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(7) ABSTRACT

A method, system and computer readable medium for detect-
ing creativity in real-time are disclosed. The method includes
sensing electrical activity along a scalp of a subject during a
learning phase, the learning phase including presenting to the
subject one or more tasks configured to generate electrical
activity corresponding to cortical events that are likely to
correspond to a creative type experience and cortical events
that are likely to correspond to a non-creative type experi-
ence. Features from the electrical activity obtained during the
learning phase are extracted to create a brainwave profile for
the subject. Real-time electrical activity along the scalp of the
subject is sensed during a performance of one or more real-
time tasks, and the electrical activity of the subject is com-
pared to previously recorded electrical activity using the
brainwave profile for the subject to classify the electrical
activity obtained during the performance of the one or more
real-time.
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METHOD AND SYSTEM FOR REAL-TIME
INSIGHT DETECTION USING EEG SIGNALS

FIELD OF THE INVENTION

[0001] The present disclosure relates to a method and sys-
tem for real-time insight detection using EEG signals, and
wherein the method and systems can be applied to monitor
real-time human insight events.

BACKGROUND

[0002] There is a growing interest in using neural signals
measured from the Human working brain to interact with
machines and understand the brain state of people. For
example, knowing the brain state of a person during working
hours can provide information on work performance at any
given time, and enable the leveraging of specific periods at
which the worker is likely to be particularly productive or
insightful.

[0003] In addition, knowledge workers can be required to
solve creative problems and similar tasks. To understand cre-
ative processes leading to insight, “Eureka”, or “Aha”
moments, some psychology research groups perform
ensemble analysis of neural signals collected after an experi-
ment and attempt to characterize the neural signatures of
creativity. Such approaches to characterize creativity, “Aha”
and similar moments are not performed in real time. How-
ever, it will be useful to have a system that can detect creativ-
ity events in real time, since such a system can help determine
directions for improved creativity and leveraging creative
moments when they occur.

SUMMARY

[0004] In consideration of the above issues, it would be
desirable to have a method and system, which can enable the
detection of insight events in real-time occurring for a worker
wearing a consumer level EEG recording device is disclosed.
For example, research has demonstrated that some EEG fre-
quencies of particular channels can differentiate between
“Insight” or “creativity”, and “analysis” or “non-creative"”
brain states leading to problem solutions. In accordance with
an exemplary embodiment, the method and system can use
these scientific results for detecting, in real time, cortical
events that are likely to correspond to insight type solutions to
problems, for example, solutions with high value.

[0005] In accordance with an exemplary embodiment, a
system and method for the detection of creativity events
occurring in the brain, from brain signals, and in real time is
disclosed. For example, in accordance with an exemplary
embodiment, the system disclosed uses a machine learning
approach that learns time-frequency signatures of creativity
based on features such as Fourier components or wavelets. In
accordance with an exemplary embodiment, the system can
be trained to classify, in real time, the feature vector extracted
from recorded neural signals into “insight” or “non-insight”
types of events. The system can also be trained to detect, for
example, when a person is in a mental state likely to lead to
insight.

[0006] In accordance with an exemplary embodiment, a
method for detecting creativity in real-time is disclosed, the
method comprising: sensing electrical activity along a scalp
of a subject during a learning phase, the learning phase
including presenting to the subject one or more tasks config-
ured to generate electrical activity corresponding to cortical

Aug. 6, 2015

events that are likely to correspond to a creative type experi-
ence and cortical events that are likely to correspond to a
non-creative type experience; classifying the electrical activ-
ity obtained during the learning phase to create a brainwave
profile for the subject; sensing in real-time electrical activity
along the scalp of the subject during a performance of one or
more real-time tasks; comparing the electrical activity of the
subject to previously recorded electrical activity using the
brainwave profile for the subject; and classifying the electri-
cal activity obtained during the performance of the one or
more real-time tasks into the cortical events that are likely to
correspond to the creative type experience and the cortical
events that are likely to correspond to the non-creative type
experience.

[0007] In accordance with an exemplary embodiment, a
system for detecting creativity in real-time is disclosed, the
system comprising: a sensing device for sensing electrical
activity over one or more frequency bands along a scalp of a
subject, the sensing device configured to: sense electrical
activity along a scalp of a subject during a learning phase, the
learning phase including presenting to the subject one or
more tasks configured to generate electrical activity corre-
sponding to cortical events that are likely to correspond to a
creative type experience and cortical events that are likely to
correspond to a non-creative type experience; and sense in
real-time electrical activity along the scalp of the subject
during a performance of one or more real-time tasks; and a
computer device having executable instructions for: classify-
ing the electrical activity obtained during the learning phase
to create a brainwave profile for the subject; comparing the
electrical activity of the subject to previously recorded elec-
trical activity using the brainwave profile for the subject; and
classifying the electrical activity obtained during the perfor-
mance of the one or more real-time tasks into the cortical
events that are likely to correspond to the creative type expe-
rience and the cortical events that are likely to correspond to
the non-creative type experience.

[0008] In accordance with an exemplary embodiment, a
non-transitory computer readable medium containing a com-
puter program having computer readable code embodied for
detecting creativity in real-time is disclosed, comprising:
sensing electrical activity along a scalp of a subject during a
learning phase, the learning phase including presenting to the
subject one or more tasks configured to generate electrical
activity corresponding to cortical events that are likely to
correspond to a creative type experience and cortical events
that are likely to correspond to a non-creative type experi-
ence; classifying the electrical activity obtained during the
learning phase to create a brainwave profile for the subject;
sensing in real-time electrical activity along the scalp of the
subject during a performance of one or more real-time tasks;
comparing the electrical activity of the subject to previously
recorded electrical activity using the brainwave profile for the
subject; and classifying the electrical activity obtained during
the performance of the one or more real-time tasks into the
cortical events that are likely to correspond to the creative
type experience and the cortical events that are likely to
correspond to the non-creative type experience.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
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together with the description, serve to explain the principles
of the invention. In the drawings,

[0010] FIG. 1 is a schematic illustration of a user with an
EEG recording headset and a computer in accordance with an
exemplary embodiment;

[0011] FIG. 2 is a flow chart showing a learning part of a
method and system for insight detection in accordance with
an exemplary embodiment;

[0012] FIG. 3 is a flow chart showing a classification of
signals of a method and system for insight detection in accor-
dance with an exemplary embodiment;

[0013] FIG. 4 shows a ROC (Receiver Operation Charac-
teristics) curve for a specific channel (for example, P7) and a
specific user;

[0014] FIG. 5 shows an application of threshold classifiers
for time intervals during a work period,

[0015] FIG. 6 shows a full workflow, wherein the full work-
flow combines the learning phase described in FIG. 2, and the
detection phase, described in FIG. 3, and wherein the detec-
tion phase is repeated until it is deemed necessary to go
through a new learning phase; and

[0016] FIG. 7 shows a flow chart of a machine learning
system in accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0017] Reference will now be made in detail to the embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers are used in the drawings and the descrip-
tion to refer to the same or like parts.

[0018] This disclosure relates to an electroencephalograph
(EFEG) based system and method for insight detection, which
includes a method and apparatus for determining appropriate
EEG channels to record from and extracting basic statistics
for learning classification models. In accordance with an
exemplary embodiment, the method and system as disclosed
can be applied during a “learning stage”, and application of
the insight event detector during a work or work environment.
Once a determination of the insightful or creative mental
status can be achieved as disclosed herein, the mental status of
the subject during certain time or event can be leveraged to
increase production or performance, for example, in a work
environment. For example, in accordance with an exemplary
embodiment, a cost analysis of activities or production
obtained from of the subject during a creative state can be
performed versus activities or production obtained from the
subject during non-creative mental states of the subject.
[0019] As used herein biological activity relates to the
study oflife and living organisms, which can include biologi-
cal activities such as perspiration or sweat, heart rate, nervous
signals, brain waves, and/or combinations thereof. The bio-
logical activities can be measured with any suitable sensing
devices, which can detect changes in biological activity of a
subject. For example, brainwaves can be measured and/or
detected using an EEG, wherein the EEG includes one or
more electrodes, which detect voltage fluctuations resulting
from the combined electrical signaling activity of neurons
within the brain.

[0020] In accordance with an exemplary embodiment as
disclosed herein, for example, “insight” can occur when a
person suddenly reinterprets a stimulus, situation, or event to
produce a nonobvious, non-dominant interpretation. For
example, this can take the form of a solution to a problem (an
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“aha moment™), comprehension of a joke or metaphor, or
recognition of an ambiguous percept.

[0021] FIG. 1 illustrates a system 100, which uses EEG
data 110 collected from a subject and/or user 120 for detec-
tion of insight of an individual’s mental state, and wherein
based on the mental insight, analysis of creativity can be
performed in real-time in accordance with an exemplary
embodiment. As shown in FIG. 1, the system 100 can include
a brain wave recording device (or headset) 130, which can be
an EEG recording device or headset, which generates EEG
data 110. In accordance with an exemplary embodiment, the
headset 130 preferably is a user-friendly device, which is
commercially available.

[0022] In accordance with an exemplary embodiment, an
estimation of the mental state of the subject 120 is generated
from the EEG data 110. In accordance with an exemplary
embodiment, the EEG recording device 130 can be any suit-
able FEG recording devices, from a relatively inexpensive
commercial device with only one electrode to more advanced
medical-grade devices with dozens of electrodes. For
example, in accordance with an exemplary embodiment, the
brainwave sensing device 130 can be an EEG recording
device having a plurality of sensors, which can obtain a plu-
rality of signals, which can be analyzed to information about
anindividual’s mental state. In accordance with an exemplary
embodiment, the brain wave sensing device 130 can be a
single-electrode EEG device, which can achieve relatively
good accuracy at classifying mental states as disclosed
herein. For example, in accordance with an exemplary
embodiment, commercial EEG detection devices, which can
be easier to use, can be effective for the method and system as
disclosed herein.

[0023] In accordance with an exemplary embodiment, the
brainwave sensing device 130 is a device, which records
electrical activity along the scalp. For example, the brainwave
sensing device 130 can be an electroencephalography (EEG),
which measures voltage fluctuations resulting from the com-
bined electrical signaling activity of neurons within the brain.
An EEG employs one or more electrodes on the scalp to
measure this electrical activity, which is often rhythmic or
oscillatory innature. The rhythmic activity can be analyzed in
terms of activity in different frequency bands, which are
extracting using spectral methods. However, in accordance
with an exemplary embodiment, any type of device, which
senses electrical activity along the scalp, can be used.
[0024] For example, an EEG device can use a plurality of
electrodes, which detect the voltage fluctuations. The plural-
ity of electrodes can be in the form of a cap or netting, which
places the plurality of electrodes in one or more desired
location along the scalp. Alternatively, the electrode can be
positioned on the subject individually or by any suitable man-
ner. In addition, touchless sensors or other sensors, which do
not make contact with the scalp of the subject, can be used to
detect the electrical activity.

[0025] The electrical activity from the brainwave sensing
device 130 can be transmitted via a connection or wire to a
computer or processing system 140. The sensing device 130
can alternatively include wireless technology, which trans-
mits the data or electrical activity obtained from the subject to
the data processing system 140 without a hard connection or
wire. The brainwave sensing device 130 senses brainwave
signals of a subject, which can be recorded over one or more
frequency bands. It can be appreciated that there are a variety
of affordable devices with only one electrode to dozens of
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electrodes. Although more sensors can detect more informa-
tion, even one electrode can be used to detect insight.

[0026] In accordance with an exemplary embodiment, the
computer or processing device 140 preferably has a memory,
a processor, an operating system and/or software and/or an
optional graphical user interface (GUT) and/or display. It can
be appreciated that the computer or processing device 140 can
be a standalone computer, or can be contained within one or
more computer devices, wherein each of the one or more
computer devices has a memory, a processor, an operating
system and/or software, and a graphical user interface (GUT)
or display.

[0027] In accordance with an exemplary embodiment, the
computer or processing device 140 can include a computer
monitor & keyboard, for stimuli presentation and user input
during learning phase, and a computer used for stimuli gen-
eration, recording of the data, learning of parameters for
classification, and actual classification. In accordance with an
exemplary embodiment, the computer or processing device
140 preferably includes software components, which can per-
form stimuli generation for learning phase and computation
of signal statistics during learning phase, and/or classification
of signals during classification/working phase.

[0028] For example, for an EEG, the frequency bands
recorded can be between approximately 0.1 hertz (“Hz”) to
approximately 100 hertz (Hz). In accordance with an exem-
plary embodiment, each of the frequency bands can be gen-
erally classified within one or more frequency bands. For
example, frequencies of 4 hertz (Hz) or lower can be assigned
to the delta (A) band, from approximately 5 Hz to 7 Hz to the
theta (8) band, from approximately 8 Hz to 15 Hz to the alpha
() band, from approximately 16 Hz to 24 Hz to the beta (f8)
band, and from approximately 24 Hz to 40 Hz to the gamma
(7) band. However, the frequencies are only exemplary and
different ranges can be used to define a frequency band in
accordance with functional and behavioral properties. For
example, delta waves are usually associated with the deepest
stages of sleep (3 and 4 NREM), also known as slow-wave
sleep (SWS), and aid in characterizing the depth of sleep.
[0029] Inaccordance with an embodiment, the EEG-based
insight detection method can include the placement of one or
more electrodes on the scalp of the subject using an electrode
cap or netting. Alternatively, the electrodes can be individu-
ally placed on the scalp of the subject as desired.

[0030] Inaccordancewithanexample, the signal extraction
for the EEG can be the raw voltage fluctuation (uV) signal
between approximately 0 and 100 Hz within a defined or set
period of time (for example, approximately 10 minutes to 2
hours during the work day), which is collected by the EEG
device or headset 130. The raw signals can be transferred into
the frequency domain by FFT (Fast Fourier Transform) and
divided into one or more frequency bands. For example, the
one or more frequency bands can be defined as delta (A), four
or less Hz, theta (8) approximately 5 to 7 Hz, alpha (o)
approximately 8 to 15 Hz, beta () approximately 16 to 24 Hz,
and gamma (y) approximately 24-40 Hz. In accordance with
another aspect, the one or more frequency bands can be
defined delta (A), less than 4 hertz (“Hz")), theta (8) approxi-
mately 4 to 8 Hz, alpha (o) approximately 8 to 13 Hz, beta (p)
approximately 13-30 Hz, and gamma (y) approximately 30 to
100 Hz. The spectrum can also be obtained as the power of
each of the one or more frequency bands.

[0031] In accordance with an exemplary embodiment as
shown in FIG. 1, the EEG data 110 is recorded from a subject

Aug. 6, 2015

using a brain wave sensing device 130, and an estimate of
mental state of the subject 120 can be made. For example, in
accordance with an exemplary embodiment, the system
includes: (1) a set of mental state dimensions (for example,
creativity, focus, relaxation) by which to characterize an indi-
vidual’s mental state; (2) an insight detection list, with each
insight detection list indicating what levels of each mental
state dimension; and (3) an EEG recording device.

[0032] In accordance with an exemplary embodiment, the
method and system for EEG-based insight detection can con-
sist of a mental state estimation phase, which can be based on
abiological signal, for example, an EEG signal, which can be
used by a machine learning-based algorithm to estimate men-
tal states of the subject, an insight detection process, wherein
the estimated predicted mental state is matched against the
requirements of different insight event detections.

[0033] In accordance with an exemplary embodiment, a
mental state estimation can either be done using either a
rule-based method, where a method and/or process based a
determination by an estimation of mental states to pre-defined
features of the EEG signal map onto different mental state
dimensions or insight, or alternatively, a learning based
method, where the mapping is learned from previously col-
lected EEG data that is collected and/or used during actual
activities or diagnostic testing by one or more subjects. In
accordance with an exemplary embodiment, by optimizing
insight detection according to an individual’s current mental
state, the individual’s overall productivity and insight detec-
tion can improve.

[0034] In accordance with an exemplary embodiment, for
example, EEG signals can be recorded when a subject is
performing a set of diagnostic tasks or problem solving, for
example, a compound remote association, such as described
by Bowden & Jung-Beeman. The EEG data can then be
analyzed by dividing the EEG signal into a plurality of win-
dows or segments. For example, each of the plurality of
windows or segments can be 0.5 seconds, 1.0 seconds, 2.0
seconds, 3.0 seconds, 4.0 seconds, 5.0 seconds, greater than
5.0 seconds and less than 10 seconds for further analysis.
[0035] Inaccordance withan exemplary embodiment, vari-
ous features can be computed from the windowed EEG signal
to help estimate and/or determine the subject’s mental state
for insight detection. For example, one of the various features
used in EEG analysis are the power in pre-defined frequency
bands, which include:

[0036] Delta—deep, non-REM sleep

[0037] Theta—Intuitive, creative, imaginative, dreaming
[0038] Alpha—Relaxed (but not drowsy)

[0039] Beta—Focused, thinking, alert

[0040] Gamma—Motor functions, higher mental activity.
[0041] In accordance with an exemplary embodiment, the

signals or power in the frequency bands can be obtained by
performing a fast Fourier transform (FFT) on the windowed
EEG signal from each channel. In addition, besides the fre-
quency band powers, other features can be used to distinguish
mental states, for example, can include signal entropy, spec-
tral entropy, and/or standard deviation. For example, if a
device with multiple electrodes is being used, additional fea-
tures such as the coherence or mutual information between
pairs of electrodes can also be used. In accordance with an
exemplary embodiment, each of the selected features can be
concatenated into a vector, and this feature vector can be used
to represent that window of EEG signal during mental state
classification.
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[0042] FIG. 2 is a flow chart 200 showing the learning part
of a system and method for insight detection in accordance
with an exemplary embodiment. As shown in FIG. 2, in step
210, compound remote association (CRA) tasks can be pre-
sented to the user. In accordance with an exemplary embodi-
ment, CRA stimuli can be generated, for example, by a com-
puter 140 and presented on a monitor 142 associated with the
computer 140 to the user 120. The user 120 tries to solve the
problem, orally saying the answer to a helper, or directly on
the computer, and mentioning whether the solution was
reached by “analysis” or “insight”. As shown in FIG. 2, in step
220, a determination is made if sufficient stimuli are shown
based onthe CRA tasks. If not, the process returns to step 210,
wherein user continues to receive CRA tasks. However, if
sufficient stimuli are shown, the process continues to step
230.

[0043] In step 230, after a sufficient number of trials has
been reached, Receiver Operation Characteristic (ROC)
Curves can be computed for a threshold classifier applied to
the power of all channels of interest, within a certain time
frame of the trial and for a frequency band of interest (for
example, approximately 9 to 10 Hz or less than 30 Hz).
[0044] In accordance with an exemplary embodiment, an
example of an ROC curve 400 for a specific channel and
specific frequency band computed after a set of trials is shown
in FIG. 4 (blue curve). For each channel, and each set of
frequency bands of interest, the Area under the Curve (AUC)
can be computed, which represents the performance of the
classifier. In accordance with an exemplary embodiment, in
step 240, the channel and frequency band that provides high-
est AUC can then be chosen for the user.

[0045] For each of the selected channels and bandwidths in
step 250, a particular detection threshold can be selected
based on the desired probabilities of True-Positives and
False-Positives. This threshold can be used for that particular
channel and bandwidth during the detection stage. In accor-
dance with an exemplary embodiment, the formula for a
threshold classifier can be given in the following equation:

INS faz6
ANA if o <8

where o is the power of the channel within a frequency band
of interest, and 8 is the selected threshold. INS mean ‘insight’
is detected about the trial, and ANA means ‘analysis’ is
detected. In accordance with an exemplary embodiment, the
equation can provide a classification formula for the thresh-
old classifier. If the power (c) is above a threshold 8, the
signalis classified as “insight” (INS), otherwise it is classified
as “analysis” (ANA).

[0046] FIG. 3 is a flow chart 300 showing the classification
of the signals for a method and system of insight detection in
accordance with an exemplary embodiment. As shown in
FIG. 3, the process starts in step 310, wherein for example,
during a specified time frame or period, for example, work
time, in step 320, EEG signals are recorded from the user 120
using a brain wave device 130, for example, a headset and
computer 140, and the raw signals for each channel are
recorded and filtered by the computer.

[0047] In step 320, the insight detection method deter-
mines, if the end of the recording period has been reached. If
the end of the recording period has not been reached, the EEG
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signals continue to be recorded. If the end of the recording
period is reached, in step 330, the recording process ends, and
the data is forwarded to a computer or processing device 140
foranalysis. In step 340, for each consecutive time segment of
the signals, a software algorithm hosted on a computer or
processing device 140, can apply previously selected detec-
tion thresholds on the recorded channels and bandwidths of
interest in order to detect ‘insight’ events 500, as illustrated in
FIG. 5. For example, the times at which ‘insight’ has been
detected can be correlated with the particular activities the
user was performing, helping attributing more value to those
particular times.

[0048] FIG. 6 shows a workflow 600, wherein the workflow
combines the learning phase (step 610) described in FIG. 2,
and the detection phase (step 620) described in FIG. 3, and
wherein the detection phase is repeated until it is deemed
necessary to go through a new learning phase 630. As shown
in FIG. 6, the workflow can be configured to combines both
learning and detection stages. In accordance with an exem-
plary embodiment, the learning phase can be performed any-
time it is deemed required, for exaniple, when the headset has
moved, or if there was a break between working sessions and
so on. In addition, for example, it may be determined in step
630, that the learning phase 610 should be repeated, the
method and system could repeat the learning 610 and the
detection phases 620 as disclosed for the subject 120. Once a
final detection is determined in step 640, the process ends
(step 650).

[0049] In accordance with an exemplary embodiment, the
classifier as determined during the classification process 340,
can be more sophisticated than a simple threshold function.
For example, in accordance with an exemplary embodiment,
a support vector machine can be applied to different fre-
quency bands and different channels, a neural network, and/
or a boosting based classifier. In addition, the learning does
not have to be restricted to the threshold, and can depend on
a specific classifier used.

[0050] In accordance with an exemplary embodiment, the
learning stage can provide the parameters necessary for the
classifier to detect insight events with best possible perfor-
mance. For example, in accordance with an exemplary
embodiment, the method to select appropriate channels and
bandwidths can rely on any useful classification performance
metric that can be derived from classifier false positive rate,
true positive rate and number of class samples. For example,
ratherthanusing the AUC, the method can be based on mutual
information, or a combination of precision and recall values.
[0051] In accordance with an exemplary embodiment, an
algorithm is disclosed for deciding whether a new learning
phase 610 is required or not, which can consist of a learning
part and a decision part. In accordance with an exemplary
embodiment, during the learning phase 610, the average
power of a frequency band of interest can be computed, for
example the alpha band. Denote by P this power. The com-
putation of P can be based on the Fourier Transform of the
recorded EEG signal during the whole learning period, or
during segments of the period and averaged, or using similar
methods. Importantly, the time period on which the power P
is computed should be significantly larger than the time win-
dow used for classification of EEG signals into insight or
analysis. For example, P could be computed over the whole
training period or from time segments of 1 mn, 10 mn or 20
mn. This is in contrast to the 3 s period used to classify the
EEG signal.
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[0052] In accordance an exemplary embodiment, the deci-
sion part can include computing during the detection phase
620, a power Q of the same band of interest, using a temporal
window that is also significantly longer the classification
period, for example, 2 mn, or 5 mn. In step 630, Q to P is
compared, and if the absolute difference between the two
signals is larger than a pre-specified percent or ratio, (for
example, 10%), noted r, then it is deemed that a new learning
is required and/or should be performed.

[0053] In accordance with an exemplary embodiment, a
third part can be performed prior to the learning and decision
parts (parts 1 and 2), which can include the determination of
a useful value of r. For example, this value could be deter-
mined also during the learning phase 610, or by any other
appropriate method.

[0054] FIG. 7 shows a flow chart 700 of a machine learning
system in accordance with an exemplary embodiment. As
shown in FIG. 7, the process starts with an acquisition of EEG
data 710 based on a presentation of stimuli 720. The presen-
tation of stimuli 720 is designed to determine or classify the
insight and non-sight thought or mental processes of the
subject 120. In step 730, the acquired EEG data 710 and the
presentation of stimuli 720 can be synchronized and in step
740, a feature vector can be extracted from the EEG data 710
and stimuli 720. In step 750, a profile for the subject 120 can
be generated using one or more feature vectors. In step 760,
the one or more feature vectors can be classified, for example,
into “insight” or “creativity” mental processes, and “non-
insight” or “non-creative” mental processes.

[0055] In accordance with an exemplary embodiment, the
method and system as disclosed herein can be used in real-
time for analysis of a subject thought process to help identify
moments, which can have more insight than other moments.
For example, in accordance with an exemplary embodiment,
the subject 120 can perform a task 780, during which EEG
data can be obtained in real-time (step 790) and an analysis
thereof canbe performed to generate an extraction of a feature
vector (step 800) in real-time. The extracted feature vector
can then be classified based on the classifier 760, which can
generate a real-time prediction of the insight or non-insight
770 of the subject 120 during the performance of the task 780.
[0056] Inaccordance with an exemplary embodiment, sev-
eral methods can be used for feature extraction in order to
create feature vectors of good quality in the “learning phase”,
and for feature extraction in the “detecting phase” in order to
classify if a detection of insightful moment, for example, a
“Aha” moment, occurs for a single task (real-time detection),
either before the problem is solved, and/or when the problem
is solved.

[0057] In accordance with an exemplary embodiment, to
build a real-time detection system with machine-learning
methods, it is necessary to generate for each user or subject
120, a brainwave profile (with feature vectors). In accordance
with an exemplary embodiment, EEG signals can be recorded
when a user 120 is performing diagnostics with insight and
non-insight process. Stimuli presentations can be used as the
diagnostics. In accordance with an exemplary embodiment, a
sufficient amount of feature vectors is preferably and/or may
be necessary for optimal performance of the machine algo-
rithm.

[0058] In accordance with an exemplary embodiment, the
presentation of stimuli to the subject during the learning
phase can be performed using a stimuli that can be generated
signals that can be detected by the brainwave sensing device
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or headset 130. For example, one type of stimuli called com-
pound remote associates (Bowden & Jung-Beeman, 2003)
can be used as a stimuli presentation. For example, the com-
pound remote associate (CRA) stimulus asks “what word can
form a familiar compound word or phrase with the each of
these words?” pine, crab, sauce->apple (answer). The subject
is then asked whether the solution or answer was based on
“analysis” or “insight”.

[0059] In accordance with an exemplary embodiment, the
method and system as disclosed herein can be configured to
run on two programs (e.g., synchronization). The first pro-
gram (program “A”) generates the stimuli and captures events
such as user key presses and new stimulation presentation.
The second program (program “B”) can run on the same or on
a different computer, and records the brain signal data as well
as the user events captured by the first program. In accordance
with an exemplary embodiment, the two programs commu-
nicate using the serial port (e.g. COM port on Windows) as
follows: Program A writes to the Serial port whenever an
event such as user key press or a new stimulus is shown
occurs. Program B regularly reads on the Serial port at a
frequency that is similar the sampling frequency that the brain
signal data is being recorded. If any data has been written by
program “A”, program “B” will immediately record the
event, such that the event is recorded synchronously with the
brain signal data.

[0060] Once the brainwave profile is created and a learning
stage 1s completed, the creativity can be detected in real time
(detection stage, algorithms). In accordance with an exem-
plary embodiment, EEG data canbe acquired and extracted to
obtain a feature vector when the user performs a task. In
accordance with an exemplary embodiment, the classifier can
determines creativity state. For example, the machine learn-
ing algorithm can be dependent on the nature of the mental
state dimensions. If the mental state dimensions are binary
(e.g. creativity is either “yes” or “no”), a support vector
machine (SVM) classifier can be one of the best methods. For
example, for a standard linear SVM, a vector w and a constant
b from the brain profile is determined in order to create the
decision rule of the following form:

YES, wxx;—b<0

CREATIVITY =
{NO, wex;—b =0

where X, is a feature vector. The SVM is a maximum-margin
classifier; that is, the terms w and b can be learned in such a
way as to maximize the distance from the hyperplane w*x-
b=01to the closest points on either side of'it. On the other hand,
if the mental state dimensions have multiple options (e.g.,
attention is rated on a scale of 1-5), a regression model such as
Gaussian Process Regression can be used to output a pre-
dicted value.

[0061] In accordance with an exemplary embodiment, the
classification stage can be performed by any classification
function deemed useful for the task at hand, not only limited
to the SVM algorithm. For example, several methods can be
used for feature extraction in order to create feature vectors in
the learning phase, and for feature extraction in the detection
phase in order to classify moments, for example, “Aha
moments: that can occur for a single task in a real-time set-
ting.
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[0062] Combination of Brainwave Signals from Some
Electrodes
[0063] Inaccordance with an exemplary embodiment, fea-

ture vectors (profile) with a combination of brainwave signals
in different positions of electrodes can be better than feature
vectors from a single electrode.
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[0064] where, x,,, is a feature vector, u,, is a weight func-
tion depending on positions of electrodes, n is the number of
trials, and m is the number of electrodes. u,, could be learned
or chosen depending on how close to a position(s) where
“Aha” occurs (“Aha” could be occurs in several position of
the brain). For example, the first electrode position might be
on anterior cingulate cortex (ACC), and the second might be
on posterior cingulate cortex (PCC). In accordance with an
exemplary embodiment, some electrodes can be on anterior
cingulate cortex (ACC).

[0065] Combination of Brainwave Signals in Different Fre-
quencies
[0066] Inaccordance with an exemplary embodiment, fea-

ture extraction of a brainwave signal from a single electrode
can work well if extracted signal is converted to a frequency
domain and a combination of some frequencies/frequency
bands is used.

v 3 S
L n

where, x,, is a feature vector on anterior cingulate cortex
(ACC), posterior cingulate cortex (PCC), or right Superior
Temporal Gyrus, v, is a weight function depending on fre-
quencies, 1 is the number of trials, and 1 is the number of
frequencies. For example, some frequencies in gamma band,
such as 30 Hz, 40 Hz, and 50 Hz, can be combined to create
feature vectors of good quality. For example, some frequen-
cies in different bands, such as 10 Hz (alpha band), 30 Hz and
40 Hz (gamma band), can be combined as well.

[0067] Combination of Brainwave Signals from Some
Electrodes in Different Frequencies

[0068] Feature vectors by a combination of two methods
mentioned above can be better.

R
m 1

n

[0069] where, x,,,, is a feature vector, v, is a weight func-
tion depending on frequencies, u,, is a weight function
depending on positions of electrodes, 1 is the number of
frequencies, m is the number of electrodes, n is the number of
trials.

[0070] Wavelet Features

[0071] In accordance with an exemplary embodiment,
another useful type of feature that can be used is the wavelet
representation, that combines both time and frequency infor-
mation. Using this approach, a set of wavelet features can be
computed for period around the time point of interest and for
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one or more electrodes. Similar to the combination of brain-
wave signals in different frequencies and combination of
brainwave signals from some electrodes in different frequen-
cies, the wavelet features may, or may not, be combined, and
way to provide a feature vector w to be used in the classifier:

we 3 e
i n

Here, v, is a weigh for electrode |, and y,, represents a single
wavelet coefficient indexed by n for electrode 1.

[0072] Specific EEG Channels

[0073] While all channels of the EEG recording device can
in principle be used to create a good feature vector, some
specific channels can be more relevant for detection of mental
states and creativity events. For example, channels of interest
for feature extraction can include the following:

[0074] 1. Anterior cingulate cortex (ACC)

[0075] 2. Posterior cingulate cortex (PCC),

[0076] 3. Right Superior Temporal Gyrus

[0077] 4. Additional site that may be of interest: parietal,

occipital, or frontal sites

[0078] In accordance with an exemplary embodiment, a
non-transitory computer readable medium containing a com-
puter program having computer readable code embodied for
detecting creativity in real-time, comprising: sensing electri-
cal activity along a scalp of a subject during a learning phase,
the learning phase including presenting to the subject one or
more tasks configured to generate electrical activity corre-
sponding to cortical events that are likely to correspond to a
creative type experience and cortical events that are likely to
correspond to a non-creative type experience; classifying the
electrical activity obtained during the learning phase to create
a brainwave profile for the subject; sensing in real-time elec-
trical activity along the scalp of the subject during a perfor-
mance of one or more real-time tasks; comparing the electri-
cal activity of the subject to previously recorded electrical
activity using the brainwave profile for the subject; and clas-
sifying the electrical activity obtained during the perfor-
mance of the one or more real-time tasks into the cortical
events that are likely to correspond to the creative type expe-
rience and the cortical events that are likely to correspond to
the non-creative type experience.

[0079] The non-transitory computer usable medium may
be a magnetic recording medium, a magneto-optic recording
medium, or any other recording medium which will be devel-
oped in future, all of which can be considered applicable to
the present invention in all the same way. Duplicates of such
medium including primary and secondary duplicate products
and others are considered equivalent to the above medium
without doubt. Furthermore, even if an embodiment of the
present invention is a combination of software and hardware,
it does not deviate from the concept of the invention at all. The
present invention may be implemented such that its software
part has been written onto a recording medium in advance and
will be read as required in operation.

[0080] The method and system for detecting creativity in
real-time as disclosed herein may be implemented using
hardware, software or a combination thereof. In addition, the
method and system for detecting creativity in real-time as
disclosed herein may be implemented in one or more com-
puter systems or other processing systems, or partially per-
formed in processing systems such as personal digit assistants
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(PDAs). In yet another embodiment, the invention is imple-
mented using a combination of both hardware and software.
[0081] It will be apparent to those skilled in the art that
various modifications and variation can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:
1. A method for detecting creativity in real-time, the
method comprising:

sensing electrical activity along a scalp of a subject during
a learning phase, the learning phase including present-
ing to the subject one or more tasks configured to gen-
erate electrical activity corresponding to cortical events
that are likely to correspond to a creative type experience
and cortical events that are likely to correspond to a
non-creative type experience;

classifying the electrical activity obtained during the learn-
ing phase to create a brainwave profile for the subject;

sensing in real-time electrical activity along the scalp of the
subject during a performance of one or more real-time
tasks;

comparing the electrical activity of the subject to previ-
ously recorded electrical activity using the brainwave
profile for the subject; and

classifying the electrical activity obtained during the per-
formance of the one or more real-time tasks into the
cortical events that are likely to correspond to the cre-
ative type experience and the cortical events that are
likely to correspond to the non-creative type experience.

2. The method of claim 1, comprising:

computing a Receiver Operation Characteristic (ROC)
curve based on a threshold classifier applied to at least
one channel within a time frame and at least one fre-
quency band; and

computing for each of the at least one power channels an
area under the curve (AUC), which represents a perfor-
mance of the threshold classifier; and

choosing a channel from the at least one channel and a
frequency from the at least one channel that provides a
greatest area under the curve (AUC).

3. The method of claim 2, comprising

classifying the electrical activity obtained during the learn-
ing phase based on statistical thresholds, wherein the
statistical thresholds are based on a desired probability
of True-Positives and False-Positives.

4. The method of claim 1, comprising

detecting electrical activity of the subject on an anterior
cingulate cortex (ACC), a posterior cingulate cortex
(PCC), and/or or right Superior Temporal Gyrus.

5. The method of claim 1, comprising:
generating the brainwave profile by extracting features of
the electrical activity from EEG data using:
a combination of brainwave signals from one or more
electrodes;
acombination of brainwave signals in different frequen-
cies; and/or
a combination of brainwave signals from one or more
electrodes in different frequencies.
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6. The method of claim 1, comprising:

generating the brainwave profile by extracting features of
the electrical activity from EEG data using wavelets
and/or Fourier coefficients.

7. The method of claim 1, wherein the learning phase

comprises:

presenting specific visual stimuli for Stimuli presentation
and learning signatures of creativity and specific mental
states likely to lead to creative solutions to the subject to
generate the electrical activity.

8. The method of claim 1, comprising:

sensing the electrical activity of the subject using an elec-
troencephalograph (EEG) device; and

recording the electrical activity over one or more frequency
bands, wherein the one or more frequency bands include
electrical signals between approximately 0.1 Hzand 100
Hz.

9. The method of claim 1, comprising:

generating the brainwave profile for subject by manually
recording the subject’s responses in a binary format to
the one or more tasks configured to generate electrical
activity corresponding to the cortical events that are
likely to correspond to a creative type experience and the
cortical events that are likely to correspond to a non-
creative type experience.

10. A system for detecting creativity in real-time, the sys-

tem comprising:
a sensing device for sensing electrical activity over one or
more frequency bands along a scalp of a subject, the
sensing device configured to:
sense electrical activity along a scalp of a subject during
a learning phase, the learning phase including pre-
senting to the subject one or more tasks configured to
generate electrical activity corresponding to cortical
events that are likely to correspond to a creative type
experience and cortical events that are likely to cor-
respond to a non-creative type experience; and

sense in real-time electrical activity along the scalp of
the subject during a performance of one or more real-
time tasks; and
a computer device having executable instructions for:
classifying the electrical activity obtained during the
learning phase to create a brainwave profile for the
subject;

comparing the electrical activity of the subject to previ-
ously recorded electrical activity using the brainwave
profile for the subject; and

classifying the electrical activity obtained during the
performance of the one or more real-time tasks into
the cortical events that are likely to correspond to the
creative type experience and the cortical events that
are likely to correspond to the non-creative type expe-
rience.

11. The system of claim 10, wherein the computer device is

configured to:

compute a Receiver Operation Characteristic (ROC) curve
based on a threshold classifier applied to at least one
channel within a time frame and at least one frequency
band; and

compute for each of the at least one power channels an area

under the curve (AUC), which represents a performance
of the threshold classifier; and
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choose a channel from the at least one channel and a fre-
quency from the at least one channel that provides a
greatest area under the curve (AUC).

12. The system of claim 11, wherein the computer device is
configured to:

classify the electrical activity obtained during the learning

phase based on statistical thresholds, wherein the statis-
tical thresholds are based on a desired probability of
True-Positives and False-Positives.

13. The system of claim 10, wherein the sensing device is
configured to:

detect electrical activity of the subject on an anterior cin-

gulate cortex (ACC), a posterior cingulate cortex (PCC),
and/or or right Superior Temporal Gyrus.

14. The system of claim 10, wherein the learning phase
comptrises:

presenting specific visual stimuli for Stimuli presentation

and learning signatures of creativity and specific mental
states likely to lead to creative solutions to the subject to
generate the electrical activity; and
generating the brainwave profile for subject by manually
recording the subject’s responses in a binary format to
the one or more tasks configured to generate electrical
activity corresponding to the cortical events that are
likely to correspond to a creative type experience and the
cortical events that are likely to correspond to a non-
creative type experience.
15. A non-transitory computer readable medium contain-
ing a computer program having computer readable code
embodied for detecting creativity in real-time, comprising;
sensing electrical activity along a scalp of a subject during
a learning phase, the learning phase including present-
ing to the subject one or more tasks configured to gen-
erate electrical activity corresponding to cortical events
that are likely to correspond to a creative type experience
and cortical events that are likely to correspond to a
non-creative type experience;
classifying the electrical activity obtained during the learn-
ing phase to create a brainwave profile for the subject;

sensing in real-time electrical activity along the scalp of the
subject during a performance of one or more real-time
tasks;

comparing the electrical activity of the subject to previ-

ously recorded electrical activity using the brainwave
profile for the subject; and

classifying the electrical activity obtained during the per-

formance of the one or more real-time tasks into the
cortical events that are likely to correspond to the cre-

Aug. 6, 2015

ative type experience and the cortical events that are
likely to correspond to the non-creative type experience.
16. The computer readable medium of claim 15, compris-
ing:
computing a Receiver Operation Characteristic (ROC)
curve based on a threshold classifier applied to at least
one channel within a time frame and at least one fre-
quency band; and
computing for each of the at least one power channels an
area under the curve (AUC), which represents a perfor-
mance of the threshold classifier; and
choosing a channel from the at least one channel and a
frequency from the at least one channel that provides a
greatest area under the curve (AUC).
17. The computer readable medium of claim 16, compris-
ing
classifying the electrical activity obtained during the learn-
ing phase based on statistical thresholds, wherein the
statistical thresholds are based on a desired probability
of True-Positives and False-Positives.
18. The computer readable medium of claim 15, compris-
ing
generating the brainwave profile by extracting features of
the electrical activity from EEG data using:

a combination of brainwave signals from one or more
electrodes;

acombination of brainwave signals in different frequen-
cies; and/or

a combination of brainwave signals from one or more
electrodes in different frequencies.

19. The computer readable medium of claim 15, compris-
ing:
generating the brainwave profile by extracting features of
the electrical activity from FEEG data using wavelets
and/or Fourier coefficients.

20. The computer readable medium of claim 15, compris-
ing:

generating the brainwave profile for subject by manually
recording the subject’s responses in a binary format to
the one or more tasks configured to generate electrical
activity corresponding to the cortical events that are
likely to correspond to a creative type experience and the
cortical events that are likely to correspond to a non-
creative type experience.
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