with neurological conditions,
cognitive assessments may impact their quality of life by
allowing medical personnel to determine interventions and/
or services that they may need to receive. But patients with
neurological conditions may not be able to participate in
such assessments due to motor and/or speech impairments.
Furthermore, attempts to implement BCIs to administer
cognitive assessment testing to patients with motor and/or
speech impairments present several issues.

[0005] First, BCIs typically used for cognitive testing
often implement indirect methods. For example, the BCI
may allow a patient to move a cursor on a screen to select
a test question. Indirect methods do not provide a patient
with the precision and control necessary to quickly select an
answer, and a patient may become distracted or frustrated
during the test, which may skew the test results. Second, and
potentially compounding these inaccuracies, indirect BCI
cognitive assessment testing procedures typically require
that the cognitive test be modified from the original stan-
dardized version to include the adaptive elements of indirect
question selection. Therefore, providing a cognitive assess-
ment test that provides accurate results in accordance with a
standardized cognitive test format presents several chal-
lenges.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram of a brain-computer
interface (BCI) testing system 100 in accordance with an
exemplary embodiment of the present disclosure;

[0007] FIG. 2 illustrates a BCI device 200 in accordance
with an exemplary embodiment of the present disclosure;
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[0008] FIG. 3A illustrates an example of a test question
image prior to a user making an answer selection, in
accordance with an exemplary embodiment of the present
disclosure;

[0009] FIG. 3B illustrates an example of a test question
image 320 used to verify a user’s answer after BCI device
200 determines a user’s answer selection, in accordance with
an exemplary embodiment of the present disclosure;
[0010] FIG. 4 illustrates an example test answer selection
method 400 in accordance with an exemplary embodiment
of the present disclosure; and

[0011] FIG. 5 illustrates an example hold-release state
determination method 500 in accordance with an exemplary
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0012] FIG. 1 is a block diagram of a brain-computer
interface (BCI) system 100 in accordance with an exemplary
embodiment of the present disclosure. BCI system 100 may
include a user 102, a brain activity monitoring system 103,
a BCI 104, a display 106, and a test administrator 110.
[0013] As shown in FIG. 1, a user 102 may participate in
a cognitive assessment test that is overseen by test admin-
istrator 110. The test administrator may assist in the test-
taking procedure by, for example, accessing a test file from
BCI 104, recording observations while the test is being
administered to user 102, saving the answers to the test once
it has been completed, etc.

[0014] In some embodiments, BCI system 100 may be
implemented as part of a cognitive test assessment proce-
dure. For example, BCI system 100 may facilitate the
administration of one or more cognitive tests based on user
102’s brain activity and without utilizing motor and/or oral
feedback from user 102, Such an embodiment could be
particularly useful when user 102 is “locked-in” due to a
specific impairment, and cannot readily communicate oth-
erwise in any viable physical manner.

[0015] The user’s brain activity may include activity that
is collected in response to a user being exposed to one or
more stimuli, such as visual stimuli displayed on display 106
and/or other types of stimuli, such as auditory tones, etc.
Stimuli other than those displayed via display 106 are not
shown in FIG. 1 for purposes of brevity. In an embodiment,
test questions may be displayed via display 106, as shown in
FIG. 1, and each multiple-choice question may have an
associated visual stimuli associated therewith, which is
further discussed below. Based upon an analysis of user
102’s brain activity while looking at (or otherwise paying
attention to, being exposed to, focusing on, concentrating
on, etc.) a particular multiple choice answer, BCI 104 may
determine user 102’s selection by correlating user 102’s
brain activity to the particular unique visual stimuli associ-
ated with that answer.

[0016] In various embodiments, brain activity monitoring
system 103 may be implemented as one or more electroen-
cephalograph (EEG) measurement devices and may include
any suitable number of electrodes and/or sensors. In accor-
dance with such embodiments, the electrodes and/or sensors
may be attached to any suitable portion of the user’s head,
etc. Various embodiments of brain activity monitoring sys-
tem 103 may include any combination of invasive and/or
non-invasive electrode sensors. Brain activity monitoring
system 103 may be configured to measure a user’s brain
activity via any suitable number of electrodes and/or sensors
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in accordance with any suitable number and/or type of
standards, protocols, etc. Brain activity monitoring system
103 may be configured to convert and/or transmit the user’s
brain activity to BCI 104 as one or more data signals in
accordance with any suitable number and/or type of com-
munication formats, protocols, and/or standards, such as via
link 105, for example.

[0017] To provide another example, in accordance with an
embodiment, brain activity monitoring system 103 may be
configured to measure a user’s brain activity as one or more
events within EEG bands such as Delta bands, Theta bands,
Alpha bands, Beta bands, Gamma bands, and/or Mu bands.
In an embodiment, brain activity monitoring system 103
may be configured to monitor one or more event-related
potential (ERP) components elicited by the user in the
response to one or more choices presented to the user via
display 106.

[0018] BCI 104 may be implemented as any suitable
device configured to receive data signals from brain activity
monitoring system 103, to analyze and/or process these
signals, and/or to transmit one or more data signals to
display 106 to provide feedback to user 102. For example,
BCI 104 may be implemented as a user equipment (UE),
such as a mobile device, a computer, laptop, tablet, desktop,
one or more parts of a gaming system, one or more parts of
a powered wheelchair controller system, one or more parts
of any suitable device that is configured to render assistance
to a user lacking motor and/or oral skills, or any other
suitable type of computing device.

[0019] Although shown in FIG. 1 as a single link 105,
communications between BCI 104 and brain activity moni-
toring system 103 may be implemented with any appropriate
combination of wired and/or wireless communication net-
works, wires, buses, wireless links, etc., to facilitate these
communications. For example, BCI 104 and/or brain activ-
ity monitoring system 103 may utilize any combination of
wired and/or wireless links, local area networks (LANG), etc.
[0020] As a result of processing and/or analyzing of the
received data signals from brain activity monitoring system
103, various embodiments include BCI 104 facilitating the
administration of a cognitive assessment test by performing
one or more functions such as, for example, determining
user 102’s intent to provide an answer to multiple-choice
questions displayed on display 106, determining user 102’s
answer selections, and/or verifying user 102°s answer selec-
tions, which are further discussed below.

[0021] BCI 104 may be configured to transmit one or more
data signals to display 106 and/or to another external gen-
erator of stimuli (not shown in FIG. 1) based upon these
functions, such that display 106 may display stimuli to the
user corresponding to the multiple-choice questions, the
user’s answer selections, and/or images to user 102 while
user 102 is taking the test.

[0022] BCI 104 may be configured to transmit one or more
data signals to display 106 to cause display 106 to display
one or more images, to modify the images, and/or to display
additional images in response to the measurements of the
user’s brain activity received from brain activity monitoring
system 103. For example, BCI 104 may determine user
102’s answer selection, for example, from data signals
representative of the user’s brain activity that are received
from brain activity monitoring system 103 while the user is
exposed to a displayed stimuli corresponding to user 102’s
answer selection.
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[0023] Display 106 may be configured to display infor-
mation in response to the one or more data signals received
from BCT 104, which may be received via any suitable
number and/or type of communication links (e.g., link 107).
Although display 106 is illustrated in FIG. 1 as being
separate from BCI 104, various embodiments include dis-
play 106 being integrated as part of BCI 104, display 106
being co-located within, or proximate to, BCI 104, etc. As
will be appreciated by those of ordinary skill in the relevant
art(s), the integration, coupling, and/or interactive function-
ality between BCI 104 and display 106 may depend on
which of these implementations is utilized for a particular
application.

[0024] Again, BCI 104 may be configured to cause display
106 to display one or more test questions and/or audio
prompts to determine a user’s response to these questions by
analyzing and/or processing signals received from brain
activity monitoring system 103. In various embodiments,
BCI 104 may be configured to facilitate the cognitive
assessment of a user in accordance with any suitable cog-
nitive test format, which may include standardized or non-
standardized tests. In accordance with embodiments in
which BCI 104 facilitates the administration of standardized
cognitive tests, BCI 104 may be configured to format the
user’s answers in accordance with the respective standard-
ized test format. In this way, BCI 104 allows standard
grading methods to be used for standardized tests taken with
BCI system 100.

[0025] In various cognitive test assessment embodiments,
BCI 104 may be configured to process data signals received
via brain activity monitoring system 103 as part of a
three-step process to determine user 102°s answer to the
multiple-choice questions displayed on display 106. With
regards to the analysis of the user’s brain activity, various
embodiments may include BCI 104 executing one or more
algorithms, instructions, programs, applications, code, etc.,
to facilitate these functions. For example, BCI 104 may
interpret signals received from brain activity monitoring
system 102 using classification systems such as neural
networks, stepwise linear discriminate analysis, support
vector machines, etc., to determine a probability that the user
has selected one of the displayed answers.

[0026] As the first step in this process, a determination
may be made based upon an analysis of data signals received
via brain activity monitoring system 103 that user 102
intends to answer the multiple-choice questions. That is,
BCI 104 may be configured to analyze user 102°s brain
activity as part of this first step to ensure that user 102 is
focusing on taking the test, and is not distracted by external
stimuli and/or not paying attention to the displayed images.
[0027] In other words, during the first step, BCI 104 may
determine that user 102 intends to decide upon an answer to
the multiple-choice questions displayed on display 106. In
various embodiments, this first step may be implemented
using any suitable method to determine user 102’s intention.
For example, BCI 104 may implement one or more asyn-
chronous BCI processing methods to make this determina-
tion.

[0028] To provide another example, during the first step,
BCI 104 may wait for a predetermined period of time before
accepting an answer from user 102. This time period, which
may be indicated by a timer shown on display 106 that does
not block or otherwise interfere with the displayed images,
may indicate an allotted time to allow user 102 to decide on
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an answer before the timer expires. In accordance with
embodiments utilizing a timer for the determination of
whether the user intends to decide upon an answer. BCT 104
may make this determination when the timer has started.
[0029] In a second step, BCI 104 may determine user
102’s answer from among the test answers associated with
the multiple-choice questions displayed on display 106 once
it has been decided that user 102 intends to provide an
answer. In various embodiments, BCI 104 may be config-
ured to implement any suitable BCI process or combination
of suitable BCI processes to determine user 102°s answer.
For example, BCI 104 may generate images via display 106
in accordance with a steady state visual invoked potential
process and analyze user 102’s brain activity in accordance
with this process to determine user 102’s selection.

[0030] To provide other examples, BCI 104 may analyze
user 102’s brain activity in accordance with P300 responses
using any of a number of arrangements for displaying the
image stimuli via display 106, such as a grid format, rapid
serial visual presentation, etc.

[0031] In a third step, BCI 104 may verify the user’s
answer from the second step. In various embodiments, BCI
104 may continue to receive and analyze the user’s brain
activity by executing one or more algorithms, instructions,
programs, applications, code, etc., after the user’s selected
answer has been determined by BCI 104 to verify the user’s
answer. For example, various embodiments include BCI 104
implementing error potential detection, which may result in
BCI 104 causing display 106 to display an answer that was
interpreted as chosen by the user, and then determining
whether the user’s brain activity produced an error potential.
[0032] To provide another example, BCI 104 may cause
display 106 to display one or more images that allow user
102 to confirm or cancel the selected answer that been
determined by BCI 104 in the second step, which is dis-
played to user 102 via display 106. To provide another
example, BCI 104 may cause display 106 to repeat the
second step and compare the results of both selections to
verify a match.

[0033] To provide yet another example, BCI 104 may be
configured to execute a hold-release algorithm with respect
to two different states. The first of these states may represent
user 102 holding the initial answer selection, which is
displayed to user 102 via display 106 after the second step.
The second of these states may represent user 102 changing
his selection to another stimuli displayed via display 102 to
cancel the displayed selection after the second step.

[0034] That is, embodiments include BCI 104 being con-
figured to cause display 106 to display the selected answer
from step 2 and an image indicative of the user’s intent to
cancel this answer selection. BCT 104 may be configured to
execute a hold-release algorithm that associates the retention
of the user’s focus on the stimuli associated with the
displayed answer as a hold state, and the transition of the
user focusing on the stimuli associated with the cancellation
image as a release state. The details of the hold-release
process are further discussed below with reference to FIG.
5.

[0035] In this way, BCI system 100 may facilitate the
administration of standardized and non-standardized testing
via the monitoring of the user’s brain activity without the
need for motor and/or oral feedback from the user. In
addition, BCI system 100 addresses many of the issues
regarding accuracy and standardization that typically plague
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indirect BCI testing procedures. Traditional BCI testing
methods typically tely on an analysis of a user’s brain
activity to select a test answer using indirect methods, such
as by moving a cursor around a screen. Indirect testing
methods also have issues associated with accuracy and
skewing test results, including those related to a user becom-
ing frustrated during the test, which may compound errors
and result in an incorrect assessment of the user’s cognitive
abilities.

[0036] In contrast to these indirect approaches, embodi-
ments of BCI system 100 allow user 102 to select answers
in a direct way. This provides more accurate results com-
pared to indirect methods, and also provides the added
benefit of not requiring a standardized test to be reformatted,
which is generally required for indirect testing methods. In
other words, direct selection by user 102 better conforms to
the protocol for which the standardized test was designed,
i.e., a direct selection of multiple-choice answers. By pre-
senting the test in a similar way in which it was designed to
be given to everyone (and not just users lacking motor
and/or oral skills) BCI system 100 helps to remove test data
skewing that is otherwise introduced simply through the
manner in which a BCI test is administered.

[0037] In other embodiments, BCI system 100 may be
implemented as part of a control system configured to render
assistance to a user lacking effective motor and/or oral skills.
For example, BCI 104 may be configured to additionally or
alternatively use signals received via brain activity moni-
toring system 103 and provide control commands to motor-
ized wheelchair 111. In accordance with such embodiments,
BCI 104 may be configured to transmit control commands to
motorized wheelchair 111 as one or more data signals in
accordance with any suitable number and/or type of com-
munication formats, protocols, and/or standards, such as via
link 112, for example. Display 106 and/or BCI 104 may be
integrated as part of, mounted on, or otherwise associated
with motorized wheelchair 111 to facilitate these functions.

[0038] In still other embodiments, BCI system 100 may be
implemented as part of a gaming system playable by a user
lacking effective motor and/or oral skills. For example, BCI
104 may be configured to additionally or alternatively use
signals received via brain activity monitoring system 103
and modify feedback displayed user 102 via display 106 as
part of a gaming application. In accordance with such
embodiments, BCI 104 may be configured to transmit one or
more data signals to display 106 in accordance with any
suitable number and/or type of communication formats,
protocols, and/or standards, such as via link 107, for
example.

[0039] Forexample, BCI 104 may be configured to imple-
ment a hold-release algorithm for this purpose, with the hold
state and the release state being associated with any suitable
type and/or number of physical actions, commands, etc.,
such as those used to control motorized wheelchair 111,
those used for a gaming application, etc. Similar to the
determination of user 102’s answers to test questions as
previously discussed, BCI 104 may analyze user 102’s brain
activity as the user focuses on different stimuli displayed on
display 106 corresponding to various controls. Based upon
user 102°s selected function, BCI 104 may determine
whether user 102 would like to hold a selected command or
transition to a release state representing another command.
These embodiments could be particularly useful in situations
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in which a user wants to use two different types of states to
cause a change in a control process that may be represented
in such a manner.

[0040] To provide an illustrative example, various
embodiments include display 106 displaying a particular
stimulus for user 102 to focus on (e.g., by counting flashes
of an icon). When BCI 104 determines that user 102 is doing
s0, BCI 104 may interpret the user’s focus on the particular
stimulus as a holding state, such as the activation of a
motorized wheelchair control, for example. The motorized
control could be associated with an action such as driving
motorized wheelchair 111 forward, backward, turning
motorized wheelchair 111, etc. Continuing this example,
when BCI 104 detects user 102’s initial selection that was
made through attention to the stimulus, BCI 104 may cause
a command to be issued to motorized wheelchair 111 to
drive forward and then maintain that action as the holding
state as long as user 102 continues to focus on the stimuli
associated with that command.

[0041] Further continuing this example, when BCI 104
detects that user 102 has switched his focus to another
stimulus (e.g., counting flashes of another icon), BCI 104
may interpret this as a de-activation or a cancellation of a
motorized wheelchair control, which represents a release
state. That is, the release state may be associated with the
cessation of the action associated with the holding state. For
example, if the holding state is associated with moving
motorized wheelchair 111 forward, then detection of the
release state could cause BCI 104 to issue a command to
stop motorized wheelchair 111.

[0042] In various embodiments in which BCI 104
executes hold-release state algorithms, the algorithms may
be applied to any suitable type and/or number of control
states. Additional embodiments could include controlling
volume by associating a volume increase (or decrease) with
aholding state and the cessation of the holding state with the
release state. In this way, BCI 104 may provide a user with
the ability to exercise any type of control that takes advan-
tage of state changes via analysis of a user’s brain activity.
[0043] FIG. 2 illustrates a BCI device 200 in accordance
with an exemplary embodiment of the present disclosure.
BCI device 200 includes a central processing unit 202, a
graphics processing unit (GPU) 204, a communication unit
206, and a memory 208. BCI device 200 may be imple-
mented as any computing device suitable for receiving,
monitoring, analyzing, and/or processing data signals rep-
resentative of a user’s brain activity. In an embodiment, BCI
device 200 is an implementation of BCI 104, as shown in
FIG. 1.

[0044] In an embodiment, communication unit 206 may
be configured to enable the receipt of data from a brain
activity monitoring system, such as from brain activity
monitoring system 103, for example, as shown in FIG. 1. In
various embodiments, communication unit 206 may be
configured to facilitate the transfer of data received from a
brain activity monitoring system to CPU 202 and/or to
memory 208. For example, data received from communica-
tion unit 206 from a brain activity monitoring system may be
stored in any suitable location in memory 208 for subse-
quent processing by CPU 202.

[0045] Alternatively or additionally, various embodiments
of communication unit 206 include communication unit 206
sending one or more commands, signals, data, etc., to one or
more control components to facilitate a state change.
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Examples of control components could include motor con-
trollers, volume controllers, or any suitable type of control-
ler component that may be utilized to assist a user with
impaired motor and/or oral skills. These control components
are not shown in FIG. 2 for purposes of brevity.

[0046] As will be appreciated by those of skill in the
relevant art(s), communication unit 206 may be imple-
mented with any combination of suitable hardware and/or
software to enable these functions. For example, communi-
cation unit 206 may be implemented with any number of
wired and/or wireless transceivers, network interfaces,
physical layers (PHY), etc.

[0047] Invarious embodiments, CPU 202 and/or GPU 204
may be configured to communicate with memory 208 to
store to and read data from memory 208. For example, CPU
202 and/or GPU 204 may be implemented as any suitable
number and/or type of processors. In various embodiments,
CPU 202 may be configured to process brain activity data
signals received from a brain activity monitoring system,
while GPU 204 may be configured to send data signals
and/or commands to a display device, such as display 106,
for example, as shown in FIG. 1, to cause the display to
show one or more images. In an embodiment, the images
that GPU 204 causes to be displayed are used to administer
a cognitive assessment test, such as those previously dis-
cussed with reference to FIG. 1.

[0048] In accordance with various embodiments, memory
208 is a computer-readable non-transitory storage device
that may include any combination of volatile (e.g., a random
access memory (RAM), or a non-volatile memory (e.g.,
battery-backed RAM, FLASH, etc.). In various embodi-
ments, memory 208 may be configured to store instructions
executable on CPU 208 and/or GPU 204. These instructions
may include machine readable instructions that, when
executed by CPU 202 and/or GPU 204, cause CPU 202
and/or GPU 204 to perform various acts.

[0049] In various embodiments, data read/write module
210, hold-release module 212, and BCI processing and
testing module 214 are portions of memory 208 configured
to store instructions executable by CPU 202 and/or GPU
204. In various embodiments, data read/write module 210
may include instructions that, when executed by CPU 202
and/or GPU 204, causes CPU 202 and/or GPU 204 to read
data from and/or to write data to memory 208. In various
embodiments, data read/write module 210 may include
instructions that, when executed by CPU 202 and/or GPU
204, causes CPU 202 and/or GPU 204 to receive data from
a brain activity monitoring system via communication unit
206. In an embodiment, data read/write module 210 may
enable CPU 202 and/or GPU 204 to access, read, and/or
execute one or more one or more algorithms, instructions,
programs, applications, code, etc., stored in hold-release
module 212 and/or BCI processing and testing module 214.
[0050] In various embodiments, BCI processing and test-
ing module 214 may be configured to store one or more
algorithms, instructions, programs, applications, code, etc.,
that are executed by CPU 202 and/or GPU 204 as part of an
overall framework process. In some embodiments, this
framework process includes the data processing instructions
in accordance with a particular type of BCI. For example,
when a test is administered to a user in a BCI format, the
brain activity data signals for that user may be processed and
analyzed in accordance with one or more types of BCI
protocols. In various embodiments, BCI processing and
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testing module 214 may be configured to store instructions
regarding this formatting, and how to process signals
received from a brain activity monitoring system in accor-
dance with one or more formats to interpret the user’s
intentions, selections, and/or decisions as the user is exposed
to various stimuli.

[0051] For example, as previously discussed with refer-
ence to FIG. 1, various embodiments include BCI device
200 executing a three-step process for each test question to
ensure that the user’s selected answer is accurate. During
each of these steps, BCI device 200 may cause images to be
displayed to a user, via GPU 204, and to receive, via
communication unit 206, data signals from a brain activity
monitoring system in response to the user viewing stimuli
associated with these images.

[0052] In an embodiment, BCI processing and testing
module 214 may be configured to store instructions includ-
ing the type of stimuli and/or images sent to display 206 and
how CPU 202 processes signals received from a brain
activity monitoring system in response to the user viewing
these stimuli and/or images. For example, if a user’s inten-
tion is determined in step one of the three-step process via
an asynchronous BCI process, then BCI processing and
testing module 214 may be configured to store instructions
read by CPU 202 to process received brain activity signals
in accordance with that asynchronous BCI process.

[0053] To provide another example, embodiments include
the second step in the testing process determining a user’s
answer selection. Several types of brain activity processes
may be implemented to facilitate this determination. For
example, if steady-state visually evoked potentials (SSVEP)
are implemented, GPU 204 may send images representative
of test answers to a display (e.g.. display 106). Based on the
feedback received from data signals indicative of the user’s
brain activity, BCI processing and testing module 214 may
include instructions regarding how to process this feedback
in accordance with the SSVEP process to identify the
displayed image that the user intends as an answer and/or to
modify the displayed images to indicate the user’s selected
answer.

[0054] Furthermore, in various embodiments, BCI pro-
cessing and testing module 214 may be configured to store
instructions including the test questions, answer keys, user
answers, and/or images representative of the test questions
themselves. In various embodiments, BCI processing and
testing module 214 may store any suitable number of tests,
which may be administered when selected by an operator,
such as by medical staff administering the test, for example.
In various embodiments, an operator (e.g., medical staff
member) may alter the contents of BCI processing and
testing module 214 by uploading new tests and/or down-
loading test answers.

[0055] In an embodiment, BCI processing and testing
module 214 may be configured to store instructions enabling
CPU 202 to store a user’s selected answers for any suitable
number of test questions as a test answer profile. In an
embodiment, the test profile may be generated by CPU 202
after the three-step process is applied to each test question.
For example, the test answer profile could be an answer
profile that conforms to a standard test key grading system,
such as a listing of multiple-choice answers for each test
question. In this way, once a standardized test is adminis-
tered via BCI device 200, the answers to that test may be
graded in accordance with the standard test answer key,
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greatly reducing grading errors that could otherwise be
introduced when adapting the test for compatibility with the
BCT test procedure.

[0056] In various embodiments, hold-release module 212
may be configured to store one or more algorithms, instruc-
tions, programs, applications, code, etc., that are executed by
CPU 202 and/or GPU 204 to facilitate hold-release func-
tionality, which will be further discussed below with refer-
ence to FIGS. 3A-B. For example, hold-release module 212
may include executable code in any suitable language and/or
format. In some embodiments, hold-release module 212 may
be configured to include instructions that are executed in
conjunction with the third step in the three-step process that
is applied during one or more questions for the administra-
tion of a cognitive test assessment, as previously discussed
with respect to FIG. 1.

[0057] In other embodiments, hold-release module 212
may be configured to include instructions that are executed
in conjunction with a hold and release control state change
and may be used alternatively or in addition to a testing
process. Again, further details regarding implementing the
hold and release process for identifying and/or controlling
state changes are discussed below with respect to FIGS.
3A-B.

[0058] Although FIG. 2 illustrates communication unit
206, CPU 202, GPU 204, and memory 208 as separate
elements, various embodiments of BCI device 200 include
any portion of communication unit 206, CPU 202, GPU 204,
and memory 208 being combined, integrated, and/or sepa-
rate from one another. For example, any of communication
unit 206, CPU 202, GPU 204, and memory 208 could be
integrated as a single device, a system on a chip (SoC), an
application specific integrated circuit (ASIC), etc.

[0059] Furthermore, although data read/write module 210,
hold-release module 212, and BCI processing and testing
module 214 are illustrated as separate portions of memory
208, various embodiments include these memory modules
being stored in any suitable portion of memory 208, in a
memory implemented as part of CPU 202 and/or GPU 204,
and/or spread across more than one memory. For example,
data read/write module 208 could be stored as part of
memory 208, while hold-release module 212 and BCI pro-
cessing and testing module 214 are stored in a memory
integrated as a part of CPU 202. As will be appreciated by
those of ordinary skill in the relevant art(s), different
memory modules may be integrated as a part of CPU 202 to
increase processing speed, reduce latency and/or delays due
to data processing bottlenecks, etc. For purposes of brevity,
only a single memory 208 is illustrated in FIG. 2.

[0060] Although illustrated as a single BCI device in FIG.
2, in various embodiments BCT device 200 may consist of
any number or group of one or more BCI devices. In
accordance with such embodiments, each BCI device may
include one or more CPUs and be configured to operate
independently of the other BCI devices. BCI devices opet-
ating as a group may process signals received from a brain
activity monitoring system individually (e.g., based on their
availability) and/or concurrently (e.g., parallel processing).
[0061] FIG. 3A illustrates an example of a test question
image 300 prior to a user making an answer selection, in
accordance with an exemplary embodiment of the present
disclosure. Test question image 300 includes four multiple-
choice answer selections 302, 304, 306, and 308. Fach of the
four multiple-choice answer selections 302, 304, 306, and
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308 also has an associated label 310A-D, respectively.
Although FIG. 3A illustrates labels 310A-D as numbers 1-4,
respectively, any suitable type of identifier may be used as
labels 310A-D, such as letters, for example.

[0062] As shown in FIG. 3A, each of labels 310A-D is
surrounded by a respective border pattern 311A-D, which
may include a black and white checkerboard pattern, for
example. In accordance with various embodiments, the
black and white checkerboard patterns constituting each
border pattern alternate patterns of black and white to
“flicker” at a corresponding frequency. Several BCI methods
are typically used to determine a user’s decisions when
exposed to these types of visual stimuli.

[0063] For example, using one type of BCI method,
SSVEP, each of border patterns 311A-D may flicker at a
different frequency than one another, and these frequencies
may be high enough such that the flicker is not consciously
counted by the user viewing the images. Nonetheless, the
flicker frequency is able to be identified via an analysis of
the user’s brain activity data signals received at a BCI, such
as BCI device 200, for example, while a user is viewing a
selected answer image and its associated border pattern and
label.

[0064] Although FIG. 3A illustrates each of border pat-
terns 311A-D as having a black and white checkerboard
pattern, any suitable pattern type may be used for border
patterns 311A-D. For example, border patterns 311A-D may
be implemented as having any suitable type of color, pattern,
design, etc., which may be used to provide suitable SSVEP
stimuli. For example, border patterns 311A-D may include
a solid, single color that flickers at a particular frequency.

[0065] In another type of BCI method, P300, or event-
related potential (ERP) BCI, each of labels 310A-D may
flash at a slower rate, which may be counted by the user, and
an analysis of the user’s brain activity data signals received
at a BCI, such as BCI device 200, for example, may indicate
a positive change in the user’s brain activity data signals
about 300 milliseconds after each flash occurs. Identification
of this positive change, whose timing may be specified for
individual users, allows for the identification of the answer
selection that the user intends to choose corresponding to
each of respective labels 310A-D. Additionally or alterna-
tively, various embodiments include any suitable portion of
images 302, 304, 306, and 308 flashing, such as the images
themselves.

[0066] Although FIG. 3A illustrates several labels 310A-D
and their corresponding border patterns, embodiments
include images 302, 304, 306, and 308 flickering in accor-
dance with SSVEP frequencies or flashing in accordance
with a P300 flash pattern. In accordance with such embodi-
ments, labels 310A-D (and border patterns 311A-D) may be
omitted and user 102 may be instructed, for example, that
each test answer position corresponds to one of answers A-D
for the duration of the test.

[0067] In various embodiments, each of border patterns
311A-D may flicker in accordance with SSVEP frequencies,
each of labels 310A-D may flash in accordance with a P300
flash pattern, each of images 302, 304, 306, and 308 may
flicker in accordance with SSVEP frequencies or flash in
accordance with a P300 flash pattern, or any combination of
flickering and/or flashing may occur among each of border
patterns 311A-D, labels 310A-D, and/or images 302, 304,
306, and 308 may happen simultaneously.
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[0068] For example, in an embodiment, border patterns
311A-D may flicker at a SSVEP frequency to allow BCI
device 200 to process a user’s brain activity data signals to
assess the flicker frequency with a desired answer selection,
while labels 310A-D may flash at the same time in accor-
dance with a P300 flash pattern, additionally registering the
user’s recognition response to making the desired selection
in accordance with a P300 BCI process.

[0069] Various embodiments of BCI device 200 may be
implemented for the administration of any suitable test.
However, the example image 300 shown in FIGS. 3A-B may
correspond to one or more images such as those used in a
PEABODY PICTURE VOCABULARY TEST—47% EDI-
TION (PPTV-1V), for example. The PPTV-IV test includes
an oral pronunciation of a word, and allows a user to select
the image that most closely resembles that word. For pur-
poses of explanation, assume that “bird” is the correct
answer to a test question represented by example image 308.
[0070] When a test is administered in accordance with
various embodiments, the user would focus on label 310D
and its corresponding border pattern 311D that are associ-
ated with image 308 to select this answer. In an embodiment,
the three-step process may be applied to determine the user’s
selected answer.

[0071] As previously discussed, the first step in the three-
step process is ascertaining whether a user is paying atten-
tion to the displayed answers or intends to answer the test
question. In accordance with such an embodiment, FIG. 3A
is an example of what may be displayed to a user during the
first and second steps of such a three-step process. For
example, if a timer is used to verify that a user is ready to
decide upon an answer, timer 313 may be displayed indi-
cating that the test has begun and a remaining time for the
user to select an answer. To provide another example, a tone
or other notification may be used to indicate a timer has
started, which may or may not be visible to the user while
the user prepares to make a decision.

[0072] Inanembodiment, the second step may begin once
timer 313 has started (or until an asynchronous BCI process,
for example, otherwise indicates that the user intends to
answer, until a threshold amount of time is left on the timer,
etc.). That is, each respective answer selection’s border
pattern 311 and/or label 310 may being flickering before
timer 313 starts, but BCI device 200 may wait until a
determination that the user actually intends to answer before
processing the user’s brain activity data signals. Based on a
monitoring of the user’s brain activity data signals, BCI
device 200 may then determine the user’s selected answer,
such as the answer associated with image 308, for example.
Once BCI device 200 determines that the user has selected
the answer associated with image 308, the image is modified
to the image that is shown in FIG. 3B, which is further
discussed below. By waiting until it is determined that the
user intends to select an answer in this way, embodiments of
BCI device 200 help to ensure that the answer determined
during the second step is correct.

[0073] FIG. 3B illustrates an example of a test question
image 320 used to verify a user’s answer after BCI device
200 determines a user’s answer selection, in accordance with
an exemplary embodiment of the present disclosure. In an
embodiment, image 320, as shown in FIG. 3B, is shown to
a user in accordance with the third step in the three-step
answer selection process. That is, once a determination has
been made by BCI device 200 that the user has selected
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answer image 308 from FIG. 3A, answer image 308 is
maintained while the remaining images 302, 304, and 306
are de-emphasized in FIG. 3B. In various embodiments, this
de-emphasizing may be implemented by any suitable meth-
ods such as fading, muting, removing, reducing, adjusting
colors, etc., associated with the non-selected answer images.
[0074] In addition to the de-emphasis of the other answer
images, embodiments also include the presentation of a
cancellation image, an example of which is shown in FIG.
3B as cancellation image 312. Based on the particular BCI
method used (e.g., P300, SSVEP, or both) cancellation
image 312 may also include a border pattern 314. Similar to
labels 310A-310D and border patterns 311A-D, cancellation
image 312 and/or border pattern 314 may flicker at a specific
SSVEP frequency and/or flash in accordance with a P300
flash pattern (e.g.. as a sequence of stimuli that is part of a
P300 flash sequence to illicit a P300 ERP). For example,
cancellation image 312 may flash in accordance with a
particular P300 flash pattern, border pattern 314 may flicker
at a particular SSVEP frequency, or both.

[0075] Similar to border patterns 311A-D, various
embodiments include border pattern 314 implemented as
any suitable type of color, pattern, design, etc., which may
be used to provide a suitable SSVEP stimuli. Once the user
is presented with the image as shown in FIG. 3B, the user
has two options. If the user intends to keep the selected
answer corresponding to image 308, the user can maintain
her focus on image 308. But if the user accidentally chose
image 308 as the wrong selection (or if BCI device 200
misinterpreted the user’s selection) then the user may switch
her concentration to image 312 to cancel this selection. In
accordance with various embodiments, BCI device 200 may
be configured to detect whether the user intends to hold the
selected answer image 308 or to change (i.e., release) from
the holding state by focusing on cancellation image 312.
[0076] In an embodiment, BCI device 200 may be con-
figured to present any suitable number of images (e.g., four,
as in FIGS. 3A-3B) corresponding to the next test question
if a holding state is detected, 1.e., if BCI device 200 detects
that the user is maintaining focus on image 308. Further in
accordance with such an embodiment, BCI device 200 may
be configured to replace FIG. 3B with the image shown in
FIG. 3A if a release state is detected, i.e., if BCI device 200
detects that the user has switched his focus from image 308
to cancellation image 312.

[0077] In an embodiment, this process may be repeated
any suitable number of times for each test question until an
answer is obtained for all questions in the test. Once the test
answers are collected, BCI device 200 may build and/or
format a corresponding answer profile for the user that may
be graded in accordance with a test answer key. For
example, since each answer image has a corresponding
number, test answers may be collected by identifying the
answer images by number. For the previous example, once
the user’s selection of answer image 308 was verified, the
answer number “4” may be recorded for that test question.
[0078] In various embodiments, the hold-release state
transition detection may be implemented in a number of
sub-steps as part of the third step in the three-step answer
selection process. In an embodiment, training data may be
collected for a particular user prior to running the test (or
other system in which BCI device 200 is implemented). For
example, the determination made by BCI device 200 regard-
ing a user’s particular selection is based upon the user’s
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brain activity data signals, but is typically not an absolute
certainty; rather, the decisions are typically performed in the
context of a mathematical analysis.

[0079] In other words, because each user’s brain activity
is unique and difficult to measure, embodiments include BCI
device 200 determining a user’s selections by weighting the
importance of portions of the brain activity data signals
considered most highly correlated with the decision. For
example, weights for individual portions of the brain activity
data signals may be determined based on the classification of
collected brain signal activity in response to a user being
exposed to a particular set of known stimuli. These user may
be exposed to the known stimuli through the training pro-
cess, for example. The weights may be calculated via a
classification process, resulting in a range of classifier values
corresponding to each type of stimuli for SSVEP, to the
presence or absence of evoked potentials such as the P300
ERP, etc.

[0080] For example, a selection classifier training process
may be implemented for a particular user before a test is
administered. The selection classifier training may corre-
spond to the user viewing and/or concentrating on several
different stimuli (e.g., border portions 311A-D) that flicker
at various frequencies. Based on this training data, different
ranges of classifier values may be calculated by BCI device
200 based on a user’s brain activity while the user is exposed
to different stimuli.

[0081] Once the selection classifier training process has
been completed, BCI device 200 may calculate new (i.e.,
post-training) classifier values based upon the user’s brain
activity data signals during subsequent exposures to the
same stimuli. These new classifier values may be compared
to the different ranges of classifier values calculated during
the selection classifier training process, to one another,
and/or to one or more threshold values, which is further
discussed below, to identify which of the subsequent stimuli
the user is being exposed to (e.g., which image the user is
focusing on). The various stimuli may correspond to one or
more answer selections, actions, etc. Through an analysis of
the user’s brain activity data and updated classifier values,
embodiments include BCI device 200 determining the user’s
decision to either hold the selected answer or to release the
answer (i.e., cancel it).

[0082] In various embodiments, any suitable number of
rules may be constructed to ensure that the user’s decisions
are accurately determined. For example, after the training
data has been collected, BCI device 200 may continue to
monitor the user’s brain activity (i.e., receive and process the
user’s BEEG data signals) while the user focuses on a
particular stimuli after a selection has been made. This could
include, for example, a user continuing to focus on stimuli
provided by label 311B and border portion 310B of answer
image 308, or switching his focus to border portion 314
associated with cancellation image 312, as shown in FIG.
3B. In an embodiment, BCI device 200 may be configured
to generate another, subsequent classifier—a hold-release
classifier, based on a comparison between (1) classifier
values calculated during the monitoring of the user’s brain
activity after the user has made a selection, and (2) the range
of hold-release classifier values that have been determined
prior to testing, which may be referred to as “training
classifier values,” throughout this disclosure.

[0083] To provide an illustrative example, BCI device 200
may first calculate two threshold classifier values that sepa-
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rate the training classifier values associated with the user
viewing a target stimulus and the classifier values associate
with the user viewing an irrelevant stimulus. Continuing this
example, during the selection classifier training process, a
user may be instructed to consider one image (e.g., 308) as
the correct answer from a set of images (target stimulus).
The user may also be instructed to focus on cancellation
image 314 (cancellation stimulus). Flashes of this image’s
respective label 310B and/or flickering of its border portion
311B would then be considered the target stimuli, while
flashes of cancellation image 312 and/or flickering of border
314 would be considered the cancellation stimuli.

[0084] During the training process, the user’s brain activ-
ity in response to the target and cancellation stimuli may be
used to calculate weights for a classifier in accordance with
any suitable classification method, such as a least squares
regression analysis, for example. Application of these
weights to an individual’s brain activity data signals would
produce classifier values. As a result of the selection clas-
sifier training process, one range of classifier values would
be identified as associated with the target stimuli while
another range of classifier values would be associated with
non-relevant stimuli.

[0085] Inan embodiment, thresholds at the border of these
ranges may be used as an indication of whether a new
classifier value (e.g., from subsequent exposure to either
target or cancellation stimuli) should be considered to be the
result of a user’s exposure to a target stimuli, to a cancel-
lation stimuli, or remain unknown. In various embodiments,
a determination of an unknown response may be further
analyzed with additional rules, as further discussed below, to
determine whether the new classifier value should be con-
sidered to be in response to a user’s exposure to a target or
a cancellation stimuli.

[0086] Further expanding upon this exemplary rule, BCI
200 may identify various stimuli, from classifier values
calculated using the user’s brain activity data signals while
exposed to the stimuli, based upon a comparison between
the subsequently calculated classifier values and the corre-
sponding range of target classifier values.

[0087] Furthermore, in accordance with an embodiment,
BCI device 200 may use the largest classifier values to
identify a target stimuli selection by the user. But since the
hold-release decision with reference to FIG. 3B is only with
regards to two possible choices, only classifier value ranges
for the brain activity response to answer stimuli associated
with image 308 and cancellation image 312 are required.
That is, if the selection classifier training process resulted in
the calculation of a range of classifier values corresponding
to values designated as C1-C10 for a target stimuli selection
by the user, and classifier value ranges designated as C20-
C30 for cancellation stimuli selection by the user, the rule
could set one or more threshold classifier values to separate
the ranges (C1-C10) and (C20-C30).

[0088] Using this rule, a user’s intention to hold the
selected answer image 308 in FIG. 3B could be determined
by BCI device 200 when the classification of the user’s brain
activity data signals results in a classifier value equal to or
greater than a threshold classifier value (e.g., C15) such that
classifier values falling above or below the one or more
threshold values are associated with the user either continu-
ing to focus to the target stimuli or switching to the cancel-
lation stimuli. In various embodiments, any suitable thresh-
old classifier value may be utilized, such as a threshold
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classifier at the lower end of C1-C10, a classifier threshold
value at the upper end of C20-C30, zero, etc.

[0089] Another example of a rule may include comparing
a classifier value calculated from the user’s brain activity
data signals during the third step with a predetermined
classifier value. For example, if a classifier value associated
with image 308 during the third step is a negative value
(assuming zero was determined from the training process
classifier values as a baseline below which classifier values
are associated with cancellation stimuli) then BCI device
200 may determine that the user has decided to select
cancellation image 312 instead of answer image 308. In
other words, in this rule example, a negative classifier value
indicates a negative correlation to a user’s intention to hold
the selected answer image 308, and therefore the hold state
is switched to cancellation image 312.

[0090] When implementing such a rule, BCI device 200
may determine, for example, if one or more conditions are
met, and identify the user’s decision (i.e., the appropriate
holding state) based on any suitable combination of these
conditions being satisfied. For example, BCI device 200
may implement a three-part rule. An example of the three-
part rule could include BCI device 200 first determining
which of the two classifier values is larger than the other.
Using a typical classifier system, a higher classifier value is
typically associated with a higher correlation between the
user’s decisions to hold one state (e.g., the selected image
308) versus another state (e.g., cancellation image 312).
Second, BCI device 200 may then determine whether the
first and second classifier values are both positive, which
could indicate a better correlation between the user intend-
ing to select either one of the states. Third, BCI device 200
may determine whether the first and second classifier values
are both less than a threshold value, such as the threshold
value as previously discussed with respect to the first rule,
for example. If all three rule conditions are satisfied in the
example third rule, BCI device 200 may identify the state
associated with the higher classifier value as the holding
state.

[0091] Furthermore, although the hold and release process
has been described in terms of a single hold and a single
release state mapped to individual control states, various
embodiments include any suitable combination of various
hold and/or release states. For example, a user could be
exposed to any number of stimuli associated with respective
holding states and a single release state that stops the activity
associated with the currently selected holding state. Such
embodiments could be particularly useful when, for
example, it is desirable to provide a user with access to
multiple holding states that may be used to provide more
complex types of control, such as turning, increasing speed,
decreasing speed, etc., that form part of a singularly con-
trolled device.

[0092] Although the details of the hold-release concept
have been explained with reference to a user selecting
answers to test questions, embodiments include BCI device
200 implementing the hold-release functionality as part of
any suitable system that utilizes state changes. That is, a
holding state may be identified with any state the user wishes
to maintain, while the release state may be associated with
any state that results from the user’s desire to stop the
holding state.

[0093] To provide another example, the hold and release
states could be applied to motor controls for a motor-
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powered wheelchair, or any other suitable type of motored
assisting device. In such an embodiment, the holding state
could be associated with a forward movement or a turn,
while the release state could be associated with the stoppage
of the movement or turn. In addition, embodiments include
the hold and release states switching their associated
mapped control behaviors for a particular application. As
previously discussed, the detection and switching of the
identification of hold and release states could be especially
useful in such embodiments. That is, a user may wish to
quickly switch between moving forward, stopping, and then
moving forward again. In such an example, embodiments
include the holding state initially being identified as the
movement state and the release state initially being identi-
fied as the stopping state. Once the user decides to stop his
movement, the holding state could then be identified as the
stopped state, and the released state identified as the move-
ment state. In an embodiment, these states could continu-
ously switch to allow a user’s desired decisions to be
interpreted quickly and accurately.

[0094] In yet another example, the hold-release states
could be applied to any suitable type of speller used to
provide or supplement an impaired user’s speech. In such an
embodiments, any suitable number of hold and release states
could be associated with any suitable number of locations,
rows, columns, etc., of a BCI speller. The hold and release
system could be implemented in the context of a BCI speller
by interpreting a user’s intention to select one or more
locations with a holding state, and providing a cancelation
image to release the selection in the case of an erroneous
selection, interpreting continued attention to the location as
a hold and confirmation.

[0095] FIG. 4 illustrates an example test answer selection
method 400 in accordance with an exemplary embodiment
of the present disclosure. In the present embodiment,
method 400 may be implemented by any suitable computing
device (e.g., BCI device 104 or BCI device 200, as shown
in FIGS. 1 and 2, respectively). In one aspect, method 400
may be performed by one or more algorithms, instructions,
programs, applications, code, etc., such as any suitable
portion of CPU 202 executing instructions in one or more of
the modules stored in memory 208, for example, as shown
in FIG. 2.

[0096] Method 400 may begin when one or more proces-
sors display images corresponding to multiple-choice
answers for the cognitive assessment test (block 402). This
may include, for example, displaying images in accordance
with a standardized test format, such as a standardized
cognitive assessment test used to measure a user’s cognitive
abilities, in an embodiment (block 402). In an embodiment,
the images may be generated, for example, by one or more
GPUs of a BCI device, such as GPU 204, as shown in FIG.
2, for example. The images may include, for example,
images corresponding to the images shown in FIG. 3A that
are retrieved from CPU 202 and/or GPU 204 from one or
more portions of memory 208, which could include retrieval
of one or more saved files from BCI processing and testing
module 214, for example (block 402).

[0097] Method 400 may include one or more processors
receiving EEG signals based upon a user’s brain activity
during administration of a cognitive assessment test (block
404). The EEG signals may be generated, for example, via
any suitable brain activity monitoring system configured to
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measure the user’s brain activity, such as brain activity
monitoring system 103, for example, as shown in FIG. 1
(block 404).

[0098] Method 400 may include one or more processors
determining whether a user intends to decide upon an
answer from the multiple-choice answers (block 406). This
determination could be made, for example, by one or more
CPUs of a BCI device, such as CPU 202, as shown in FIG.
2, for example, in an embodiment (block 406). For example,
this determination may be made when one or more proces-
sors display a timer to inform a user to decide upon an
answer before time runs out, such as timer 313, for example,
as shown in FIG. 3A (block 406). To provide another
example, this determination may be made via an asynchro-
nous BCI process performed on the user’s EEG signals
(block 406) while taking the test.

[0099] If the one or more processors determine that the
user is ready to decide upon an answer, method 400 proceeds
to determine the user’s answer (block 408). Otherwise,
method 400 continues to wait for the user to be ready to
decide upon a displayed answer image (block 406). In an
embodiment, the determination of whether the user is ready
to decide upon an answer corresponds to the first step in a
three-step answer selection and verification process (block
406).

[0100] Method 400 may include one or more processors
determining the user’s selection from the multiple-choice
answers (block 408). In an embodiment, the determination
of the user’s selection is part of a second step in a three-step
answer selection and verification process (block 408). This
determination may include, for example, monitoring the
user’s brain activity data signals (e.g., EEG signals) in
response to the user being presented with the displayed
images (block 402) in accordance with an SSVEP BCI
and/or a P300 BCI process, in various embodiments (block
408).

[0101] Method 400 may include one or more processors
determining whether the user’s answer (block 408) has
changed (block 410). This may include, for example, one or
more processors continuing to receive EEG signals from the
user after the determination of the user’s selected answer
(block 408) to verify whether the user’s brain activity
indicates a match to the user’s previously selected answer
(block 410). In an embodiment, the verification of the user’s
answer (block 408) is part of a third step in a three-step
answer selection and verification process (block 410).

[0102] In the present embodiment, method 400 may
include verifying the user’s answer (block 408) by one or
more processors modifying the displayed images (block
402) to de-emphasize other answer selections while present-
ing a cancellation image, as shown in FIG. 3B (block 410).
This may also include, for example, one or more processors
processing the user’s brain activity to determine whether the
user’s selected answer corresponds to a current holding
state, or whether the user’s brain activity indicates the user’s
intention to cancel the selected answer through the identi-
fication of a release state associate with the user’s focus on
the cancellation image (block 410). If the user’s selected
answer is verified and/or the release state is not detected,
method 400 continues to record the user’s selected answer
(block 410). Otherwise, method 400 reverts back to display-
ing the initial images presented to the user prior to the user
making the selection (block 402).
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[0103] Method 400 may include one or more processors
recording the user’s answer (block 412). This may include,
for example, one or more processors, such as CPU 202 as
shown in FIG. 2, for example, storing the user’s verified
selected answer (block 410) in a memory, such as memory
208, for example, in an embodiment (block 412).

[0104] Method 400 may include one or more processors
advancing to the next test question (block 414). This may
include, for example, one or more processors, such as CPU
202 as shown in FIG. 2, for example, retrieving the next test
question from testing and processing module 214 of memory
208, for example, in an embodiment (block 414). If the last
test question was recorded, method 400 may include one or
more processors formatting and/or storing the entire user
answer profile in a memory, such as memory 208, as shown
in FIG. 2, for example (block 414). Once the next test
question is advanced at block 412, method 400 may include
displaying the next test question to the user (block 402).
[0105] FIG. 5 illustrates an example hold-release state
determination method 500 in accordance with an exemplary
embodiment of the present disclosure. In the present
embodiment, method 500 may be implemented by any
suitable computing device (e.g., BCI device 104 or BCI
device 200, as shown in FIGS. 1 and 2, respectively). In one
aspect, method 500 may be performed by one or more
algorithms, instructions, programs, applications, code, etc.,
such as any suitable portion of CPU 202 executing instruc-
tions in one or more of the modules stored in memory 208,
for example, as shown in FIG. 2. In an embodiment, method
500 is an implementation of the third verification step in a
three-step process, as previously discussed with reference to
FIG. 3B, for example.

[0106] Method 500 may begin when one or more proces-
sors calculate a first and a second range of classifier values
based upon a user’s EEG signals (block 502). In an embodi-
ment, the first and second range of classifier values may be
calculated based upon the user’s exposure to target and
cancellation stimuli, respectively (block 502).

[0107] For example, the first and a second range of clas-
sifier values may be calculated as training classifier values
during a training session whereby the user is exposed to
various stimuli that may be associated with various appli-
cations of a BCI, such as administration of a cognitive test,
a speller, controls for a motor-powered wheelchair, etc.
(block 502). For example, the first and second stimuli could
include a user’s exposure to stimuli associated with a
selected test answer image and a cancellation image, such as
a flickering borders 310A-D and/or border 314 as shown in
FIG. 3B, respectively, in an embodiment.

[0108] Method 500 may include one or more processors
calculating a first and a second training classifier threshold
(block 504). In an embodiment, the first and second training
classifier thresholds may be calculated based upon the first
and the second range of classifier values, such that the first
and second training classifier threshold separate the first and
the second range of classifier values from one another (block
504).

[0109] Method 500 may include one or more processors
classifying received EEG signals while the user is subse-
quently exposed to the target or the cancellation stimuli
(block 506). This classification may include, for example,
classifying the signals as being within the first or the second
range of classifier values based upon the first and a second
training classifier thresholds (block 506).
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[0110] Method 500 may include one or more processors
determining whether the user has been exposed to the target
stimuli or to the cancellation stimuli based upon the classi-
fying of the subsequently received EEG signals into one of
the first or the second range of classifier values (block 508).
This may include, for example, comparing the classified
EEG signals corresponding to determine which of the first or
the second range of classifier values the classified EEG
signals fall within (block 508).

[0111] Method 500 may include one or more processors
calculating a hold-release classifier value based upon EEG
signals received after determining (block 508) whether the
user has been subsequently exposed to the target stimuli or
to the cancellation stimuli (block 510). The calculation may
include, for example, classifying the user’s brain activity
(e.g., EEG signals) using any suitable techniques as previ-
ously discussed with respect to FIG. 3B to generate the
hold-release classifier value (block 510).

[0112] Method 500 may include one or more processors
identifying whether the user has decided to hold an action
associated with the target stimuli, or to release the action by
switching to the cancellation stimuli, based upon a compari-
son between the hold-release classifier value and the first
and second training classifier thresholds (blocks 512 and
514).

[0113] That is, method 500 may include one or more
processors comparing the calculated hold-release classifier
value (block 510) to the calculated first and second training
classifier thresholds (block 504) to determine whether the
user has decide to hold an action associated with the target
stimuli (block 512). In various embodiments, method 500
may include the identification of the hold and release states
using any suitable combination of the three rules as previ-
ously discussed with reference to FIG. 3B, for example, to
establish whether a selected test answer image (or any other
suitable stimulus that may be implemented with the identi-
fication of hold and release states) should be held (kept) or
released (cancelled) (block 512).

[0114] For example, the determination of whether the user
has decided to hold the action associated with the original
target stimuli may be determined (block 512) when the
calculated hold-release classifier value (block 510) is greater
than the first training classifier threshold (block 504).
[0115] To provide another example, the determination that
the user has decided not to hold the action associated with
the target stimuli may be determined (block 512) when the
calculated hold-release classifier value (block 510) is less
than the second training classifier threshold (block 504).
[0116] Ifitis determined that the user has decided to hold
the action associated with the target stimuli (block 512), then
method 500 reverts to continuing to receive EEG signals and
calculating hold-release classifiers (block 510). If it is deter-
mined that the user has not decided to hold the action
associated with the target stimuli (block 512), then method
500 continues (block 514).

[0117] In various embodiments, once the determination
that the user has decided to hold the action associated with
the original target stimuli is made, method 500 may include
generating additional hold-release classifier values (block
510) based on the most recent brain activity monitoring and
then comparing the new hold-release classifier value to a
previously generated hold-release classifier and/or to the
first and/or second classifier thresholds (block 512). In
various embodiments, the comparisons of more than one
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hold-release classifier value may be implemented using any
suitable number of rules as previously discussed with ref-
erence to FIG. 3B, for example.

[0118] Various embodiments include repeating the acts of
calculating the hold release classifier value (block 510) and
determining if the user has decided to hold the action
associated with the target stimuli (block 512). In this way,
method 500 may facilitate the continuous determination of
whether to maintain the holding state or to switch to a
release state (blocks 510 and 512).

[0119] Method 500 may include one or more processors
identifying a switch from the previous target stimuli to a
release stimuli to release the action represented by the hold
state (block 514). This may include, for example, the deter-
mination that a user changed her concentration from one
particular stimuli (e.g., flickering and/or flashing) associated
with holding a presented test answer image (e.g., maintain-
ing concentration on image 308) to another stimuli associ-
ated with the release of the identified holding state (e.g.,
switching concentration to cancellation image 312).

[0120] Once the switch is made from the previous target
stimuli to a release stimuli (block 514), method 500 may
revert back to calculating the hold release classifier value
(block 510). But, when this is done, embodiments include
the association of the hold state switching to the cancellation
stimuli, and vice-versa.

[0121] To provide an illustrative example, a user may be
initially exposed to a target stimuli (e.g., one presented with
a test answer image) and this maintained exposure may be
associated with the holding state. Method 500 may deter-
mine (block 512) that the user has intended to cancel the test
question by switching his exposure from the target stimuli to
the cancellation stimuli (cancellation image) (block 514).
Once this occurs, the reversion to the calculation of the
subsequent hold-release classifier value (block 510) results
in the association of the original target stimuli (test question
image) being switched to the cancellation stimuli (release
state). This reversion also results in the association of the
original cancellation stimuli (cancellation image) being
switched to the target stimuli (hold state).

[0122] As a result, the release state is subsequently pro-
cessed as the new hold state, and vice-versa. If, after the
reversion (block 514 to block 510), the user switched his
focus back to a test question, the calculated hold-release
classifier value (block 510) would be used and the determi-
nation made that the user has not decided to hold the action
associated with the cancellation image (block 512). This
process may repeat, switching the hold and release states any
suitable number of times until one or more conditions are
met (end), which is further discussed below.

[0123] In some embodiments, the number of times this
reversion process is repeated (blocks 510, 512, and 514)
may be limited. For example, this reversion process may be
repeated by monitoring the user’s brain activity over a
predetermined period of time, over a threshold maximum
number of loops, etc., in which case method 500 may end.
These embodiments may be particularly useful when a
determination of whether the user has decided to hold the
action associated with the original target stimuli needs to be
made within a relatively short period of time, such as in a
testing environment, for example. In this way, method 500
allows for brain activity to be monitored over several
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iterations to determine whether a holding state is main-
tained, thereby providing an accurate determination of the
user’s decisions.

[0124] In other embodiments, method 500 may continu-
ously repeat the reversion process (blocks 510, 512, and
514) without necessarily ending. These embodiments may
be particularly useful in implementations of a BCI used for
control systems. For example, if the BCI was implemented
as part of a motorized wheelchair, then it may be preferable
to associate the holding state with moving the wheelchair
forward, continuously monitoring the user’s brain activity
until a release state (or a safety stop) is detected.

[0125] Upon reading this disclosure, those of skill in the
art will appreciate still additional alternative structural and
functional designs for using a BCI and/or other suitable
control interfaces through the disclosed principles herein.
For example, although several embodiments have been
provided throughout the disclosure relating to cognitive
testing and wheelchair control implementations, various
embodiments may include any suitable type of application
utilizing state changes. To provide a specific example, a
gaming application may be implemented utilizing the hold-
release algorithms as discussed herein. The gaming appli-
cation may present other suitable types of stimuli instead of
test questions and cancellation images that are relevant to a
particular gaming application The hold-release process, as
discussed throughout the disclosure, may then be applied to
determine whether the user is ready to select from among
various presented stimuli, whether the user intends to main-
tain a selection, whether the user intends to cancel the
selection, to switch the selection to another stimuli, etc.
[0126] Thus, while particular embodiments and applica-
tions have been illustrated and described, it is to be under-
stood that the disclosed embodiments are not limited to the
precise construction and components disclosed herein. Vari-
ous modifications, changes and variations, which will be
apparent to those skilled in the art, may be made in the
arrangement, operation and details of the method and appa-
ratus disclosed herein without departing from the spirit and
scope defined in the appended claims.

[0127] The following additional considerations apply to
the foregoing discussion. Throughout this specification, plu-
ral instances may implement components, operations, or
structures described as a single instance. Although indi-
vidual operations of one or more methods are illustrated and
described as separate operations, one or more of the indi-
vidual operations may be performed concurrently, and noth-
ing requires that the operations be performed in the order
illustrated. Structures and functionality presented as separate
components in example configurations may be implemented
as a combined structure or component. Similarly, structures
and functionality presented as a single component may be
implemented as separate components. These and other
variations, modifications, additions, and improvements fall
within the scope of the subject matter of the present disclo-
sure.

[0128] Additionally, certain embodiments are described
herein as including logic or a number of components or
modules. Modules may constitute either software modules
(e.g., code stored on a machine-readable medium) or hard-
ware modules. A hardware module is tangible unit capable
of performing certain operations and may be configured or
arranged in a certain manner. In example embodiments, one
or more computer systems (e.g., a standalone, client or
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server computer system) or one or more hardware modules
of a computer system (e.g., a processor or a group of
processors) may be configured by software (e.g., an appli-
cation or application portion) as a hardware module that
operates to perform certain operations as described herein.
[0129] In some cases, a hardware module may include
dedicated circuitry or logic that is permanently configured
(e.g., as a special-purpose processor, such as a field pro-
grammable gate array (FPGA) or an application-specific
integrated circuit (ASIC)) to perform certain operations. A
hardware module may also include programmable logic or
circuitry (e.g., as encompassed within a general-purpose
processor or other programmable processor) that is tempo-
rarily configured by software to perform certain operations.
It will be appreciated that the decision to implement a
hardware module in dedicated and permanently configured
circuitry or in temporarily configured circuitry (e.g., con-
figured by software) may be driven by cost and time
considerations.

[0130] Accordingly, the term hardware should be under-
stood to encompass a tangible entity, be that an entity that is
physically constructed, permanently configured (e.g., hard-
wired), or temporarily configured (e.g., programmed) to
operate in a certain manner or to perform certain operations
described herein. Considering embodiments in which hard-
ware modules are temporarily configured (e.g., pro-
grammed), each of the hardware modules need not be
configured or instantiated at any one instance in time. For
example, where the hardware modules comprise a general-
purpose processor configured using software, the general-
purpose processor may be configured as respective different
hardware modules at different times. Software may accord-
ingly configure a processor, for example, to constitute a
particular hardware module at one instance of time and to
constitute a different hardware module at a different instance
of time.

[0131] Hardware and software modules can provide infor-
mation to, and receive information from, other hardware
and/or software modules. Accordingly, the described hard-
ware modules may be regarded as being communicatively
coupled. Where multiple of such hardware or software
modules exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate
circuits and buses) that connect the hardware or software
modules. In embodiments in which multiple hardware mod-
ules or software are configured or instantiated at different
times, communications between such hardware or software
modules may be achieved, for example, through the storage
and retrieval of information in memory structures to which
the multiple hardware or software modules have access. For
example, one hardware or software module may perform an
operation and store the output of that operation in a memory
device to which it is communicatively coupled. A further
hardware or software module may then, at a later time,
access the memory device to retrieve and process the stored
output. Hardware and software modules may also initiate
communications with input or output devices, and can
operate on a resource (e.g., a collection of information).
[0132] The various operations of example methods
described herein may be performed, at least partially, by one
or more processors that are temporarily configured (e.g., by
software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
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modules that operate to perform one or more operations or
functions. The modules referred to herein may, in some
example embodiments, comprise processor-implemented
modules.

[0133] Similarly, the methods or routines described herein
may be at least partially processor-implemented. For
example, at least some of the operations of a method may be
performed by one or processors or processor-iniplemented
hardware modules. The performance of certain of the opera-
tions may be distributed among the one or more processors,
not only residing within a single machine, but deployed
across a number of machines. In some example embodi-
ments, the processor or processors may be located in a single
location (e.g., within a home environment, an office envi-
ronment or as a server farm), while in other embodiments
the processors may be distributed across a number of
locations.

[0134] The one or more processors may also operate to
support performance of the relevant operations in a “cloud
computing” environment or as a SaaS. For example, at least
some of the operations may be performed by a group of
computers (as examples of machines including processors),
these operations being accessible via a network (e.g., the
Internet) and via one or more appropriate interfaces (e.g.,
application program interfaces (APIs).)

[0135] The performance of certain of the operations may
be distributed among the one or more processors, not only
residing within a single machine, but deployed across a
number of machines. In some example embodiments, the
one or more processors or processor-implemented modules
may be located in a single geographic location (e.g., within
a home environment, an office environment, or a server
farm). In other example embodiments, the one or more
processors or processor-implemented modules may be dis-
tributed across a number of geographic locations.

[0136] Some portions of this specification are presented in
terms of algorithms or symbolic representations of opera-
tions on data stored as bits or binary digital signals within a
machine memory (e.g., a computer memory). These algo-
rithms or symbolic representations are examples of tech-
niques used by those of ordinary skill in the data processing
arts to convey the substance of their work to others skilled
in the art. As used herein, an “algorithm” or a “routine” is a
self-consistent sequence of operations or similar processing
leading to a desired result. In this context, algorithms,
routines and operations involve physical manipulation of
physical quantities. Typically, but not necessarily, such
quantities may take the form of electrical, magnetic, or
optical signals capable of being stored, accessed, trans-
ferred, combined, compared, or otherwise manipulated by a
machine. It is convenient at times, principally for reasons of
common usage, to refer to such signals using words such as
“data,” “content,” “bits,” “values,” “elements,” “symbols,”
“characters,” “terms,” “numbers,” “numerals,” or the like.
These words, however, are merely convenient labels and are
to be associated with appropriate physical quantities.

[0137] Unless specifically stated otherwise, discussions
herein using words such as “processing,” “computing,”
“calculating,” “determining,” “presenting,” “displaying,” or
the like may refer to actions or processes of a machine (e.g.,
a computer) that manipulates or transforms data represented
as physical (e.g., electronic, magnetic, or optical) quantities
within one or more memories (e.g., volatile memory, non-
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volatile memory, or a combination thereof), registers, or
other machine components that receive, store, transmit, or
display information.

[0138] As used herein any reference to “one embodiment”
or “an embodiment” means that a particular element, fea-
ture, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment.

[0139] Some embodiments may be described using the
expression “coupled” and “connected” along with their
derivatives. For example, some embodiments may be
described using the term “coupled” to indicate that two or
more elements are in direct physical or electrical contact.
The term “coupled,” however, may also mean that two or
more elements are not in direct contact with each other, but
et still co-operate or interact with each other. The embodi-
ments are not limited in this context.

[0140] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or appa-
ratus that comprises a list of elements is not necessarily
limited to only those elements but may include other ele-
ments not expressly listed or inherent to such process,
method, article, or apparatus. Further, unless expressly
stated to the contrary, “or” refers to an inclusive or and not
to an exclusive or. For example, condition A or B is satisfied
by any one of the following: A is true (or present) and B is
false (or not present), A is false (or not present) and B is true
(or present), and both A and B are true (or present).

[0141] In addition, use of the “a” or “an” are employed to
describe elements and components of the embodiments
herein. This is done merely for convenience and to give a
general sense of the description. This description should be
read to include one or at least one and the singular also
includes the plural unless it is obvious that it is meant
otherwise.

[0142] This detailed description is to be construed as an
example only and does not describe every possible embodi-
ment, as describing every possible embodiment would be
impractical, if not impossible. One could implement numet-
ous alternate embodiments, using either current technology
or technology developed after the filing date of this appli-
cation.

[0143] The particular features, structures, or characteris-
tics of any specific embodiment may be combined in any
suitable manner and in any suitable combination with one or
more other embodiments, including the use of selected
features without corresponding use of other features. In
addition, many modifications may be made to adapt a
particular application, situation or material to the essential
scope and spirit of the present invention. It is to be under-
stood that other variations and modifications of the embodi-
ments of the present invention described and illustrated
herein are possible in light of the teachings herein and are to
be considered part of the spirit and scope of the present
invention. By way of example, and not limitation, the
present disclosure contemplates at least the following
aspects:
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[0144] 1. A computer-implemented method for determin-
ing answers to a cognitive assessment test, comprising:
[0145] displaying, by one or more processors, images
corresponding to multiple-choice answers for the cognitive
assessment test;

[0146] receiving, by one or more processors, electroen-
cephalograph (EEG) signals based upon a user’s brain
activity during administration of the cognitive assessment
test;

[0147] determining, by one or more processors, whether
the user intends to decide upon an answer from the multiple-
choice answers based upon the EEG signals;

[0148] determining, by one or more processors, the user’s
answer from the multiple-choice answers based upon the
EEG signals after it is determined that the user intends to
decide upon the answer; and

[0149] verifying, by one or more processors, the user’s
answer based upon the EEG signals received after the user’s
answer has been determined.

[0150] 2. The computer-implemented method of claim 1,
wherein the acts of receiving the EEG signals, determining
whether the user intends to decide upon an answer, deter-
mining the user’s answer, and verifying the user’s answer
are performed without motor or oral feedback provided by
the user.

[0151] 3. The computer-implemented method of either
claim 1 or claim 2, wherein the act of determining the user’s
answer comprises:

[0152] determining the user’s answer based upon the EEG
signals received in response to the user paying attention to
an image from among the images corresponding to multiple-
choice answers, and wherein the act of verifying the user’s
answer comprises:

[0153] verifying the user’s answer based upon the EEG
signals received in response to the user continuing to pay
attention to the image after the user’s answer has been
determined.

[0154] 4. The computer-implemented method of any one
of claims 1-3, wherein the act of determining whether the
user intends to decide upon an answer comprises:

[0155] determining that the user intends to decide upon an
answer when a timer is displayed indicating a time period for
the user to decide upon an answer.

[0156] 5. The computer-implemented method of any one
of claims 1-4, further comprising:

[0157] once the user’s answer has been determined, modi-
fying the images corresponding to the multiple-choice
answers by maintaining the image of the determined answer
while de-emphasizing images corresponding to the remain-
ing answets; and

[0158] generating a cancellation image indicative of an
option to allow the user to cancel the determined answer
when the user pays attention to the cancellation image, and
wherein the act of verifying the user’s answer comprises:
[0159] verifying the user's answer by determining
whether the user is paying attention to the image of the
selected answer or the cancellation image based on the
received EEG signals.

[0160] 6. The computer-implemented method of any one
of claims 1-5, wherein the cognitive assessment test is a
standardized test having a plurality of test questions, the
answers to which provide a test answer profile, and further
comprising:
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[0161] repeating the acts of displaying images, receiving
EEG signals, determining whether the user intends to decide
upon an answetr, determining the user’s answer, and verify-
ing the user’s answer for each of the plurality of test
questions to provide a user answer profile; and

[0162] formatting the user answer profile in accordance
with the test answer profile to facilitate grading of the
standardized test.

[0163] 7. A non-transitory, tangible computer-readable
medium storing machine-readable instructions for determin-
ing answers to a cognitive assessment test that, when
executed by a processor, cause the processor 10:

[0164] display images corresponding to multiple-choice
answers for the cognitive assessment test;

[0165] receive -electroencephalograph (EEG) signals
based upon a user’s brain activity during administration of
the cognitive assessment test;

[0166] determine whether the user intends to decide upon
an answer from the multiple-choice answers based upon the
EEG signals;

[0167] determine the user’s answer from the multiple-
choice answers based upon the EEG signals after it is
determined that the user intends to decide upon the answer;
and

[0168] verify the user’s answer based upon the EEG
signals received after the user’s answer has been determined.
[0169] 8. The non-transitory, tangible computer-readable
medium of claim 7, wherein the instructions to of receive the
EEG signals, to determine whether the user intends to decide
upon an answer, to determine the user’s answer. and to
verify the user’s answer are executed by the processor
without motor or oral feedback provided by the user.
[0170] 9. The non-transitory, tangible computer-readable
medium of either claim 7 or claim 8, wherein the instruc-
tions to determine the user’s answer further include instruc-
tions that, when executed by the processor, cause the pro-
cessor to:

[0171] determine the user’s answer based upon the EEG
signals received in response to the user paying attention to
an image from among the images corresponding to multiple-
choice answers, and wherein the instructions to verify the
user’s answer include instructions to:

[0172] wverify the user’s answer based upon the EEG
signals received in response to the user continuing to pay
attention to the image after the user’s answer has been
determined.

[0173] 10. The non-transitory, tangible computer-readable
medium of any one of claims 7-9, wherein the instructions
to determine whether the user intends to decide upon an
answer further include instructions that, when executed by
the processor, cause the processor to:

[0174] determine that the user intends to decide upon an
answer when a timer is displayed indicating a time period for
the user to decide upon an answer.

[0175] 11. The non-transitory, tangible computer-readable
medium of any one of claims 7-10, further including instruc-
tions that, when executed by the processor, cause the pro-
cessor to:

[0176] once the user’s answer has been determined, to
modify the images corresponding to the multiple-choice
answers by maintaining the image of the determined answer
while de-emphasizing images corresponding to the remain-
ing answers; and
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[0177] generate a cancellation image indicative of an
option to allow the user to cancel the determined answer
when the user pays attention to the cancellation image, and
wherein the instructions to verify the user’s answer include
instructions to:

[0178] wverify the user’s answer by determining whether
the user is paying attention to the image of the selected
answer or the cancellation image based on the received EEG
signals.

[0179] 12. The non-transitory, tangible computer-readable
medium of any one of claims 7-11, wherein the cognitive
assessment test is a standardized test having a plurality of
test questions, the answers to which providing a test answer
profile, further including instructions that, when executed by
the processor, cause the processor to:

[0180] repeat the execution of instructions to display
images, receive EEG signals, determine whether the user
intends to decide upon an answer, determine the user’s
answer, and verify the user’s answer for each of the plurality
of test questions to provide a user answer profile; and
[0181] format the user answer profile in accordance with
the test answer profile to facilitate grading of the standard-
ized test.

[0182] 13. A method implemented in a brain-computer
interface (BCI) computer, comprising:

[0183] calculating, by one or more processors, a first and
a second range of classifier values based upon a user’s
electroencephalograph (EEG) signals while the user is
exposed to a target and to a cancellation stimuli, respec-
tively;

[0184] calculating, by one or more processors, a first and
a second training classifier threshold to separate the first and
the second range of classifier values from one another;

[0185] classifying, by one or more processors, received
EEG signals while the user is subsequently exposed to the
target or the cancellation stimuli as being within the first or
the second range of classifier values based upon the first and
a second training classifier thresholds;

[0186] determining, by one or more processors, whether
the user has been exposed to the target stimuli or to the
cancellation stimuli based upon the classifying of the sub-
sequently received EEG signals into one of the first or the
second range of classifier values;

[0187] calculating, by one or more processors, a hold-
release classifier value based upon EEG signals received
after determining whether the user has been subsequently
exposed to the target stimuli or to the cancellation stimuli;
and

[0188] identifying, by one or more processors, whether the
user has decided to hold an action associated with the target
stimuli or to release the action by switching to the cancel-
lation stimuli based on a comparison between the hold-
release classifier value and the first and second training
classifier thresholds.

[0189]

[0190] executing, by one or more processors, one or more
actions when it is determined that the user has decided to
hold the action associated with the target stimuli; and
[0191] stopping, by one or more processors, the execution
of one or more actions when it is determined that the user has
decided to release the action by switching to the cancellation
stimuli.

14. The method of claim 13, further comprising:
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[0192] 15. The method of any one of claims 13-14,
wherein the act of identifying whether the user decides to
hold the action comprises:

[0193] identifying the user’s decision to hold the action
associated with the target stimuli when the hold-release
classifier value is greater than the first training classifier
threshold.

[0194] 16. The method of any one of claims 13-15,
wherein the act of identifying whether the user decides to
release the action comprises:

[0195] identifying a user’s decision to release the action
associated with the target stimuli when the hold-release
classifier value is less than the second training classifier
threshold.

[0196] 17. The method of any one of claims 13-16, further
comptrising:
[0197] generating an additional hold-release classifier

value based upon EEG signals received after the determi-
nation that the user has decided to hold the action associated
with the target stimuli; and

[0198] determining that the user has decided to hold the
action associated with the target stimuli when:

[0199] the hold-release classifier value is greater than the
additional hold-release classifier value;

[0200] the hold-release classifier value and the additional
hold-release classifier value are both positive; and

[0201] the hold-release classifier value and the additional
hold-release classifier value are both less than the first
training classifier threshold.

[0202] 18. A non-transitory, tangible computer-readable
medium storing machine-readable instructions for determin-
ing answers to a cognitive assessment test that, when
executed by a processor, cause the processor to:

[0203] calculate a first and a second range of classifier
values based upon a user’s electroencephalograph (EEG)
signals while the user is exposed to target and cancellation
stimuli, respectively;

[0204] calculate a first and a second training classifier
threshold to separate the first and the second range of
classifier values from one another;

[0205] classify received EEG signals while the user is
subsequently exposed to the target or the cancellation
stimuli as being within the first or the second range of
classifier values based upon the first and a second training
classifier thresholds;

[0206] determine whether the user has been exposed to the
target stimuli or to the cancellation stimuli based upon the
classifying of the subsequently received EEG signals into
one of the first or the second range of classifier values;
[0207] calculate a hold-release classifier value based upon
EEG signals received after determining whether the user has
been subsequently exposed to the target stimuli or to the
cancellation stimuli; and

[0208] identify whether the user has decided to hold an
action associated with the target stimuli or to release the
action by switching to the cancellation stimuli based on a
comparison between the hold-release classifier value and the
first and second training classifier thresholds.

[0209] 19. The non-transitory, tangible computer-readable
medium of claim 18, further including instructions that,
when executed by the processor, cause the processor to:
[0210] execute one or more actions when it is determined
that the user has decided to hold the action associated with
the target stimuli; and
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[0211] stop the execution of one or more actions when it
is determined that the user has decided to release the action
by switching to the cancellation stimuli.

[0212] 20. The non-transitory, tangible computer-readable
medium of any of claims 18-19, wherein the instructions to
identify whether the user decides to hold the selected action
further include instructions that, when executed by the
processar, cause the processor to:

[0213] identify the user’s decision to hold the action
associated with the target stimuli when the hold-release
classifier value is greater than the first training classifier
threshold.

[0214] 21. The non-transitory, tangible computer-readable
medium of any of claims 18-20, wherein the instructions to
identify whether the user decides to release the selected
action further include instructions that, when executed by
the processor, cause the processor to:

[0215] identify a user’s decision to release the action
associated with the target stimuli when the hold-release
classifier value is less than the second training classifier
threshold.

[0216] 22. The non-transitory, tangible computer-readable
medium of any of claims 18-21, further including instruc-
tions that, when executed by the processor, cause the pro-
cessor to:

[0217] generate an additional hold-release classifier value
based upon EEG signals received after the determination
that the user has decided to hold the action associated with
the target stimuli; and

[0218] determine that the user has decided to hold the
action associated with the target stimuli when:

[0219] the hold-release classifier value is greater than the
additional hold-release classifier value;

[0220] the hold-release classifier value and the additional
hold-release classifier value are both positive; and

[0221] the hold-release classifier value and the additional
hold-release classifier value are both less than the first
training classifier threshold.

What is claimed is:

1. A computer-implemented method for determining
answers to a cognitive assessment test, comprising:

displaying, by one or more processors, images corre-

sponding to multiple-choice answers for the cognitive
assessment test;
receiving, by one or more processors, electroencephalo-
graph (EEQ) signals based upon a user’s brain activity
during administration of the cognitive assessment test;

determining, by one or more processors, whether the user
intends to decide upon an answer from the multiple-
choice answers based upon the EEG signals;

determining, by one or more processors, the user’s answer
from the multiple-choice answers based upon the EEG
signals after it is determined that the user intends to
decide upon the answer; and

verifying, by one or more processors, the user’s answer

based upon the EEG signals received after the user’s
answer has been determined.

2. The computer-implemented method of claim 1,
wherein the acts of receiving the EEG signals, determining
whether the user intends to decide upon an answer, deter-
mining the user’s answer, and verifying the user’s answer
are performed without motor or oral feedback provided by
the user.
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3. The computer-implemented method of claim 1,

wherein the act of determining the user’s answer comprises:

determining the user’s answer based upon the EEG sig-

nals received in response to the user paying attention to

an image from among the images corresponding to
multiple-choice answers, and

wherein the act of verifying the user’s answer comprises:

verifying the user’s answer based upon the EEG signals

received in response to the user continuing to pay
attention to the image after the user’s answer has been
determined.

4. The computer-implemented method of claim 1,
wherein the act of determining whether the user intends to
decide upon an answer comprises:

determining that the user intends to decide upon an

answer when a timer is displayed indicating a time
period for the user to decide upon an answer.

5. The computer-implemented method of claim 1, further
comprising:

once the user’s answer has been determined, modifying

the images corresponding to the multiple-choice
answers by maintaining the image of the determined
answer while de-emphasizing images corresponding to
the remaining answers; and

generating a cancellation image indicative of an option to

allow the user to cancel the determined answer when
the user pays attention to the cancellation image, and
wherein the act of verifying the user’s answer comprises:
verifying the user’s answer by determining whether the
user 1s paying attention to the image of the selected
answer or the cancellation image based on the received
EEG signals.
6. The computer-implemented method of claim 1,
wherein the cognitive assessment test is a standardized test
having a plurality of test questions, the answers to which
provide a test answer profile, and further comprising:
repeating the acts of displaying images, receiving EEG
signals, determining whether the user intends to decide
upon an answer, determining the user’s answer, and
verifying the user’s answer for each of the plurality of
test questions to provide a user answer profile; and

formatting the user answer profile in accordance with the
test answer profile to facilitate grading of the standard-
ized test.

7. A non-transitory, tangible computer-readable medium
storing machine-readable instructions for determining
answers to a coguitive assessment test that, when executed
by a processor, cause the processor to:

display images corresponding to multiple-choice answers

for the cognitive assessment test;

receive electroencephalograph (EEG) signals based upon

a user’s brain activity during administration of the
cognitive assessment test;

determine whether the user intends to decide upon an

answer from the multiple-choice answers based upon
the EEG signals;

determine the user’s answer from the multiple-choice

answers based upon the EEG signals after it is deter-
mined that the user intends to decide upon the answer;
and

verify the user’s answer based upon the EEG signals

received after the user’s answer has been determined.

8. The non-transitory, tangible computer-readable
medium of ¢laim 7, wherein the instructions to of receive the
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BEG signals, to determine whether the user intends to decide
upon an answer, to determine the user’s answer, and to
verify the user’s answer are executed by the processor
without motor or oral feedback provided by the user.

9. The non-transitory, tangible computer-readable
medium of claim 7, wherein the instructions to determine the
user’s answer further include instructions that, when
executed by the processor, cause the processor to:

determine the user’s answer based upon the EEG signals

received in response to the user paying attention to an
image from among the images corresponding to mul-
tiple-choice answers, and

wherein the instructions to verify the user’s answer

include instructions to:

verify the user’s answer based upon the EEG signals

received in response to the user continuing to pay
attention to the image after the user’s answer has been
determined.

10. The non-transitory, tangible computer-readable
medium of claim 7, wherein the instructions to determine
whether the user intends to decide upon an answer further
include instructions that, when executed by the processor,
cause the processor to:

determine that the user intends to decide upon an answer

when a timer is displayed indicating a time period for
the user to decide upon an answer.

11. The non-transitory, tangible computer-readable
medium of claim 7, further including instructions that, when
executed by the processor, cause the processor to:

once the user’s answer has been determined, to modify the

images corresponding to the multiple-choice answers
by maintaining the image of the determined answer
while de-emphasizing images corresponding to the
remaining answers; and

generate a cancellation image indicative of an option to

allow the user to cancel the determined answer when
the user pays attention to the cancellation image, and
wherein the instructions to verify the user’s answer
include instructions to:
verify the user’s answer by determining whether the
user is paying attention to the image of the selected
answer or the cancellation image based on the
received EEG signals.

12. The non-transitory, tangible computer-readable
medium of claim 7, wherein the cognitive assessment test is
a standardized test having a plurality of test questions, the
answers to which providing a test answer profile, further
including instructions that, when executed by the processor,
cause the processor to:

repeat the execution of instructions to display images,
receive EEG signals, determine whether the user
intends to decide upon an answer, determine the user’s
answer, and verify the user’s answer for each of the
plurality of test questions to provide a user answer
profile; and

format the user answer profile in accordance with the test
answer profile to facilitate grading of the standardized
test.

13. A method implemented in a brain-computer interface

(BCI) computer, comprising:

calculating, by one or more processors, a first and a

second range of classifier values based upon a user’s
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electroencephalograph (EEG) signals while the user is
exposed to a target and to a cancellation stimuli,
respectively;
calculating, by one or more processors, a first and a
second training classifier threshold to separate the first
and the second range of classifier values from another;
classifying, by one or more processors, received EEG
signals while the user is subsequently exposed to the
target or the cancellation stimuli as being within the
first or the second range of classifier values based upon
the first and a second training classifier thresholds;
determining, by one or more processors, whether the user
has been exposed to the target stimuli or to the can-
cellation stimuli based upon the classifying of the
subsequently received EEG signals into one of the first
or the second range of classifier values;
calculating, by one or more processors, a hold-release
classifier value based upon EEG signals received after
determining whether the user has been subsequently
exposed to the target stimuli or to the cancellation
stimuli; and
identifying, by one or more processors, whether the user
has decided to hold an action associated with the target
stimuli or to release the action by switching to the
cancellation stimuli based on a comparison between the
hold-release classifier value and the first and second
training classifier thresholds.
14. The method of claim 13, further comprising;
executing, by one or more processors, one or more actions
when it is determined that the user has decided to hold
the action associated with the target stimuli; and
stopping, by one or more processors, the execution of one
or more actions when it is determined that the user has
decided to release the action by switching to the
cancellation stimuli.
15. The method of claim 13, wherein the act of identifying
whether the user decides to hold the action comprises:
identifying the user’s decision to hold the action associ-
ated with the target stimuli when the hold-release
classifier value is greater than the first training classifier
threshold.
16. The method of claim 13, wherein the act of identifying
whether the user decides to release the action comprises:
identifying a user’s decision to release the action associ-
ated with the target stimuli when the hold-release
classifier value is less than the second training classifier
threshold.
17. The method of claim 13, further comprising;
generating an additional hold-release classifier value
based upon EEG signals received after the determina-
tion that the user has decided to hold the action asso-
ciated with the target stimuli; and
determining that the user has decided to hold the action
associated with the target stimuli when:
the hold-release classifier value is greater than the addi-
tional hold-release classifier value;
the hold-release classifier value and the additional hold-
release classifier value are both positive; and
the hold-release classifier value and the additional hold-
release classifier value are both less than the first
training classifier threshold.
18. A non-transitory, tangible computer-readable medium
storing machine-readable instructions for determining
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answers to a cognitive assessment test that, when executed
by a processor, cause the processor to:

calculate a first and a second range of classifier values

based upon a user’s electroencephalograph (EEG) sig-
nals while the user is exposed to target and cancellation
stimuli, respectively;

calculate a first and a second training classifier threshold

to separate the first and the second range of classifier
values from another;

classify received EEG signals while the user is subse-

quently exposed to the target or the cancellation stimuli
as being within the first or the second range of classifier
values based upon the first and a second training
classifier thresholds;

determine whether the user has been exposed to the target

stimuli or to the cancellation stimuli based upon the
classifying of the subsequently received EEG signals
into one of the first or the second range of classifier
values;

calculate a hold-release classifier value based upon EEG

signals received after determining whether the user has
been subsequently exposed to the target stimuli or to
the cancellation stimuli; and

identify whether the user has decided to hold an action

associated with the target stimuli or to release the action
by switching to the cancellation stimuli based on a
comparison between the hold-release classifier value
and the first and second training classifier thresholds.

19. The non-transitory, tangible computer-readable
medium of claim 18, further including instructions that,
when executed by the processor, cause the processor to:

execute one or more actions when it is determined that the

user has decided to hold the action associated with the
target stimuli; and

stop the execution of one or more actions when it is

determined that the uvser has decided to release the
action by switching to the cancellation stimuli.

20. The non-transitory, tangible computer-readable
medium of claim 18,

wherein the instructions to identify whether the user

decides to hold the selected action further include
instructions that, when executed by the processor,
cause the processor to:

identify the user’s decision to hold the action associated

with the target stimuli when the hold-release classifier
value is greater than the first training classifier thresh-
old.

21. The non-transitory, tangible computer-readable
medium of claim 18, wherein the instructions to identify
whether the user decides to release the selected action
further include instructions that, when executed by the
processor, cause the processor to:

identify a user’s decision to release the action associated

with the target stimuli when the hold-release classifier
value is less than the second training classifier thresh-
old.

22. The non-transitory, tangible computer-readable
medium of claim 18, further including instructions that,
when executed by the processor, cause the processor to:

generate an additional hold-release classifier value based

upon EEG signals received after the determination that
the user has decided to hold the action associated with
the target stimuli; and
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determine that the user has decided to hold the action
associated with the target stimuli when:

the hold-release classifier value is greater than the addi-
tional hold-release classifier value;

the hold-release classifier value and the additional hold-
release classifier value are both positive; and

the hold-release classifier value and the additional hold-
release classifier value are both less than the first
training classifier threshold.
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