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SYSTEMS AND METHODS FOR ASSESSING
AND IMPROVING SUSTAINED ATTENTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims the benefit
of U.S. provisional application No. 61/143,704 filed on Apr.
6, 2015, of the same title, which application is incorporated
herein in its entirety by this reference.

[0002] This is also a continuation-in-part of co-pending
U.S. application Ser. No. 13/933,024 filed on Jul. 1, 2013,
entitled “Systems and Methods for Training Meta-Atten-
tion”, recently allowed, which is hereby fully incorporated
by reference.

BACKGROUND

[0003] The present invention relates to systems and meth-
ods for monitoring and training sustained attention of users.

[0004] Sustained attention is important because it is the
foundation for being focused, effective and productive in
nearly every cognitive process we use in everyday life
(effective, productive); it is also a significant component of
many cognitive clinical disorders (e.g. ADHD, autism,
schizophrenia, depression, SAD, PTSD, TBI).

[0005] Continuous Performance Tests (CPTs) have proven
useful as assessment tools in normal populations and for
assessing the clinical disorders mentioned above. A major
limitation has been in their ability to assess the suppression
of distractors. Using behavioral tests, in which distractors
are by definition irrelevant and not to be responded to, one
can assess a person’s ability to ignore distractors only
indirectly—by detecting the rare instance when a person
responds incorrectly to a distractor which is indicative of
less attention to the target and/or less suppression of the
distractor (although which is the cause is ambiguous). Con-
sequently, the data includes a small quantity of rare errors.
Poor distractor suppression can also be indirectly inferred by
measuring differences in performance to a target as a func-
tion of the presence of distractors (e.g., when a target is
preceded by a distractor versus when it is not preceded by a
distractor). Therefore, CPT tests do not provide a direct
measure of continuous suppression of distractors. The only
way to obtain such a measure is with brain physiology
measures.

[0006] In well-accepted models of attention and behav-
ioral studies, it has been recognized that enhanced process-
ing of targets and suppression of distractors are not simply
opposite sides of the same attention coin. It has always been
difficult to characterize the processing of distractors behav-
iorally because it must be accomplished indirectly (e.g.,
distractor disruption of performance to target; occasional
errors, false alarms to non-targets; etc.). Using neurophysi-
ological measures we can directly measure the processing of
all distractors as well as target processing. We now know
that attending and suppressing distractors are at least par-
tially separable functions that are controlled in part by
different brain regions. EEG and fMRI literature shows that
deficits in attending vs. distractor suppression can be dif-
ferentiated behaviorally and physiologically. Consequently,
it makes sense that these processes can be differentiated
within an individual and that they can contribute differen-
tially to cognitive disorders. The important implication for
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the prescription of therapeutics is that therapeutics can be
tailored to attention processes or distractor suppression
processes, or both.

[0007] Two people can perform comparably with different
configurations of brain processes. For example, one person
may enhance target processing with little suppression of
distractors, while the other person has little enhancement of
target processing and strong suppression of competing dis-
tractor inputs. In both cases the target processing wins over
the distractor processing and the result is a similar output
measure (e.g., RT). However, the same training or therapeu-
tic that addresses, for example, target processing would
likely result in quite different changes in these people.
Ideally, training would focus on attending for one person and
ignoring (distractor suppression) for the other. We propose
an assessment tool that characterizes both attending and
ignoring will open the door to the development of new
cognitive training and therapeutics that can emphasize these
two related yet separable aspects of sustained attention.
[0008] Being able to continuously monitor performance
and brain components of attending and ignoring opens the
door for training/therapeutics that provides ongoing feed-
back during sustained attention tasks. This is essential to
creating improved awareness of attention (meta-attention)
and attentional control.

[0009] Consequently, it is apparent that an urgent need
exists for the ability to determine an individual’s “brain
style”, often referred to as “executive function”, so that
therapeutics can be applied that target one or the other aspect
of attending/ignoring processes.

SUMMARY

[0010] To achieve the foregoing and in accordance with
the present invention, a system and method for continuous
monitoring and assessment of attention and improvement of
attentional awareness and control is provided. In particular
the system and methods for monitoring and assessment
include an EEG system that allows for the continuous
monitoring of brain activity. That EEG system has enough
leads to reliably detect a steady state visually evoked poten-
tial (SSVEP) that is induced by a flickering image. That
flickering image is presented to the individual through a
computer screen and the flicker rate can vary widely, from
5 to 60 hertz.

[0011] As the individual is visually engaged with the
screen, the flicker rate creates a signal of equivalent fre-
quency that can be detected directly. In this embodiment, the
screen presents two objects flickering at different rates. Both
objects are in the visual field simultaneously. The individual
is instructed to attend to one of the objects and ignore the
other object.

[0012] Over the time frame of the assessment, a series of
targets and distractors are presented to the individual in
conjunction with the objects being attended or ignored. The
individual is instructed to physically respond to only the
targets presented in conjunction with attended object. All
other distractors and targets are to be ignored and the
individual is instructed to not physically respond.

[0013] During the assessment, the user is given a visual
“fixation point” that the user is visually focused on so that
to ignore and attend objects are in a clear visual field.
[0014] A computer monitors continuously the individual’s
behavioral responses and also their EEG signals. The assess-
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ment algorithm uses both data sets to make reliable and
accurate measurements of the individual’s ability to attend
and ignore.

[0015] Repeated use of the method can constitute training
of attentional awareness (meta-attention) and feedback
about attending and ignoring brain activity levels can be
used to train the user’s attentional awareness and control.
[0016] Note that the various features of the present inven-
tion described above may be practiced alone or in combi-
nation. These and other features of the present invention will
be described in more detail below in the detailed description
of the invention and in conjunction with the following
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In order that the present invention may be more
clearly ascertained, some embodiments will now be
described, by way of example, with reference to the accom-
panying drawings, in which:

[0018] FIG. 1A illustrates one embodiment of an attention
measuring system in accordance with the present invention;
[0019] FIG. 1B is a top view of a user’s head with
exemplary locations for measuring SSVEP and/or SSAEP;
[0020] FIG. 2 is a flow diagram of an exemplary testing
protocol for the embodiment of FIG. 1A;

[0021] FIGS. 3A-3C and 4A-4C are screenshots illustrat-
ing exemplary protocols for the embodiment of FIG. 1A;
and

[0022] FIG. 5 is an exemplary flow diagram of an exem-
plary training protocol for the embodiment of FIG. 1A.
[0023] FIG. 6 is another exemplary flow diagram of a
second exemplary training protocol for the embodiment of
FIG. 1A.

DETAILED DESCRIPTION

[0024] The present invention will now be described in
detail with reference to several embodiments thereof as
illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of embodiments of the
present invention. It will be apparent, however, to one
skilled in the art, that embodiments may be practiced with-
out some or all of these specific details. In other instances,
well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the
present invention. The features and advantages of embodi-
ments may be better understood with reference to the
drawings and discussions that follow.

[0025] Aspects, features and advantages of exemplary
embodiments of the present invention will become better
understood with regard to the following description in
connection with the accompanying drawing(s). It should be
apparent to those skilled in the art that the described embodi-
ments of the present invention provided herein are illustra-
tive only and not limiting, having been presented by way of
example only. All features disclosed in this description may
be replaced by alternative features serving the same or
similar purpose, unless expressly stated otherwise. There-
fore, numerous other embodiments of the modifications
thereof are contemplated as falling within the scope of the
present invention as defined herein and equivalents thereto.
Hence, use of absolute and/or sequential terms, such as, for
example, “will,” “will not,” “shall,” “shall not,” “must,”
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“must not,” “first,” “initially,” “next,” “subsequently,”
“before,” “after,” “lastly,” and “finally,” are not meant to
limit the scope of the present invention as the embodiments
disclosed herein are merely exemplary.

[0026] The present invention relates to a system and
methods for an objective, reliable and accurate assessment
of an individual’s attention. For example, Attention-Deficit/
Hyperactivity Disorder (ADHD) is highly prevalent, and the
methods for characterization of the disorder are limited,
particularly with respect to neurophysiological biomarkers
that can be made readily and inexpensively accessible to a
wide market. We have created a novel neurophysiological
attention test (NAT) based on electroencephalography
(EEG) and we have successfully demonstrated the NAT” s
validity and utility as an assessment tool for ADHD provid-
ing two new biomarkers for ADHD The NAT provides
critical new measures of the fluctuations in attentional
control in ADHD in addition to standard performance mea-
sures. The neurophysiological measures of the NAT provide
a closer link to brain research and brain-based models of
ADHD and provide direct brain measures of treatment
effects.

[0027] Attention-related deficits in ADHD are associated
more with sustained attention than with selective. Deficits in
selective attention, i.e. the top-down controlled processing
of a target or distractor, are less prevalent under circum-
stances in which patients with ADHD properly allocate
attentional control (e.g., high load). ADHD individual defi-
cits lie in the ability to be consistently and purposefully in
control of these top-down controlled selective attention
processes. That is, an important aspect of ADHD would
appear to be difficulty in the maintenance of attentional
control. Deficits in maintaining attentional control manifest
as inconsistent intra-individual performance on sustained
attention tasks with periods of normal performance and
other periods of poor performance thought to reflect “inat-
tention”, and considered by several groups to be an impor-
tant component of ADHD. Such lapses in attention would
result in the common finding of fluctuations in reaction time
(intra-individual RT variability), which we find in our NAT
performance measures, recently characterized as infra-slow
frequency oscillations. A logical step in relating these per-
formance fluctuations to brain processes is to examine
large-scale brain networks known to have similarly infra-
slow fluctuations in activity. There is fMRI evidence for
decreased coherence within the default network and less
suppression of default network activity during external tasks
in ADHD. Given the putative relationships between default
network and attentional control networks, these results sug-
gest there may be alterations in attention control networks as
well. Hence, investigation of possible changes in slow
fluctuations in attention control networks and their relation-
ship to attentional lapses in ADHD, and emphasizes the need
for intra-individual measures of brain processes over time to
characterize the neural fluctuations of attentional control
during sustained attention.

[0028] Cognitive neuroscience studies have clearly iden-
tified two functional, and neurally distinct, components of
attentional control: top-down controlled enhancement of
attended targets and top-down controlled suppression of
ignored distractors. Subjective assessments indicate distrac-
tability to be a key factor in ADHD, and a recent objective
study has demonstrated that individuals with ADHD have a
deficit in the recruitment of attentional control over target
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processing and suppression of distractors. While the latter
study used behavioral measures, it has been shown that
patients (elderly with cognitive decline) can be differentiated
on the basis of fMRI-based brain measures of distractor
suppression versus target enhancement, demonstrating that
these separate top-down control systems can be altered
independently as well. This implies a need for intra-indi-
vidual measures of brain processes over time to characterize
maintenance of both processes: attending targets and ignor-
ing distractors. Objective assessment tests must obtain brain
measures of both components of attentional control and their
intra-individual fluctuations during sustained attention.
Detecting fluctuations over time requires continuous mea-
sures of both target and distractor processing. Doing so
improves diagnostics and monitoring of the brain effects of
treatment.

[0029] Unlike any other behavioral or EEG-based assess-
ment methods of ADHD, our Neurophysiological Attention
Test (NAT) utilizes a novel EEG method to measure infta-
slow fluctuations in BOTH attending and ignoring simulta-
neously during sustained attention tasks.

[0030] The NAT is the first EEG-based method for con-
tinuously tracking neurophysiological indices of attending
targets and ignoring distractors simultaneously during sus-
tained attention tasks. We adapt the steady-state visual
evoked potential (SSVEP) method to take advantage of the
fact that the magnitude of stimulus processing in sensory
cortex (measured by the SSVEP) provides an index of
attentional top-down control from frontal-parietal systems.
Our method makes it possible for the first time to continu-
ously measure the intra-individual variability (infra-slow
fluctuations) of electrophysiological brain activity represent-
ing the top-down controlled processing of BOTH attended
targets and of ignored distractors in ADHD. Measurements
of infra-slow fluctuations can also be fMRI-based.

[0031] Our innovation is to use the time-proven SSVEP
frequency tagging measures, and for the first time in a
continuous mode to track infra-slow fluctuations (~0.1-0.02
Hz) in control over both sustained attending and sustained
ignoring throughout continuous attention tasks (FIG. 1). To
do this we measure activity reflecting the processing of two
different stimuli (target and distractor) concurrently. How-
ever, it is challenging to define EEG measures that can be
used unambiguously to measure the responses to each of
multiple stimuli presented simultaneously. The SSVEP fre-
quency tagging method allows the attended target signal and
the ignored distractor signal to be identified by the frequency
of the SSVEP. Fach stimulus type (target, distractor) is
assigned a flicker frequency (e.g., 15, 17 Hz respectively)
that drives visual sensory cortices at the flicker frequency of
each stimulus, thereby isolating and stabilizing the EEG
activity corresponding to each stimulus type even when they
are presented at the same time or even in the same location,
e.g. in figure/background configuration. It is the infra-slow
fluctuations in attending and ignoring that one can be aware
of (meta-attention), and thus these measures can be used for
assessment of meta-attention and for feedback about attend-
ing and ignoring and training meta-attention to improve
attentional control. Many patients, for example those with
ADHD, stress, anxiety and depression, have less meta-
attention, i.e. they are less self-aware of their attention, or
are less frequently self-aware of their attention. This results
in negative symptoms and decrement of quality of life.
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Improving their meta-attention and thereby also their atten-
tional control can greatly benefit these patients.

[0032] The NAT also provides behavioral performance
data during the sustained attention task. Our findings from
the NIH award are consistent with the literature on altered
intra-individual reaction time variability, showing increased
ultra-slow fluctuations in reaction time (0.05-0.1 Hz) in
ADHD (see Appendix A). In this NIH Small Business
Innovation Research Award we showed that the combination
of our behavioral and electrophysiological measures was
better than the current gold standard assessment method
(Conners CPT test) for diagnosis of ADHD.

[0033] In accordance to the embodiments of the present
invention, in addition to relating physiological indices to
performance, the physiological indices themselves have
functional significance. In fact, they can uncover important
brain function differences, in the presence of similar behav-
ioral measures, that can be differentially targeted by thera-
peutics. At a minimum, they can provide additional, other-
wise unavailable, information to behavioral measures that
may not completely differentiate sub-groups of patients (but
suggest that there may be sub-groups), to aid in that differ-
entiation.

[0034] This represents both significance and innovation
because it will impact the field (significance)—drive devel-
opment of new therapeutics; and its novel/innovative
approach will impact thinking in the field and is expected to
generate new lines of research and development of new
types of therapeutics. The method not only significantly
improves assessment and therapeutics; but it can open the
door to new categorization of individuals and patients, and
to the development of a new line of therapeutics.

[0035] One good example of how suppression of distrac-
tors is important is, if you do not suppress distractors well,
then they get into working and short term memory and
interfere with long-term formation of memories for relevant
information, and contribute to confusion. It is likely that less
suppression of distractors could lead to shifts in attention
away from relevant information. There are multiple cogni-
tive disorders where this type of problem is a contributing
factor and it impacts performance and well being in every-
one.

[0036] Five key advantages include: (1) Capability to
measure fluctuations in performance continuously over time
to track performance-related aspects of sustained attention.
(2) Capability to simultaneously and continuously track a
physiological index of the attended channel of information
during the task, and (3) the physiological index of the
ignored/distractor channel of information. (4) Capability to
relate the indices for the attended and ignored channels of
processing to each other and to performance. (5) Capability
to provide feedback about these indices to the user.

[0037] Decomposing the physiological/functional compo-
nents contributes to performance. Performance can be
decomposed into attention related enhancement of target
processing and distractor suppression contributions.

[0038] In addition, these performance measures do not
disrupt and re-set attention like CPT tasks that utilize no-go
stimuli (e.g., Conners CPT; SART). Note that mental drift-
ing is disrupted and attention is thereby re-set in terms of RT
when a rare no-go stimulus occurs within a go/no-go task.
However, by disrupting natural attentional drift, one greatly
diminishes the ability to continuously track natural waxing
and waning of attention.
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[0039] The major advantages of these methods are that
they measure both attention related processing and distractor
processing directly (not inferred), simultaneously, and con-
tinuously. In addition, the same measures are used for both
attended processing and distractor processing, i.e. there are
not two different types of measures, consequently, and
comparison between these two key attention functions is
more direct.

[0040] Direct measures of distractor processing: Direct
measures of distractor processing provide a more accurate
assessment of how distractors are being processed, than
indirect methods such as inferring their level of processing
from their impact on target processing. In addition, the
impact on target processing and attention-related processes
can also be analyzed.

[0041] Simultaneous: Measuring (the allocation of
resources to) both attending and ignoring in parallel makes
it possible to accurately monitor the effects of fluctuations in
arousal and control upon both attending and ignoring. It also
makes it possible to assess the relationship between changes
in attending with respect to ignoring.

[0042] Continuous: Not interrupted by probes or other rare
events that tend to reset attention, thereby obtaining more
natural data on the waxing and waning of sustained atten-
tion. Additional assessment tools may add probes or differ-
ent types of continuous tasks as well.

[0043] In some embodiments, SSVEPs serve as indices of
target and distractor processing. These measures are
employed to reflect processing of relevant (target) and
irrelevant (di stractor) information.

[0044] This protocol leverages an EEG sensing method
(SSVEPs) to provide two important key advantages for
functional measures of attention: (1) provides continuous
electrophysiological tracking of sustained attention with
high temporal resolution; and (2) provides continuous track-
ing of the levels of BOTH attention to targets and suppres-
sion of distractors simultaneously, as well as performance on
a CPT task.

[0045] Steady State Visual Evoked Potentials (SSVEPs)
are EEG measures of the signals from cortical brain regions
that respond in synchrony with a flickering visual stimulus,
the signals represent brain responses that have reached a
steady-state relationship with visual stimulus. Frequency
Tagging uses more than one stimulus, each stimulus flick-
ering at a different frequency, so that a particular frequency
is an index of that stimulus. Similarly, the SSVEPs at each
frequency are an index of the brain response to the stimulus
flickering at that frequency. This allows us to “Tag” a brain
response as being an index of the brain processing of a
specific stimulus in the visual scene. For example, one visual
stimulus can flicker at 15 Hz and serve as the stimulus to be
attended in our task, and the other, distractor stimulus (to be
ignored) can flicker at 20 Hz. By recording the SSVEPs at
these two frequencies (15 Hz and 20 Hz) we have brain
electrophysiological indices of the amount of brain process-
ing of the attended target stimulus (15 Hz SSVEP) and the
ignored distractor stimulus (20 Hz SSVEP).

[0046] Using SSVEP to compute attention can be imple-
mented by presenting faint marker stimuli that flicker on the
screen and to superimpose upon the marker stimulus other
stimuli that serve as the content for the task. For example, on
a light grey background dark grey circular patches can be
presented on the left and right of fixation, flickering at 15
and 20 Hgz, respectively. Superimposed upon these two
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patches can be red letters (or other characters) at a rate that
is typical in an attention task, e.g. one per second, and the
subject is asked to attend to the letters in the left circular
patch and ignore the letters in the right circular patch. Note
that the signals of interest are the two SSVEPs coming from
the two patches, not the small transient responses to the red
letters. Additional assessment tools may use single trial
analyses of transient responses to targets and distractors and
their changes over time as well.

[0047] Attention causes the SSVEP to be much larger
when the flicker patch location is attended than when it is
ignored. This exemplary method is more effective than
transient (brief) attention modes. That is, short time epochs
(typically about 1 second) are extracted from the attention
task and then signal averaged to obtain the average signal
magnitude for the stimulus when it is attended and for that
same stimulus when it is ignored. That is, the continuous
data are broken into short epochs that are then signal
averaged. This provides an improved signal to noise ratio,
but eliminates all the information about any differences in
the SSVEP at different times during the task, i.e. the slow
fluctuations in attending and ignoring. Also, using many
short intervals of task performance (e.g. 5-30 seconds at a
time) are typically used specifically to avoid fluctuations in
ability to pay attention that arise when one has to sustain
attention for more than 30 seconds. Consequently, short time
epochs explicitly do not measure the differences in attention
level (or distractor processing level) that are thought to
occur when one pays attention and ignores distractors for
extended periods of time, i.e. they do not measure the
properties of sustained attention.

[0048] In this exemplary protocol, sensors SSVEPs
employs circular patches of stimuli at an attended and
ignored location, and records these signals continuously
during extended 4 minute runs of sustained attention. Track-
ing the magnitude of the signals for both the attended
stimulus (attending/target magnitude) and the ignored
stimulus (ignoring/distractor magnitude) continuously over
the 4 minute runs is accomplished by taking the filtered 15
Hz and 20 Hz SSVEP signals and obtaining the Hilbert
transform of the signals over the 4 minute run. The results
have shown two novel findings that fit with models of
attention. First, the attended signal and the ignored signal
both fluctuate dramatically (e.g. on the order of 100%
amplitude fluctuations) over time periods in the range of
10-30 seconds consistent with the waxing and waning of
sustained attention, and demonstrates that there are robust
data to work with. Second, the fluctuations of the two signals
are not necessarily in synchrony—this demonstrates that
attending and ignoring are separable processes. The latter
point means that these measures can be used in principle to
track peoples’ ability to sustain attention and to sustain
ignoring distractions simultaneously. This is the basis for the
described diagnostic categories, and styles of attending/
ignoring in non-patients, and for subsequent development of
new therapeutics and enhancement methods to target the
new categories of attention disorders and attention styles.

[0049] The use of SSVEPs to measure slow fluctuations
enables the devices for the method to be produced inexpen-
sively and used by anyone (i.e., not requiring knowledge of
EEG recordings) so that individual consumers can readily
purchase and use them. This broadens the use of the method
beyond research, educational and clinical facilities to indi-
vidual consumers. This has great impact on assessment of
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attention control and the consequent creation of new cat-
egories of patients and clinical disorders. Nearly all other
types of clinical assessments are performed in the clinic
greatly limiting the view of the patient’s condition/disorder.
Performing assessments in real life conditions improves the
characterization of the patient’s condition and is expected to
lead to much more personalized assessments and to creation
of new categories of clinical diagnosis. Accessibility to
individual consumers also makes it possible to use the
method for monitoring treatment effects in everyday life
contexts, greatly improving accuracy of tailoring treatment
to the individual patient. It also makes it possible for patients
and non-patients to use the method to improve their atten-
tional awareness and attentional control by training any time
and anywhere rather than being limited to a facility for
training (e.g., clinic, school, health spa).

[0050] In some embodiments, the target/distractor stimu-
lus parameters and task have been developed through pilot
tests to create sufficiently distracting distractors, i.e. they
create qualitative experientially salient interference to par-
ticipants. The goal is to have stimulus parameters that create
enough difficulty and distractor interference that a slight
increase in distractor salience (brightness or duration) pro-
duces a decrease in accuracy. This ensures that there is a
benefit to suppressing distractors—if the target discrimina-
tion is too easy, and/or the distractors are not sufficiently
disruptive, then there is little need to suppress distractors. 2)
We prefer difficulty level to be substantially at 100% accu-
racy, such that any waning of attention or decrease in
distractor suppression will result in a loss in accuracy. This
protocol adjusts target and distractor brightness and duration
to determine the stimulus parameters that produce the
desired cognitive effects. Note the stimulus parameters
(other than position) are equal for target and distractor so
that the stimuli do not produce unequal brain responses.

[0051] Why not just use EEG alpha-band measures or
fMRI? The same type of measurements could be performed
with fMRI approaches in principle, however, it is not known
if the signal magnitudes would be large enough for evalu-
ation of individual patients and the cost would be prohibitive
(on the order of $1,000 per person) and the assessments
would be limited in number (due to expense) and not be
available in real world conditions. These methods are an
advance or improvement over using alpha-band recordings
for which it is difficult to identify which signal corresponds
to the attended vs. ignored stimulus, and the magnitude of
the alpha signal may not be large enough for real-time
monitoring. With alpha it is difficult to use anything other
than two widely separated stimuli (so only spatial location
can be used as an index; and can be difficult to differentiate
the responses to task stimuli from other alpha sources). This
method may be extended to examine both the stimulus
driven system of attending/ignoring and other systems
related to waxing and waning of arousal etc. that would be
reflected by naturally occurring alpha simultaneously. It may
also be possible to develop other configurations of stimuli,
including foreground vs. background; superimposed stimuli;
auditory stimuli; effects of contextual information, etc. none
of which can be used effectively with alpha measures.

[0052] In one exemplary embodiment, as illustrated by
FIG. 1A, an attention evaluator and/or trainer 100 includes
a computerized processor 150, an output device 152 (e.g.,
video display with speakers), an input device 154 (e.g.,
keyboard, mouse, touchpad, and/or joystick) and a neural
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scanner 156 (e.g., headgear with EEG sensors) operatively
coupled to the head 188 of a user 180. FIG. 1B is a top view
of head 188 showing a plurality of exemplary locations for
scanning SSVEP (Steady State Visual Evoked Potentials)
and/or SSAFEP (Steady State Auditory Evoked Potentials).

[0053] Referring initially to the screenshots 3A and 3B,
FIG. 2 is a flowchart 200 illustrating an exemplary attention
assessment protocol, using an attention evaluator and/or
trainer 100, useful for accessing attention capability or
deficits thereof such as ADHD.

[0054] In step 210, output device 152 presents and
instructs user 180 to attend to a first visual and/or audial
(also referred to as “auditory”) stimulus, such as a visual
circle (also referred to as “circular patch™) alternating
between lighter circle 320 and darker circle 325, and flick-
ering at a first frequency, generally approximately between
3 Hertz and 40 Hertz, and preferably substantially between
15 Hertz and 18 Hertz.

[0055] Referring also to the screenshots of FIGS. 4A and
4B, output device 152 also presents and instructs user 180 to
ignore a second visual and/or audial stimulus via output
device 154, such as another flickering visual circle alternat-
ing between lighter circle 430 and darker circle 435, and
flickering at a second frequency, generally approximately
between 3 Hertz and 40 Hertz, and preferably substantially
between 15 Hertz and 18 Hertz (see step 220).

[0056] Instep 230, user 150 may also be provided with an
optional suitable focal cue, such as to focus user’s eyes on
fixation point 340. In this example, the first flickering
frequency can be 12 Hertz and the second flickering fre-
quency can be 16 Hertz, and the fixation point 340 can be
located approximately midway between the attended circle
320 and the ignored circle 330.

[0057] In some embodiments as illustrated by the respec-
tive screenshot 300C and screenshot 400C, a randomized
plurality of targets and /or distractors, e.g. target 352 and/or
distractor 452, can be presented to user 180 either in
attended circle 328 and/or ignored circle 438 (step 240).
Presentation frequency of targets and/or optional distractors
can be approximately between one and five seconds, and can
be randomized with respect to presentation rate, location
and/or duration. Although squares are used for targets/
distractors in this embodiment, other shapes are also pos-
sible, e.g., circles, ovals, rectangles, polygons, triangles or
any other regular or irregular shapes.

[0058] The user is instructed to respond to target(s) and to
ignore any distractor(s). Processor 150 optionally computes
fluctuation of user’s reaction time to the targets, e.g., target
352 (step 250). Reaction times can be measured using input
device 154.

[0059] Neural scanner 156 measures the user’s SSVEP
and/or SSAEP (step 260). Neural scanner 156 can be an
EEG headset such as the EPOC™ available from Emotiv of
San Francisco, Calif. and EEG headset available from Imec
of Lueven, Belgium.

[0060] In step 270, processor 150 computes the user’s
attention capability using the fluctuation and/or SSVEP/
SSAEP using the above described protocol. The computed
capability can be provided to the user and/or a human
therapist for evaluation purposed, and hence can be used for
development of a personalized treatment plan.

[0061] This can be computed by frequency tagging, e.g.,
using a moving window fast Fourier (FFT) of the EEG to
extract the magnitude (e.g., amplitude) of the SSVEP signal
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over time, thereby yielding a waveform that includes the
infra-slow fluctuations of the SSVEP magnitude over a
sustained period of time (e.g., from about five seconds to
about two minutes, preferably approximately between 10
seconds and 100 seconds). Note that the “raw” SSVEP
signal includes measurable representations of the above
described flickering frequencies.

[0062] The FFT of the waveform can be used to compute
the magnitude of the ISF in an exemplary frequency band
(such as 0.01-0.2 Hz). The infra-slow fluctuations of the
extracted SSVEP can be used to compose an attention score
which is useful for example diagnosing ADHD.

[0063] This technique results in an attention score that aids
clinicians in their assessment of an individual’s capacity to
attend and ignore inputs, in simple form, for example:

A(sub ignore)=Power (infraslow band over time)
A(sub attend)=Power (infraslow band over time)

A(sub performance)=Power (infraslow band over

time)
[0064] Wherein A is the attention score for each.
[0065] These techniques can be summarized by the exem-
plary equations:
4=P s EQUATION A
44=POrsr EQUATION B
Ap=Pp(t)zsr EQUATION C

[0066] Wherein:
[0067] A =attention score (indicate sub-I=Ignore; sub-
A=Attend; sub-P=Performance)
[0068] ISF=InfraSlow Fluctuations—very low frequen-
cies, such as from 0.01-0.2 Hz.
[0069] P(t)=Power over time for the infraslow frequencies
[0070] NOTE: The magnitude of the power can be found
using a FFT, wavelet or other type of transform.
[0071] Other modifications and additions are also pos-
sible. For example, the magnitude of the waxing and waning
of attention reflected in the ISF magnitude can also vary over
tens of minutes and hours of the day, or across days or longer
periods which can be measured with the ISF magnitude at
different periods.
[0072] Alternatively or in addition, a new measure that
combines the ISF with other EEG measures can be created
by relating the ISF to other EEG measures extracted at the
same time. For example frontal activity could be found that
co-varies with the ISF.
[0073] Many other modifications and additions are also
possible. For example, it may be possible to present targets
substantially outside of the attended area, and identify the
targets using a color, a shape or an alphanumeric character
(or any suitable symbol such as an Arabic character or
Chinese calligraphic symbol).
[0074] There are also alternate methods for explicitly
and/or implicitly incorporating a target with the attended
area, such as superimposing a “target” onto the attended
area, by, for example, substantially lengthening/narrowing
the duration of the flickering pulse and/or varying the color,
shape and/or size of the attended area.
[0075] Referring now to the flowchart of FIG. 5 and the
screenshots of FIGS. 3A-3C & 4A-4C, attention evaluator
and/or trainer 100 can be adapted to provide both diagnosis
and treatment protocols.
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[0076] 1Insome protocols, as illustrated by step 510, output
device 152 presents and instructs user 180 to attend to a first
visual and/or audial stimulus, such as a visual circle alter-
nating between lighter circle 320 and darker circle 325, and
flickering at a first frequency, generally approximately
between 3 Hertz and 40 Hertz, and preferably substantially
between 15 Hertz and 18 Hertz.

[0077] Output device 152 also presents and instructs user
180 to ignore a second visual and/or audial stimulus via
output device 152, such as another flickering visual circle
alternating between lighter circle 430 and darker circle 435,
and flickering at a second frequency, generally approxi-
mately between 3 Hertz and 40 Hertz, and preferably
substantially between 15 Hertz and 18 Hertz (see step 520).
[0078] In some protocols, user 150 may also be provided
with a suitable focal cue, such as to focus user’s eyes on
fixation point 340 located approximately midway between
the attended circle 320 and the ignored circle 330.

[0079] As illustrated by screenshots 300C & 400C, a
randomized plurality of targets and/or distractors, e.g., target
352 and/or distractor 452, can be presented to user 180 either
in attended circle 328 and/or ignored circle 438 (step 530).
Target(s) and/or optional distractor(s) are generally present
between approximately one and five seconds, and can be
varied with respect to presentation rate, location and/or
duration, depending on the training protocol(s). Although
squares are used for targets/distractors in this embodiment,
other shapes are also possible, e.g., circles, ovals, rectangles,
polygons, triangles or any other regular or irregular shapes.
[0080] In steps 540 and 550, neural scanner 156 measures
the user’s SSVEP and/or SSAEP, and the user’s reaction
time to the distractors may also be measured. Processor 150
can compute the user’s attention capability derived from the
SSVEP and/or SSAEP, and/or the fluctuation of user reac-
tion time.

[0081] In one exemplary “executive function” training
protocol as illustrated by step 560, the presentation of the
target(s) and/or optional distractor(s) relative to the attended
and ignored stimuli are varied to either draw the user’s
attention towards and/or away from the attended/ignored
stimuli. This can be accomplished by, for example, repeat-
edly displaying targets(s) and/or optional distractor(s) at one
or both of the attended stimulus and ignore stimulus, while
monitoring the reaction time and/or accuracy of the user’s
response to the distractor(s).

[0082] In a modified exemplary “meta-attention” training
protocol as illustrated by step 670 of FIG. 6, the subject is
provided with real-time feedback about their attending or
ignoring level based upon their SSVEP/SSAEP to the
attended or ignored stimulus (respectively), and the subject
then learns to be aware of their attending or ignoring level,
increasing their attentional awareness; the subject then
brings their attending or ignoring level back to the desired
level (step 680), thereby learning how to control their
attentional processes. With repeated use, the subject learns
how to control their level of attending or ignoring. In other
instances, meta-attention training can be accomplished by
feedback provided at the end of a session (historical feed-
back) to teach the subject how to be aware of what their
attending or ignoring was like through retrospective self-
reflection. For example, if a subject is presented with a
salient distraction during the sustained attention task (e.g.,
an emotional stimulus), it will capture the subject’s attention
and there will be a period of time needed to bring their



US 2016/0287157 Al

attention back to the task that will be reflected in the
SSVEP/SSAEP level. At the end of a training session on the
sustained attention task, the method (670) will provide
feedback by illustrating how long it took to recover their
attention level in the attention task each time a salient
distractor occurred. By reflecting on those feedback data, the
subject learns about their attentional control and becomes
more aware of their attention (improved meta-attention) and
can then repeat the task with heightened awareness to learn
better control. Repeated usage (steps 610-680) can be used
to increase the subject’s attentional awareness and train
them to improve their level of attentional control over
attending and ignoring.

[0083] Modifications and additions to the above embodi-
ments are also possible. For example, in some protocols, the
flickering pulse width, intensity and/or color of the attended/
ignored area(s) can be varied for the purpose of drawing
attention to and away from attended area and/or ignored
area. Alternatively or in addition, size and/or shape of the
attended/ignored areas may be varied for the same purpose.
Alternatively, non-spatial differentiation of the attended and
ignored stimulus information can be used, for example
natural scenes where objects appear without fixed location
and one type of object is attended and another type or class
of object is ignored, where the non-spatial properties of the
objects determine their type/class (e.g., color or shape or
texture). Another example of non-spatial features that can be
used to differentiate attended and ignored stimuli is motion.
For example one class of moving object (which could
include an avatar controlled by the subject) is attended, but
other moving objects are ignored. Sensory modality (e.g.,
auditory, visual) can be used as a non-spatial feature for
differentiation. For example, subjects could attend to visual
objects while ignoring sounds.

[0084] Alternatively or in addition, conjunctions of non-
spatial and/or spatial properties can also be used to define
attended and ignored stimuli, for example scenes in which
the background is ignored and the foreground is attended,
faces that are speaking (visual and auditory) in the left visual
field (spatial) are attended and faces speaking in the right
visual field are ignored, or faces that are speaking about one
topic are attended and faces speaking about another topic are
ignored. Consequently, an enormous range of stereotyped or
realistic stimuli can be used to create desired attentional
tasks and cognitive loads, thereby providing a large range of
assessment and training environments that can be related to
everyday life activities. These can include attention tasks in
which the subject builds awareness of control over when and
what to attend to out of multiple stimulus sources.

[0085] Meta-attention or awareness of attention includes
the capability to search and identify where your mind is
(which external input or internal process is being attended or
ignored). The training teaches how to have better awareness
of attention (better at searching and identifying) leading to
better control of attention. If attention is on the task, then
keep it there, if it has been captured by a distraction, then
bring it back to the task. Alternatively or in addition, there
can be primary and secondary channels of information and
action that need to be coordinated to achieve the overall
goals of a task. For example, this could require attentional
awareness and control in which the subject attends to a
primary stimulus channel, but also a secondary channel
while ignoring a third class of inputs, i.e. irrelevant distrac-
tor stimuli; requiring awareness of the primary stimuli while
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interleaving attention outside those stimuli to the secondary
channel stimuli and not the distractors. For example, in this
scenario there would be three different flicker frequencies,
for primary task stimuli, secondary task stimuli and distrac-
tor stimuli. Subjects can learn to take voluntary control over
when to switch attention between primary and secondary
stimulus channels and to ignore distractors. The SSVEP/
SSAEP measures provide assessment and feedback on atten-
tion levels to both primary and secondary tasks and ignoring
of distractors.

[0086] Training meta-attention is greatly benefited when
the stimuli and tasks can be readily related to real-life
situations so that the improved attentional awareness and
control can be transferred to real world activities more
readily. The capability to define which EEG signal corre-
sponds to which stimulus when multiple simultaneous
stimuli like these are presented is not possible with other
EEG measures (e.g. event related potentials (ERP) or oscil-
latory signals such as alpha).

[0087] Assessment and training can be performed in many
different user-defined contexts in their real life. User-defined
mental state and external environment can be incorporated
into the scoring and computations of attentional control
(equations A.B,C and derivatives of these); including com-
parisons of the magnitudes of attend and ignore ISFs and
performance ISFs measured across different time periods
(hours, days, weeks etc.). For example, we have shown in
the NIH Award study that attend and ignore ISFs increase as
a person becomes fatigued at performing a task. Alterna-
tively or in addition, the nature of the external environment
can create other forms of distraction that the user can be
aware of (quiet office versus noisy bus). Alternatively or in
addition, the impact on attention of social factors can be
incorporated into assessment and training with this method,
including inputs from social media and comparisons with
other users or group data.

[0088] The within-individual data and across-individual
data can be entered into large databases and mined for
patterns that inform individual assessment and treatment and
for clinical characterization of populations and sub-popula-
tions, creation of new clinical types and sub-types and
possibly even new clinical classifications; as well as devel-
opment of new treatments and improvements in personal-
ized treatments.

[0089] There are also alternate methods for explicitly
and/or implicitly incorporating a target with the attended
area, such as superimposing a “target” onto the attended
area, by, for example, substantially lengthening/narrowing
the duration of the flickering pulse and/or varying the color,
shape and/or size of the attended area. It may be useful to
also track the error rate by comparing the “correct”
responses to targets versus distractors.

[0090] Exemplary platforms suitable for implementing
embodiments of attention evaluators and/or trainers include
desktops, towers, laptops, tablets, smart phones, video gam-
ing systems and training systems such as flight simulators.
In addition, suitable visual displays and/or input devices
include touchscreens and virtual reality goggles.

[0091] For further details of the present invention, please
see attached Appendix A.

[0092] While this invention has been described in terms of
several embodiments, there are alterations, modifications,
permutations, and substitute equivalents, which fall within
the scope of this invention. Although sub-section titles have
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been provided to aid in the description of the invention,
these titles are merely illustrative and are not intended to
limit the scope of the present invention.

[0093] It should also be noted that there are many alter-
native ways of implementing the methods and apparatuses
of the present invention. It is therefore intended that the
following appended claims be interpreted as including all
such alterations, modifications, permutations, and substitute
equivalents as fall within the true spirit and scope of the
present invention.

What is claimed is:

1. In a computerized attention testing system having an
EEG sensor, a method for measuring sustained attention
capability comprising:

providing a first viewable area to be attended by a user

during a sustained time period, the first area flickering
at a first frequency;

providing a second viewable area to be ignored by the

user during the time period, the second area flickering
at a second frequency;

providing at least one of a target and a distractor, the user

instructed to respond to the target and also instructed to
ignore the distractor;

measuring at least one infra-slow fluctuation of reaction

time of the user to the target substantially over the time
period;

measuring an infra-slow fluctuation of SSVEP (Steady

State Visual Evoked Potentials) of the user during the
time period; and

computing a measure of attention capability of the user by

correlating the measured at least one fluctuation of
reaction time with the measured SSVEP of the user.

2. The method of claim 1 wherein the target is presented
inside the attended area and wherein the distractor is pre-
sented inside the ignored area.

3. The method of claim 1 wherein the target is at least one
of a predetermined shape, color and alphanumeric character.

4. The method of claim 1 further comprising providing a
fixation point to the user, the fixation point located substan-
tially between the first viewable area and the second view-
able area.

5. The method of claim 1 wherein the time period is a
sustained time period.

6. The method of claim 5 wherein the sustained time
period is substantially over ten seconds.

7. The method of claim 1 wherein the SSVEP is measured
using an EEG (electrophysiological) sensor.

8. The method of claim 1 wherein the first frequency is
substantially between 3 Hz and 40 Hz.

9. The method of claim 8 wherein the first frequency is
substantially between 15 Hz and 18 Hz.

10. The method of claim 1 wherein the second frequency
is substantially between 3 Hz and 40 Hz.

11. The method of claim 10 wherein the second frequency
is substantially between 15 Hz and 18 Hz.

12. The method of claim 1 wherein a presentation rate of
the target is randomized with respect to time.

13. The method of claim 7 wherein the infra-slow fluc-
tuation of SSVEP are computed using a moving window
Fast Fourier Transform (FFT) of the EEG signal to extract
a magnitude of the SSVEP signal.

14. In a computerized attention testing system having an
EEG sensor, a method for measuring attention capability
comprising:
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providing a first auditory stimulus to be attended by a user
during a time period, the first auditory stimulus having
a first frequency;

providing a second auditory stimulus to be ignored by the
user during the time period, the second auditory stimu-
lus having a second frequency;

measuring an infra-slow fluctuation of SSAEP (Steady

State Auditory Evoked Potentials) of the user substan-
tially during the time period; and

computing a measure of attention capability of the user by

using the measured SSAEP of the user.

15. The method of claim 14 wherein the first auditory
stimulus includes a first plurality of audible sounds pulsating
at the first frequency, and wherein the second auditory
stimulus includes a second plurality of audible sounds
pulsating at the second frequency.

16. The method of claim 14 further comprising:

providing at least one audible target to the user;

measuring at least one fluctuation of reaction time of the
user to the at least one target substantially over the time
period; and

correlating the measured at least one fluctuation of reac-

tion time with the measured SSAEP of the user during
the computing of the measure of attention capability of
the user.
17. The method of claim 14 wherein the time period is a
sustained time period.
18. The method of claim 17 wherein the sustained time
period is substantially over ten seconds.
19. The method of claim 14 wherein the SSAEP is
measured using an EEG sensor.
20. The method of claim 14 wherein the first frequency is
substantially between 3 Hz and 60 kHz.
21. The method of claim 20 wherein the first frequency is
substantially between 10 Hz and 20 kHz.
22. The method of claim 14 wherein the second frequency
is substantially between 3 Hz and 60 kHz.
23. The method of claim 22 wherein the second frequency
is substantially between 10 Hz and 20 kHz.
24. The method of claim 14 wherein a presentation rate of
the target is randomized with respect to time.
25. The method of claim 16 further comprising providing
at least one audible distractor to be ignored by the user.
26. In a computerized attention training system having an
EEG sensor, a method for measuring and improving atten-
tion capability comprising:
providing a first viewable area to be attended by a user
over a sustained time period, the first area flickering at
a first frequency;

providing a second viewable area to be ignored by the
user over the sustained time period, the second area
flickering at a second frequency;

providing a fixation point to the user, the fixation point

located substantially between the first viewable area
and the second viewable area;

presenting a plurality of targets inserted into the first

viewable area and the second viewable area;
measuring an SSVEP (Steady State Visual Evoked Poten-
tials) of the user substantially during the time period,
extracting from the SSVEP measurement a first amplitude
corresponding to the attended area, and extracting from
the SSVEP measurement a second amplitude corre-
sponding to the ignored area; and
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varying a presentation rate for the plurality of targets
inserted between the first viewable area and the second
viewable area based on a difference between the first
amplitude and the second amplitude.
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