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(7) ABSTRACT

Techniques that facilitate monitoring learning performance
using neurofeedback are described. In one embodiment, a
system is provided that comprises a memory that stores
computer-executable components and a processor that
executes computer-executable components stored in the
memory. In one implementation, the computer-executable
components comprise a feedback component that receives
first feedback information regarding mental function of a
user in association with participation in a learning experi-
ence, wherein the first feedback information is captured via
a NIRS spectroscopy sensor worn by the user. The com-
puter-executable components further comprise an assess-
ment component that determines learning performance
information for the user based on the first feedback infor-
mation, wherein the learning performance information
reflects the user’s learning of content presented to the user
in the learning experience, and a notification component that
generates a notification based on the learning performance
information indicating the user’s learning of the content is
below a defined learning performance level.
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MONITORING LEARNING PERFORMANCE
USING NEUROFEEDBACK

BACKGROUND

[0001] The subject disclosure relates to monitoring learn-
ing performance using neurofeedback.

SUMMARY

[0002] The following presents a summary to provide a
basic understanding of one or more embodiments of the
invention. This summary is not intended to identify key or
critical elements, or delineate any scope of the particular
embodiments or any scope of the claims. Its sole purpose is
to present concepts in a simplified form as a prelude to the
more detailed description that is presented later. In one or
more embodiments, systems, computer-implemented meth-
ods, apparatus and/or computer program products that facili-
tate monitoring learning performance using neurofeedback
are described.

[0003] According to an embodiment, a system is provided
that can comprise a memory that stores computer-executable
components and a processor that executes computer-execut-
able components stored in the memory. In one or more
implementations, the computer-executable components
comprise a feedback component that receives first feedback
information regarding mental function of a user in associa-
tion with participation in a learning experience, wherein the
first feedback information is captured via a near-infrared
spectroscopy (NIRS) spectroscopy sensor worn by the user.
The computer-executable components further comprise an
assessment component that determines learning perfor-
mance information for the user based on the first feedback
information, wherein the learning performance information
reflects user learning of the content presented to the user in
the learning experience, and a notification component that
generates a notification based on the learning performance
information indicating the user’s learning of content is
below a defined learning performance level. In various
implementations, the first feedback information comprises
haemodynamic information selected from a group consist-
ing of working memory performance levels, stress levels
and attention levels of the user.

[0004] In one or more implementations, the feedback
component further receives second feedback information
regarding the mental function of the user in association with
the participation in the learning experience, wherein the
second feedback information is captured via an electroen-
cephalogram (EEG) sensor worn by the user, and wherein
the assessment component further determines the learning
performance information for the user based on the first
feedback information and the second feedback information.
For example, the learning performance information can
comprise performance levels of the user with respect to
defined cognitive function areas associated with the mental
function of the user. With these implementations, the defined
cognitive function areas can be selected from a group
consisting of: attention, familiarity, mental effort, working
memory, linguistic acquisition, social learning, and media-
tion.

[0005] In another embodiment, a computer-implemented
method is provided. In one example, the computer-imple-
mented method comprises receiving, by a device operatively
coupled to a processor, first feedback information regarding
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mental activity of a user in a learning environment, wherein
the first feedback information is captured via a NIRS spec-
troscopy sensor worn by the user. The computer-imple-
mented method can further comprise determining, by the
device, learning performance information for the user based
on the first feedback information, wherein the learning
performance information comprises learning performance
levels of the user with respect to defined cognitive function
areas associated with the mental activity of the user, and
generating, by the device, a notification based on the learn-
ing performance information indicating the user’s learning
performance is below a defined learning performance level.
For example, the defined cognitive function areas can be
selected from a group consisting of: attention, familiarity,
mental effort, working memory, linguistic acquisition, social
learning, and mediation. In one or more implementations,
the computer-implemented method can further comprise
receiving, by the device, second feedback information
regarding the mental activity of the user in the learning
environment, wherein the second feedback information is
captured via an EEG sensor worn by the user, and wherein
the determining the learning performance information com-
prises determining the learning performance information for
the user based on the first feedback information and the
second feedback information.

[0006] In another embodiment, a computer program prod-
uct for monitoring learning performance based on neuro-
feedback, the computer program product comprising a com-
puter readable storage medium having program instructions
embodied therewith. The program instructions executable
by a processing component to cause the processing compo-
nent to receive neurofeedback information regarding mental
function of a user in a learning context, wherein the neuro-
feedback information is captured via a near-infrared spec-
troscopy sensor worn by the user, and determine learning
performance information for the user based on the neuro-
feedback information, wherein the learning performance
information reflects the user’s learning of content presented
to the user in the learning context. The program instructions
can further cause the processing component to generate a
notification based on the learning performance information
indicating the user learning of the content is below a defined
learning performance level, and send the notification to a
device associated with an entity responsible for teaching the
content to the user to facilitate improving the user’s learning
of the content.

DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates an example, non-limiting system
that facilitates monitoring learning performance using neu-
rofeedback in accordance with one or more embodiments
described herein.

[0008] FIG. 2 illustrates another example, non-limiting
system that facilitates monitoring learning performance
using neurofeedback in accordance with one or more
embodiments described herein.

[0009] FIG. 3 illustrates a block diagram of an example,
non-limiting system that facilitates monitoring learning per-
formance using neurofeedback in accordance with one or
more embodiments described herein,

[0010] FIG. 4 illustrates a block diagram of another
example, non-limiting system that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein.
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[0011] FIG. 5 illustrates a block diagram of another
example, non-limiting system that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein.

[0012] FIG. 6 illustrates a block diagram of another
example, non-limiting system that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein.

[0013] FIG. 7 illustrates a flow diagram of an example,
non-limiting computer-implemented method that facilitates
monitoring learning performance using neurofeedback in
accordance with one or more embodiments described herein.
[0014] FIG. 8 illustrates a flow diagram of another
example, non-limiting computer-implemented method that
facilitates monitoring learning performance using neuro-
feedback in accordance with one or more embodiments
described herein.

[0015] FIG. 9 illustrates a flow diagram of another
example, non-limiting computer-implemented method that
facilitates monitoring learning performance using neuro-
feedback in accordance with one or more embodiments
described herein.

[0016] FIG. 10 illustrates a block diagram of an example
non-limiting operating environment in which one or more
embodiments described herein can be facilitated.

DETAILED DESCRIPTION

[0017] The following detailed description is merely illus-
trative and is not intended to limit embodiments and/or
application or uses of embodiments. Furthermore, there is no
intention to be bound by any expressed or implied informa-
tion presented in the preceding Background or Summary
sections, or in the Detailed Description section.

[0018] The subject disclosure is directed to computer
processing systems, computer-implemented methods, appa-
ratus and/or computer program products that facilitate moni-
toring leamning performance using neurofeedback. With
classroom sizes growing and curriculums becoming more
robust and virtually taught, the ability for teachers to find
and help struggling students in a timely and effective manner
is becoming more and more difficult. Traditionally, teachers
use after-task assessments such as quizzes and exams to
determine a student’s understanding of the material. Accord-
ingly, a student that demonstrates poor learning performance
in a particular subject area is generally identified after the
subject has been covered and the class has moved on to a
new subject. With today’s curriculum, there generally is
little or no time to address the learning needs of a struggling
student once the student is identified after the material has
been covered.

[0019] The subject disclosure provides techniques for
automatically identifying students exhibiting poor learning
performance with respect to material that is currently being
presented to the students based on minimally invasive
multimodal neuroimaging measurements captured from the
students as the material is being presented. In particular, in
various embodiments, each individual student or learner can
wear a device that captures neurofeedback (e.g., neuroim-
aging measurements) related to the mental activity or mental
process of the student while the student is participating in a
learning experience, environment or context (e.g., a class, a
lecture, a laboratory procedure, a self-study period, an exam,
etc.). For example, in various embodiments, the neurofeed-
back can include neuroimaging measurements that indicate
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mental performance levels with respect to various defined
cognitive function areas including, but not limited to, atten-
tion, familiarity, mental effort, working memory, linguistic
acquisition, social learning, and/or mediation. In one or
more implementations, the device can include a headset or
other suitable device that is worn on or near the head of the
student (e.g., a headband, an earpiece, an eyepiece, etc.) and
comprises one or more neuroimaging sensors that capture
the neurofeedback. The neurofeedback for each student (or,
in some embodiments, one or more students) can be sent or
streamed to another device as it is captured, such as a server
device, for processing in real-time or substantially real-time
to determine one or more characteristics of the student
cognitive processing throughout the learning experience. As
used herein, the term “real-time” can mean processing and
capturing to data within a defined number of minutes or
seconds (e.g., within 10 seconds, within 30 seconds, within
60 seconds, within 2 minutes) after the data is generated. For
example, the server device can determine, based on neuro-
feedback measurements regarding student attention, famil-
iarity, mental effort, working memory, linguistic acquisition,
social learning, and/or mediation, a general learning perfor-
mance score representative of the student’s general learning
performance for the learning experience. In another
example, the server device can determine learning perfor-
mance scores for the student at different points or periods in
time throughout the learning experience. In another
example, the server device can determine scores respec-
tively representative of the student learning performance
with respect to different defined cognitive state function
areas (e.g., attention, familiarity, mental effort, working
memory, linguistic acquisition, social learning, mediation,
etc.) at different points or periods in time throughout the
learning experience and/or for the learning experience as a
whole.

[0020] Such processing of a student brain activity can
facilitate automatically identifying a student who is strug-
gling with the current material and allow for quicker inter-
vention to prevent the student from falling behind. For
example, in some embodiments, the teacher, the student, or
another suitable entity can be notified in response to a
determination that the student is exhibiting low learning
performance. In one implementation, a threshold based
method can be used to decide when to send an alert to the
teacher regarding low learning performance of a student
during a lecture or other learning experience orchestrated by
the teacher. According to this implementation, the server
device can generate and send a notification to the teacher
(e.g., at a device employed by the teacher) identifying a
student exhibiting low learning performance based on the
student learning performance score being below a threshold
learning performance score. In one embodiment, notifica-
tions generated for students can be collected in a queue and
the teacher can request and receive the notifications on
demand (e.g., at a time when the teacher is ready to evaluate
how the students are performing during class). In some
embodiments, the notifications can include information
identifying specific cognitive function areas in which a
student is exhibiting low learning performance so that the
teacher can intervene appropriately.

[0021] In some implementations, the server device can
generate a learning assessment report that evaluates the
learning performance of students for one or more learning
experiences. Accordingly, the teacher, the student, or
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another suitable entity can regularly assess the student
learning performance over time to determine how and when
the student is struggling and whether the student learning
performance is improving. In addition, the teacher can
compare the learning performances of students relative to
one another to determine collectively what material the
students find particularly difficult, interesting, easy, etc., and
adjust their curriculum or teaching techniques accordingly.
For example, the teacher can go back and look at the
collective learning performance feedback for a class as a
whole to learn how the students react to specific tasks (e.g.,
lecture, individual work, small group work, exams, etc.) and
adjust the teacher lesson plan accordingly to try and make
the time with the students more effective.

[0022] Insome embodiments, in order to further facilitate
evaluating student learning performance, a video and/or
audio recording can be captured during the learning expe-
rience and correlated to the learning performance feedback
received for the respective students. According to these
embodiments, student feedback indicative of poor learning
performance can be manually (e.g., by the teacher reviewing
the video and/or audio recording in conjunction with the
student feedback) or automatically correlated to the particu-
lar content being discussed at the time the student feedback
was generated to identify the particular content the student
found difficult, confusing, not engaging, etc. In some
embodiments in which video of a student face and/or body
language is captured, additional information regarding the
student mental state throughout a learning experience can
further be discerned using analysis of facial expressions and
body language of the student. This additional information
can be combined with the neurofeedback to further evaluate
the learning performance of the student.

[0023] In various exemplary embodiments, the neurofeed-
back includes neuroimaging measurements captured via one
or more NIRS sensors included on or within the device worn
by the student (e.g., on or near the student’s head). For
example, the device can include one or more NIRS sensors
that capture quantitative haemodynamic and metabolic
information from one or more areas of the brain. The
haemodynamic and metabolic information can be correlated
to mental performance with respect to one or more defined
cognitive function areas, including, but not limited to, work-
ing memory performance, mental effort and/or attention. In
some embodiments, in addition to neurofeedback captured
via one or more NIRS sensors, the neurofeedback can also
include neuroimaging measurements captured via one or
more electroencephalogram (EEG) sensors included on or
within the device worn by the student. For example, EEG
measurements can include voltage fluctuations in the time
and/or frequency domain that can be correlated to mental
performance with respect to various defined cognitive func-
tion areas, including but not limited to: attention, familiarity,
mental effort, working memory, linguistic acquisition, social
learning, and mediation.

[0024] Although the terms “student” and “teacher” are
used throughout the subject disclosure to refer to the entity
whose learning performance is being evaluated and the
entity that provides or conducts the learning experience, it
should be appreciated that the various techniques for moni-
toring learning performance describe herein can be
employed in various learning contexts between various
types of subjects. The term “learner” is generally synony-
mous with the term “student” as used herein and the term
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“teacher” is generally synonymous with the entity that is
responsible for providing the content for learning by the
student and facilitating the learning of the content by the
student. Likewise, the term “leaming experience,” can refer
to various learning context or environments and is not
limited to conventional educational classroom based learn-
ing experiences. For example, the subject learning perfor-
mance monitoring techniques can be applied to evaluated
learning performance of a student in association with par-
ticipation in a live or recorded lecture, a self-study learning
experience, an interactive learning experience, a learning
experience involving physical activity, and/or social learn-
ing experience, etc. In addition, the subject learning perfor-
mance monitoring techniques can be employed to monitor
learning performance of students in association with par-
ticipation in an online or virtual classroom experience,
wherein the teacher and the student are remotely located.
[0025] The terms “mental process™ and “mental function-
ing” are used herein interchangeably to refer to all things
that individvals can do with their minds. These include
perception, memory, thinking (e.g., such as ideation, imagi-
nation, belief, reasoning, etc.), volition, and/or generation or
expression of emotion. The term “cognition” can be or
include the mental action or process of acquiring knowledge
and understanding through thought, experience, and the
senses. Cognition can encompass mental processes such as
knowledge, attention, memory and working memory, judg-
ment and evaluation, reasoning and computation, problem
solving and decision making, comprehension and produc-
tion of language, etc. A “cognitive state” or “mental state” of
an individual can be dynamic and include characteristics of
one or more such mental processes. Human cognition can be
conscious and unconscious, concrete or abstract, as well as
intuitive (e.g., like knowledge of a language) and conceptual
(e.g., like a model of a language). Cognitive processes can
use existing knowledge and generate new knowledge.
[0026] One or more embodiments are now described with
reference to the drawings, wherein like referenced numerals
are used to refer to like elements throughout. In the follow-
ing description, for purposes of explanation, numerous spe-
cific details are set forth in order to provide a more thorough
understanding of the one or more embodiments. It is evident,
howevet, in various cases, that the one or more embodiments
can be practiced without these specific details.

[0027] FIG. 1 illustrates an example, non-limiting system
100 that facilitates monitoring learning performance using
neurofeedback in accordance with one or more embodi-
ments described herein. Aspects of systems (e.g., system 100
and the like), apparatuses or processes explained in this
disclosure can constitute machine-executable component(s)
embodied within machine(s), e.g., embodied in one or more
computer readable mediums (or media) associated with one
or more machines. Such component(s), when executed by
the one or more machines, e.g., computer(s), computing
device(s), virtual machine(s), etc. can cause the machine(s)
to perform the operations described.

[0028] The system 100 and/or the components of the
system 100 can be employed to use hardware and/or soft-
ware to solve problems that are highly technical in nature,
that are not abstract and that cannot be performed as a set of
mental acts by a human. For example, system 100 and/or the
components of the system 100 can be employed to use
hardware and/or software to perform operations including
monitoring neurofeedback (e.g., haeyomodynamic, meta-
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bolic and brainwave data) generated by a student during a
learning experience and correlating patterns in the neuro-
feedback information with qualitative and/or quantitative
mental performance measures with respect to one or more
defined cognitive function areas. The mental performance
measures can be compared to various thresholds to auto-
matically identify if a student is exhibiting low learning
performance, thereby facilitating improved processing time
for determining if the user is having difficulty learning
during a learning experience. In addition, system 100 and/or
the components of system 100 can automatically generate
and send notifications to the student, the student’s teacher,
(or another entity responsible for facilitating learning by the
student), indicating the student’s low learning performance
during and/or after the learning experience so that the
student and/or the student’s teacher can react appropriately.
Further, some of the processes performed may be performed
by specialized computers for carrying out defined tasks
related to the performing affective computing to facilitate
automatic provision of auxiliary content to users based on
emotional state. System 100 and/or components of the
system 100 can be employed to solve new problems that
arise through advancements in technology, computer net-
works, the Internet and the like. System 100 can further
provide technical improvements to live and Internet based
learning systems by improving processing efficiency among
processing components associated with selecting and pro-
viding auxiliary information associated with a presentation
in real-time based a user’s current mental state and prefer-
ences.

[0029] System 100 can include a plurality of users 104,
(e.g., students or learners) respectively wearing neurofeed-
back devices 102, - on or around their heads. The neuro-
feedback devices 102, ,, can respectively include one or
more neuroimaging sensors that continually or regularly
capture neuroimaging measurements from one or more areas
of the brain representative of mental activity of the brain
over the course of engagement or participation of the
respective users 104, ,; in a learning experience, environ-
ment or context. The neuroimaging measurements can fur-
ther be processed to determine one or more characteristics of
the cognitive states of the respective users 104, , over the
course of engagement or participation of the respective users
in the learning experience, environment or context. For
example, the learning experience can include attending a
live or recorded lecture, participating in a home study
session, taking an examination, performing a physical task
or experiment, participating in interactive group learning
experience, watching or listening to a live or recorded
presentation, performance or demonstration, etc. It should
be appreciated that the number of users 104, _,, can vary and
that the features and/or functionalities of system 100 can be
employed to monitor learning performance of one or more
users at a time participating in same or different learning
experiences.

[0030] In some embodiments, the neurofeedback devices
102, _,, can perform on-board processing of captured neu-
roimaging measurements captured by the respective devices.
For example, in one implementation, the respective neuro-
feedback devices 102, . can analyze neuroimaging mea-
surement captured from the respective users and determine
one or more characteristics of the respective users’ cognitive
states. Such characteristics can include for example, quan-
titative and/or qualitative measures of individual user mental
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attention level, familiarity level, mental effort level, working
memory performance ability, linguistic acquisition ability,
social learning ability, and/or mediation ability.

[0031] In another implementation, the neurofeedback
devices 102, ,, can further analyze learning information
regarding qualitative and/or quantitative cognitive perfor-
mance in different cognitive function areas to determine an
overall learning performance score representative of a user
overall learning performance. For example, a overall learn-
ing performance score can reflect the user learning perfor-
mance in each (or, in some embodiments, one or more) of
the measured cognitive function areas and indicate on a
defined (arbitrary) scale, how well the user is learning and
understanding the material being taught (e.g., on a scale of
1 to 10, where a score of 10 indicates the user has fully
grasped and understands the material and a score of 1
indicates the user is completely confused and/or has not
learned or understood the material at all). According to these
embodiments, the neurofeedback devices 102, ,, can send
the processed neuroimaging data to another device for
further processing. For example, in the embodiment shown,
the other device can include a learning performance server
device 106 and/or a teacher device 108. However, in various
other embodiments, the neurofeedback devices 102, ,, can
send raw neuroimaging measurements to the learning per-
formance server device 106 as they are captured. The
learning performance server device 106 can further process
the neuroimaging measurements as they are received (e.g,,
in real-time or substantially real-time) to determine one or
more characteristics of the cognitive states of the respective
users 104, ,; and/or overall learning performance of the
respective users 104, _,, over the course of engagement or
participation of the respective users in the learning experi-
ence, environment or context.

[0032] The learning performance server device 106 can
further generate and send notifications based on receiving
and/or determining specific learning performance informa-
tion that has been previously characterized as a triggering
event, such as learning performance information represen-
tative of a low learning performance level (e.g., relative to
a threshold or desired learning performance level). For
example, in one or more embodiments, the learning perfor-
mance server device 106 can generate a notification in
response to receiving or determining learning performance
information for a user that indicates the user learning
performance is below a desired learning performance level.
The notification can be generated while the user is partici-
pating in the learning experience or after completion of the
learning experience. The learning performance server device
106 can further send the notification to a device (e.g., teacher
device 108) associated with another entity responsible for
facilitating the learning by the student, such as the student’s
teacher (e.g., teacher 110 or another suitable entity). Accord-
ingly, the student’s teacher (e.g., teacher 110) can quickly
and effectively address the student learning needs before the
student falls further behind. For example, after or while a
teacher 110 is teaching conducting a lecture to a plurality of
students (e.g., users 104, ,), the teacher 110 can receive a
notification at a device employed by the teacher (e.g,
teacher device 108) that identifies one of the students and
indicates the student learning performance is low. For
instance, the teacher device 108 can include a device asso-
ciated with the teacher 110 that the teacher can access and/or
operate in association with facilitating a learning experi-
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ences, such as a desktop computer, a laptop computer, a
television, an Internet enabled television, a mobile phone, a
smartphone, a tablet user computer (PC), a digital assistant
(PDA), a heads up display (HUD), a virtual reality (VR)
headset, an augmented reality (AR) headset, or another type
of wearable computing device. In some implementations,
the notification can include detailed information regarding
particular cognitive areas in which the user is exhibiting low
learning performance levels, and the particular content or
type of content to which the user demonstrated low learning
performance levels.

[0033] The learning performance server device 106 can
also generate and/or store learning performance evaluations
for one or more users 104, ,; and one or more learning
experiences of the one or more users. This learning perfor-
mance information can be accessed and evaluated by the
teacher, the user, the user’s parents, etc., to track the user
learning progress over time. Learning performance infor-
mation generated for a student or group of students can
further be aggregated analyzed (by the learning performance
server device 106) to further identify patterns regarding
when and why certain students exhibit low learning perfor-
mance with respect to a type of content being taught, the
manner in which the content is taught, the teacher respon-
sible for teaching the content, the duration of the learning
experience, the time of day of the learning experience, etc.
[0034] The various features and functionalities of the
neurofeedback devices described herein (e.g., neurofeed-
back devices 102) can vary so long as they are capable of
capturing neuroimaging measurements (e.g., NIRS mea-
surements and/or EEG measurements) that can be correlated
to learning performance with respect to one or more defined
cognitive function areas and communicating the raw (or
processed) neuroimaging measurements to an external
device. For example, in the embodiment shown, the neuro-
feedback devices 102, ,, can include one or more bands or
straps that rest on or around different regions of the scalp.
According to this example embodiment, one or more non-
invasive neuroimaging sensors (not shown) can be distrib-
uted at different areas on the one or more bands or straps. In
other embodiments, the neurofeedback devices 102, ,, can
include a device that is worn as an eyepiece (e.g., glasses,
goggles, contacts, etc.), an earpiece, a hat, a patch, etc. so
long as the one or more neuroimaging sensors of the device
are capable of capturing neuroimaging measurements (e.g.,
NIRS measurements and/or EEG measurements).

[0035] The neurofeedback devices 102, ,, can further
include suitable electrical circuitry to facilitate operation of
the one or more neuroimaging sensors. In various embodi-
ments, the neurofeedback devices 102, ,; can also include
suitable communication hardware and software (e.g., a cen-
tral processing unit (CPU, a transmitter, a transceiver, a
decoder/encoder, etc.) to facilitate wired or wireless com-
munication of captured neuroimaging measurements to an
external device, such as the learning performance server
device 106 and/or teacher device 108. In some embodi-
ments, the neurofeedback devices 102, _, can respectively
communication raw or processed neuroimaging measure-
ments to external devices respectively associated with the
104, ,,, and the external user devices can forward or relay
the raw or processed neuroimaging measurements to the
learning performance server device 106.

[0036] For example, FIG. 2 illustrates another example,
non-limiting system that facilitates monitoring learning per-
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formance using neurofeedback in accordance with one or
more embodiments described herein. System 200 includes
same or similar features as system 100 with the addition of
one or more student devices 202, . Repetitive description
of like elements employed in respective embodiments is
omitted for sake of brevity.

[0037] In the embodiment shown, each of the users 104, _,,
can be associated with a student device 202, , such as but
not limited to, a desktop computer, a laptop computer, a
television, an Internet enabled television, a mobile phone, a
smartphone, a tablet user computer, a PDA, a HUD, a VR
headset, an AR headset, or another type of wearable com-
puting device. In some implementations, the neurofeedback
devices 102, ,, can communicate raw or processed neuroim-
aging measurements to the student devices 202, . respec-
tively associated with each of the users 104, _,, using wired
communication or a short range wireless communication. In
some embodiments, the student devices 202, , can perform
some processing of the neuroimaging measurements and
further relay the processed neuroimaging information to the
learning performance server device 106. In other embodi-
ments, the student devices 202, _,, can merely relay the raw
neuroimaging measurement data to the learning perfor-
mance server device for processing.

[0038] In some embodiments, the learning performance
server device 106 can also generate and send notifications to
the respective users 104, ,; at their student devices 202, _,,
regarding their learning performance in association with a
learning experience. For example, the learning performance
server device 106 can determine if a student is exhibiting
low learning performance (e.g., relative to a threshold per-
formance level) and send a notification to the student at the
student device 202 associated with the student and inform-
ing the student regarding his or her learning performance.
The student can then react accordingly in an attempt to
improve the student learning performance. For example, in
an implementation in which the notification is received
during a current learning experience, the student can attempt
to re-engage with the experience, take notes, mark the
current material for further review after class, ask questions,
ask for supplementary material, etc. In another example, in
an implementation in which the notification is received after
completion of the learning experience, the student can go
back through the material taught, ask the teacher or another
student for help on the material taught, request more infor-
mation about the material taught, etc.

[0039] With reference to FIGS. 1 and 2, in various imple-
mentations, neurofeedback devices 102, ,, the student
devices 202, _,, the learning performance server device 106
and/or the teacher device 108 can be communicatively
coupled via one or more networks (not shown). Such net-
works can include wired and wireless networks, including,
but not limited to, a cellular network, a wide area network
(WAN) (e.g., the Internet) or a local area network (LAN).
For example, the neurofeedback devices 102, _,,, the student
devices 202, ,, the learning performance server device 106
and/or the teacher device 108 can communicate with one
another using virtually any desired wired or wireless tech-
nology, including but not limited to: wireless fidelity (Wi-
Fi), global system for mobile communications (GSM), uni-
versal mobile telecommunications system (UMTS),
worldwide interoperability for microwave access (Wi-
MAX), enhanced general packet radio service (enhanced
GPRS), third generation partnership project (3GPP) long
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term evolution (LTE), third generation partnership project 2
(3GPP2) ultra mobile broadband (UMB), high speed packet
access (HSPA), Zigbee and other 604. XX wireless technolo-
gies and/or legacy telecommunication technologies, BLU-
ETOOTH®, Session Initiation Protocol (SIP), ZIGBEE®,
RF4CE protocol, WirelessHART protocol, 6LoWPAN (IPv6
over Low power Wireless Area Networks), Z-Wave, and/or
an ultra-wideband (UWB) standard protocol. For example,
in one embodiment of system 100, the neurofeedback
devices 102, ,, can communicate with the learning perfor-
mance server device 106, and the learning performance
server device 106 can communicate with the teacher device
108 via a WAN (e.g., the Internet). In one embodiment of
system 200, the student devices 202, , can be respectively
associated with the users and 104, ,, located in relatively
close proximity to the users 104, . (e.g., within the same
physical classroom space) while the learning performance
server device 106 can be located remotely. According to this
embodiment, the neurofeedback devices 102, ,, can com-
municate with the student devices 202, ,, using close range
wireless communications (e.g., NFC, BLUETOOTH®, etc.)
and the student devices student devices 202, ,, can commu-
nicate with the learning performance server device 106
and/or the teacher device 108 using a WAN. As used in this
disclosure, the terms “user,” “student,” “teacher,” “pre-
senter,” and the like refer to a person, entity, system, or
combination thereof that can employ systems described
herein (e.g., systems 100, 200 and the like) using a neuro-
feedback device 102, a student device 202 or a teacher
device 108, respectively.

[0040] FIG. 3 illustrates a block diagram of an example,
non-limiting system 300 that facilitates conditional provi-
sioning of auxiliary information with a media presentation in
accordance with one or more embodiments described herein.
System 300 can include same or similar features and func-
tionalities as systems 100 and 200 and vice versa. Repetitive
description of like elements employed in respective embodi-
ments is omitted for sake of brevity.

[0041] As shown in FIG. 3, system 300 can include
learning performance server device 106, one or more neu-
rofeedback devices 102, one or more student devices 202
and teacher device 108. The learning performance server
device 106 can include various computer-executable com-
ponents, including, but not limited to, feedback component
302, assessment component 304, notification component
306 and communication component 310. The learning per-
formance server device 106 can also include or otherwise be
associated with at least one memory 314 that stores com-
puter-executable components (e.g., the feedback component
302, the assessment component 304, the notification com-
ponent 306, and the communication component 310). The
learning performance server device 106 can also include or
otherwise be associated with at least one processor 312 that
executes the computer-executable components stored in the
memory 314. The learning performance server device 106
can further include a system bus 308 that can couple the
various components including, but not limited to, the feed-
back component 302, the assessment component 304, the
notification component 306, the communication component
310, the memory 314 and/or the processor 312.

[0042] In order to facilitate monitoring learning perfor-
mance using neurofeedback, the learning performance
server device 106 can include feedback component 302 to
receive feedback information regarding mental function of a
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user in association with participation in a learning experi-
ence. In some implementations, the feedback information
can be received directly from a neurofeedback device 102
worn by the user. In other implementations, the feedback
information can be received from a student device 202
associated with the user, wherein the feedback information
or data from which the feedback information was derived
(e.g., neuroimaging measurements) was provided by the
neurofeedback device 102 to the student device 202. The
learning performance server device 106 can include assess-
ment component 304 to analyze the feedback received by
the feedback component 302 to determine learning perfor-
mance information for a user regarding the user learning of
content presented to the user in the learning experience. The
learning performance server device 106 can further include
notification component 306 to generate and send notifica-
tions to the user’s teacher (e.g., at teacher device 108), to the
user (e.g., at the student device 202 of the user), or another
suitable entity, based on the learning performance informa-
tion indicating the user’s learning of the content is below a
defined learning performance level.

[0043] In various exemplary embodiments, the feedback
information includes neuroimaging measurements captured
via one or more NIRS sensors included on or within a
neurofeedback device 102 worn by the user during the
learning experience. In some additional embodiments, the
feedback can also include neuroimaging measurements cap-
tured via one or more EEG sensors included on or within the
neurofeedback device 102. For example, in the embodiment
shown, the neurofeedback device 102 includes one or more
NIRS sensors 316 and one or more EEG sensors. The
neurofeedback device 102 can further include the appropri-
ate circuitry to facilitate operation of the one or more NIRS
sensors (e.g., light emitters, light detectors, etc.,) and the one
or more EEG sensors (e.g., electrodes and conductive wir-
ing). In various embodiments, the neurofeedback device 102
can also include suitable communication hardware and
software (e.g., a transmitter, transceiver, etc.) to facilitate
wired or wireless communication of captured neuroimaging
measurements to an external device, such as the learning
performance server device 106, the student device 202
and/or teacher device 108.

[0044] NIRS is a spectroscopic method that uses the
near-infrared region of the electromagnetic spectrum (from
about 700 nanometer (nm) to 2500 nm). The primary
application of NIRS to the human body uses the fact that the
transmission and absorption of NIR light in human body
tissues contains information about hemoglobin (Hb) con-
centration changes. Functional near-infrared spectroscopy
(INIRS) is a haemodynamic neuroimaging technology that
indirectly measures neuronal activity in the cortex of the
brain via neuro-vascular coupling. fNIRS works by quanti-
fying Hb concentration changes in the brain based on optical
intensity measurements, measuring the same hemodynamic
changes as functional magnetic resonance imaging (fMRI).
The most commonly used form of fNIRS uses infrared light,
introduced at the scalp, to measure changes in blood oxy-
genation as oxygenated -Hb converts to deoxygenated-Hb
during neural activity (e.g., the cerebral haemodynamic
response). fNIRS uses specific wavelengths of light to
provide measures of cerebral oxygenated and deoxygenated
Hb that are correlated with the fMRI blood-oxygenation-
level-dependent (BOLD) signal.
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[0045] For example, in various embodiments, the neuro-
feedback device 102 can have a configuration such that one
or more NIRS sensors 316 are placed at one or more
locations around the head of a user, including but not limited
to: the prefrontal cortex (PFC), the lateral prefrontal cortex
(LPFC), the bilateral ventral lateral prefrontal cortex
(VLPFC), and the medial and lateral orbitofrontal cortex
(OFC). The NIRS sensors 316 can thus capture hemody-
namic measurements from different regions of the brain,
allowing for determining characteristics of the subjects
cognitive state through the use of pattern classification. For
example, in various embodiments, the one or more NIRS
sensors 316 can capture neuroimaging measurements
including changes in oxygenated-Hb levels in the different
areas of the brain by measuring changes in the concentration
of oxygenated and deoxygenated-Hb as well as the changes
in the redox state of cytochrome-c-oxidase (Cyt-Ox) by their
different specific spectra in the near-infrared range between
700-1000 nm. These neuroimaging measurements can fur-
ther be provided to the feedback component 302 as they are
captured (e.g., in real-time or substantially real-time) to
facilitate assessment of the cognitive state of the user during
or after participation in the learning experience (e.g., via
assessment component 304).

[0046] In some embodiments, fNIRS can provide an
attractive method for continuous monitoring of brain
dynamics fNIRS is safe, highly portable, user-friendly and
relatively inexpensive, with rapid application times and
near-zero run-time costs.fNIRS also offers a compromise
between the spatial resolution of fMRI and temporal reso-
lution of EEG. The superior spatial resolution (localization
of activation) of fNIRS relative to EEG allows for greater
accuracy in identifying specific brain regions responding to
changes in workload. The superior temporal resolution
(higher sampling rate) of fNIRS relative to fMRI affords
improved statistical power when analyzing changes in the
shape of the hemodynamic response.

[0047] The electroencephalogram or electroencephalogra-
phy (EEG) is an electrophysiological monitoring method to
record electrical activity of the brain. It is typically nonin-
vasive, and uses one or more EEG sensors 318 (e.g,
electrodes) placed along the scalp. EEG measures voltage
fluctuations resulting from ionic current within the neurons
of the brain. Scalp EEG activity shows oscillations at a
variety of frequencies. Several of these oscillations have
characteristic frequency ranges, spatial distributions and are
associated with different states of brain functioning. Voltage
fluctuations are measured at multiple sites on the scalp using
electrodes that make resistive or capacitive contact to the
subject. Example brain signals are EEG data, event-related
potentials (ERP) and other brain electrical responses that are
manifest in the time and/or frequency domain. Patterns in
EEG measurements have been successfully related to mental
activity associated with levels of attention, familiarity, men-
tal effort, working memory, linguistic acquisition, social
learning, and mediation levels. In various embodiments, the
one or more EEG sensor can capture measurements associ-
ated with but not limited to: mu waves, theta waves, delta
waves, beta waves, alpha waves, gamma waves, and waves
associated with homologous frontal brain sites.

[0048] In some embodiments, in addition to neurofeed-
back captured via one or more neuroimaging sensors (e.g.,
NIRS sensors 316 and/or EEG sensors 318), the feedback
component 302 can further receive feedback associated with
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facial expressions and/or body language of the user that can
be correlated to characteristics of the mental state of the user.
For example, system 300 can employ various existing emo-
tion/mental state recognition technologies that can deter-
mine a user mental or emotional state based on analysis of
facial expressions, eye movement, and/or body language of
the user captured in video or one or more images of the user.
With facial emotion detection, algorithms can detect faces
within a photo or video, and sense micro expressions by
analyzing the relationship between points on the face, based
on curated databases compiled in academic environments.
According to these embodiments, the neurofeedback device
102, the student device 202 or another device (not shown)
can capture video or image data of the user during partici-
pation in the learning experience. For example, in some
embodiments, the neurofeedback device 102 or the student
device 202 can include a HUD device including a user
facing camera or image sensor that can capture facial
expressions and/or eye movements of the user during a
learning experience. In another example, a user facing
camera can be included on a device such as a tablet,
smartphone, desktop or laptop computer employed by the
user and capture facial expressions and/or eye movements of
the user during a presentation. In another example, an
external user facing camera can be included in a same room
as the user or a group of users and capture facial expressions
and/or eye movements of the respective users. In some
implementations, motion data that can be correlated to body
language (e.g., gestures, fidgeting, remaining relatively still,
changing a body position, blinking, foot tapping, etc.) and
further correlated to mental states of the user can be captured
via one or more motion sensors worn by the user. For
example, the one or more motion sensors can be included on
or within the neurofeedback device 102, the student device
202 or another device. In one implementation, the neuro-
feedback device 102, the student device 202 or the other
device can further send the image data and/or motion data to
the feedback component 302 for processing by the assess-
ment component 304 to determine mental state characteris-
tics based on detected facial expressions, eye movements
and/or body language. Alternatively, the neurofeedback
device 102, the student device 202 or the other device can
process the image data and/or motion data and send pro-
cessed information mental state characteristics of the user to
the feedback component 302.

[0049] The assessment component 304 can analyze feed-
back received from the feedback component 302 regarding
mental functioning of a user (e.g., neuroimaging feedback,
facial expression feedback and/or body language feedback)
in association with participation in a learning experience to
determine various characteristics about the learning perfor-
mance of the user. For example, the assessment component
304 can identify patterns in received neuroimaging mea-
surements that correlate to defined quantitative and/or quali-
tative performance levels with respect to defined cognitive
function areas, including but not limited to: attention, famil-
iarity, mental effort, working memory, linguistic acquisition,
social learning, and mediation. In particular, in embodiments
in which the feedback component 302 receives neuroimag-
ing measurements from one or more NIRS sensors posi-
tioned at defined areas on a student’s scalp, the neuroimag-
ing measurements can include changes in oxygenated-Hb
levels in the different areas of the brain over time. The
assessment component 304 can identify patterns in the
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changes in the oxygenated-Hb levels in the different areas of
the brain over time that have been previously associated
with information accessible to the assessment component
304 (e.g., stored in memory 314) correlating the patterns to
performance levels of different cognitive states, including
workload and mental stress, working memory performance
and attention.

[0050] For example, the assessment component 304 can
determine a level or degree of mental workload or stress of
a user based on the amount and degree of increase in
oxygenated-Hb in defined areas of the brain over time.
Various studies have shown a linear relationship between
task workload and haemodynamics where the difficulty of
the task at hand does not exceed the cognitive capacity of
participant. In particular, these studies have found a linear
correlation between an increase in workload or mental stress
and an increase in oxygenated-Hb in various regions in the
brain (e.g., the left medial/orbito frontal cortex and the
bilateral ventral lateral prefrontal cortex (PFC)). In addition,
the presence of a negative quadratic slope during fNIRS
monitoring of workload dynamics has been found to be
indicative of task overload. Further, increase in mental stress
or effort has been observed based on asymmetry of oxygen-
ated-Hb levels in the left and right hemispheres of the PFC.

[0051] Inanother example, the assessment component 304
can determine a level or degree of working memory perfor-
mance based on the amount and/or degree of increase in
oxygenated-Hb in defined areas of the brain over time.
Working memory refers to the process of actively maintain-
ing relevant information for defined periods of time. Work-
ing memory is a key function for various cognitive processes
such as planning and reasoning, and these processes are
important for intellectual work. Furthermore, working
memory performance is higher in healthy individuals com-
pared with patients with certain psychiatric disorders, such
as schizophrenia, depression, and bipolar disorder. Various
studies have shown that better working memory perfor-
mance is correlated with elevated oxygenated-Hb levels
(e.g., with respect to a threshold or baseline level) in the
LPFC. In addition, the assessment component 304 can
determine a level or degree of user attention based on
comparison of levels of oxygenated-Hb in the right and left
hemispheres of the PFC relative. In particular, increased
attention levels have been observed when the amount of
oxygenated-Hb in the right hemisphere is greater than that of
the left hemisphere.

[0052] Further, in embodiments in which the feedback
component 302 receives neuroimaging measurements from
EEG sensors positioned at defined areas on a student’s scalp,
the neuroimaging measurements can include brain waves
generated from different areas of the brain over time. The
assessment component 304 can further identify patterns in
brain waves generated from different areas of the brain over
time that have been previously associated within informa-
tion accessible to the assessment component 304 (e.g,
stored in memory 314) correlating the patterns to perfor-
mance levels of different cognitive states, including but not
limited to: attention, familiarity, mental effort, working
memory, linguistic acquisition, social learning, and media-
tion. For example, the assessment component 304 can
determine user attention levels based on patterns in the ratio
of theta to beta waves, wherein inattentiveness is reflected
by greater theta activity. In another example, the assessment
component 304 can determine information regarding atten-
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tion levels and memory retention based on patterns in
gamma waves. In another example, the assessment compo-
nent 304 can determine information regarding working
memory based on patterns in theta waves. In another
example, the assessment component 304 can determine
information regarding linguistic acquisition based on delta
activity. In another example, the assessment component 304
can determine information regarding active thinking based
on beta activity. In another example, the assessment com-
ponent 304 can determine information regarding social
learning, based on mu rhythms and arousal based on obset-
vation of hemispheric frontal alpha asymmetry (HFAA).

[0053] Accordingly, based on observed patterns in neu-
roimaging measurements received from a user in association
with participation in a learning experience, the assessment
component 304 can determine learning performance infor-
mation for the user regarding the user’s learning of content
presented to the user in the learning experience. In some
embodiments, the learning information can include values
representative of the quantitative and/or qualitative cogni-
tive performance of the user with respect to one or more of
the defined cognitive function areas (e.g., attention, famil-
iarity, mental effort, working memory, linguistic acquisition,
social learning, and mediation). For example, with respect to
an arbitrary scale wherein a score of 1 indicates extremely
poor performance and 10 indicates extremely high perfor-
mance, based on patterns in received neuroimaging data, the
assessment component 304 can determine a user attention
level is an 8, familiarity level is 6, mental effort level is a 6,
working memory level is a 7, linguistic acquisition level is
a 6, etc. The assessment component 304 can further deter-
mine a general or overall learning performance score rep-
resentative of the user’s learning of content associated with
the received feedback based on performance scores in each
of the defined cognitive function areas. In some embodi-
ments, performance scores in the respective cognitive func-
tion areas can be weighted based on a predetermined degree
to which the respective cognitive function areas represent
overall learning performance with respect to the particular
learning experience and/or content being taught. For
example, in association with evaluating learning perfor-
mance with respect a learning experience that involves a
significant amount of reading comprehension, working
memory functioning can be weighted higher than social
learning or mediation. It should be appreciated that other
scales and scoring mechanisms can be used to value learning
performance with respect to different cognitive function
areas and that the particular cognitive function areas that are
evaluated can vary based on the type of learning experience
and the cognitive areas considered relevant to the type of
learning experience. academic institution, the student, the
teacher, etc.

[0054] In some embodiments, the assessment component
304 can analyze all the feedback received for a user during
a learning experience after completion of the learning expe-
rience to evaluate the student learning performance for the
learning experience. For example, after the learning expe-
rience is completed, the assessment component 304 can
determine learning performance scores for a user in each
evaluated cognitive function area that reflect the user aver-
age learning performance in each cognitive function area. In
another example, after the learning experience is completed,
the assessment component 304 can determine a single
overall learning performance score representative of the user
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overall learning performance with respect to the learning
experience based in part on the user average performance in
one or more of the cognitive function areas.

[0055] In other embodiments, the assessment component
304 can continually or regularly analyze feedback received
for a user over the course of the learning experience to
monitor the user’s learning performance over the course of
the learning experience. The assessment component 304 can
further identify feedback indicative of poor learning perfor-
mance as soon as it is received (e.g., in real-time) so that the
notification component 306 can notify the user, the user’s
teacher, or another suitable entity immediately. In particular,
the assessment component 304 can determine, based on one
or more patterns in received neuroimaging measurements
over time, if a student demonstrates a low learning perfor-
mance state in one or more of the defined cognitive function
areas and/or if a student demonstrates a low learning pet-
formance in general based on combined scores for two or
more defined cognitive function areas. For example, the
assessment component 304 can determine that a user’s
working memory performance level is currently below a
desired performance level based on received neurofeedback
measurements indicating the level of oxygenated-Hb in the
LPFC region of the user’s brain has remained below a
defined level for over a defined period of time. In another
example, the assessment component 304 can determine that
a user’s overall learning performance is currently below a
desired performance level based on received neurofeedback
measurements indicating the user’s performance in two or
more combined cognitive function areas reflects an overall
learning performance score that is below a threshold overall
learning performance score.

[0056] The notification component 306 can further gener-
ate notifications based on a user learning performance
results. In particular, in various embodiments, the notifica-
tion component 306 can generate a notification based on a
determination, by assessment component 304, that a student
learning performance is below a desired performance level
(e.g., with respect to a threshold performance level or score).
For example, the notification component 306 can generate a
notification based on a determination that a user overall
learning performance score is below a threshold learning
performance score, either during the learning experience or
after the learning experience. In another example, the noti-
fication component 306 can generate a notification based on
a determination that a user’s learning performance in a
particular cognitive function area is below a desired level,
either during the learning experience or after the learning
experience.

[0057] The information included in a notification can vary.
In some embodiments, the notification can identify the
student and state generally that the student’s performance
level is below a desired performance level. For example, the
notification component 306 can generate a notification that
states “Erin is struggling with this material.” In other
embodiments, the notification can provide a measure or
score that represents the user’s low performance level. For
example, the notification component 306 can generate a
notification that states “Erin’s learning performance level is
currently at about 50% relative to the desired level of 75%
or higher.” In another embodiment, the notification can
identify the one or more defined cognitive function areas
that the user is exhibiting a low performance level in and/or
provide measures or scores representative of the specific
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performance levels observed in each of the cognitive func-
tion areas. For example, the notification component 306 can
generate a notification that states “Erin’s attention level is
currently about a level 5 and her working memory perfor-
mance is at about a level 4,” wherein the recipient of the
notification has knowledge of the significance of the scoring
mechanism.

[0058] In various embodiments, the notification compo-
nent 306 can further send the notifications to the student
(e.g., at the student’s student device 202), the student’s
teacher (e.g., at the teacher device 108), or another suitable
entity (e.g., the student’s parent, tutor, etc.), in response to
generation of the notification. According to these embodi-
ments, the student, the student’s teacher, or the other suitable
entity can receive notifications regarding low student per-
formance as soon as it is detected (e.g., via assessment
component 304). For example, in embodiments in which the
assessment component 304 regularly or continuously deter-
mines when a user’s learning performance falls below a
desired level throughout a learning experience, the notifi-
cation component 306 can generate and send a notification
regarding the user’s drop in learning performance during the
learning experience (e.g., as soon as the drop in performance
occurs and is detected by assessment component 304). In
another example, in embodiments in which learning perfor-
mance evaluation is performed by the assessment compo-
nent 304 after completion of the learning experience, the
notification component 306 can generate and send a notifi-
cation regarding the user learning performance for the
learning experience as soon as the learning experience is
completed. By receiving real-time or substantially real-time
notifications regarding learning performance during or
immediately following a learning experience, the student,
the teacher, or the other suitable entity can react accordingly
in attempts to improve the student learning performance
and/or understanding of the content being taught before
becoming too far behind.

[0059] In other embodiments, one or more notifications
generated for a student can be stored in a queue and accessed
by the student, the student’s teacher, or the other suitable
entity, on demand In some implementations, the notification
component 306 can alert the student, teacher, or other
suitable entity when a notification has been generated
regarding the student’s low leaming performance The stu-
dent, teacher or other suitable entity can then request and
receive the full notification when appropriate. For instance,
while teaching a class, a teacher can receive alert messages
at the teacher’s teacher device indicating when a student is
exhibiting low learning performance and indicating that a
notification with more information regarding the student
learning performance has been generated. In some embodi-
ments, the alert messages can identify the particular students
exhibiting the low learning performance The teacher can
then review the notifications on a break period and address
the students learning issues after or during the break period.

[0060] The communication component 310 can facilitate
wireless communication between the learning performance
server device 106, and the one or more neurofeedback
devices 102, the one or more student device 202, the teacher
device 108, or another suitable external device (not shown).
For example, the communication component 310 can
receive feedback information from neurofeedback device
102, and/or student devices 202 regarding the mental func-
tioning/activity of a user during a learning experience. In
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another example, the communication component 310 can
send notification messages and/or alert messages to the one
or more student device 202, the teacher device 108 and/or
another suitable device. The communication component 310
can be or include hardware (e.g., a central processing unit
(CPU), a transceiver, a decoder), software (e.g., a set of
threads, a set of processes, software in execution) or a
combination of hardware and software that facilitates the
various type of wireless communicating information of
information described herein.

[0061] It should be appreciated that the architecture of
system 300 can vary. For example, although various com-
ponents of system 300 (e.g., the feedback component 302,
the assessment component 304, and the notification compo-
nent 306) are provided on a server device (e.g., a learning
performance server device 106), in other embodiments, any
number of different types of devices can be associated with
or include the aforementioned components. All such
embodiments are envisaged. For example, one or more of
the components included at the learning performance server
device 106 can be located at another device, such as the
neurofeedback device 102, the student device 202, and/or
the teacher device 108. Still in other embodiments, one or
more components, features and functionalities of the neu-
rofeedback device 102, the student device 202 and/or the
learning performance server device 106 can be combined.
For example, in one embodiment, a system is envisioned
wherein the features and functionalities of the learning
performance server device 106 are provided on the student
device 202 and the learning performance server device 106
is removed from the system. According to this embodiment,
the neurofeedback device 102 can provide neuroimaging
feedback and possibly image and motion data feedback
(e.g., captured via a camera and/or motion sensor) regarding
the mental functioning of the user to the user’s student
device 202. The student device 202 can further include
suitable hardware and software that facilitates processing the
feedback, generating notifications and alerts regarding low
learning performance levels, providing or sending the noti-
fications and alerts to the student or the student’s teacher,
reviewing monitored learning performance information over
time, etc. Still in yet another embodiment, the features and
functionalities of the neurofeedback device 102, the student
device 202 and the learning performance server device 106
can be included in a single device worn by the user.

[0062] FIG. 4 illustrates a block diagram of another
example, non-limiting system 400 that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein. System
400 can include the same or similar features as system 300
with the addition of report component 402, review compo-
nent 404 and learning performance information database
406 to the learning performance server device 106. Repeti-
tive description of like elements employed in respective
embodiments is omitted for sake of brevity.

[0063] In various embodiments, in addition to generating
notifications regarding student learning performance (par-
ticularly notifications regarding low or poor student perfor-
mance), the learning performance server device 106 can
include report component 402 to generate and store learning
performance assessment information that evaluates a stu-
dent’s collective learning performance for a given learning
experience. For example, the learning performance infor-
mation for a student can be in the form of a report that
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includes a summary of the assessment of the student learn-
ing performance for a given learning experience. The report
component 402 can further generate and store learning
performance evaluations or reports for a student for various
learning experiences the student participates in over time. In
addition, the report component 402 can generate learning
performance for each student that participates in a particular
learning experience (e.g., each student in the class). The
learning performance reports or assessments can be col-
lected and stored by the learning performance server device
106 in a learning performance information database 406
(e.g., in memory 314). The learning performance informa-
tion database 406 can also store notifications generated by
the notification component 306.

[0064] The information included in a learning assessment
report can vary depending on the assessment capabilities of
the assessment component 304. In some embodiments, a
learning assessment report can include information identi-
fying an overall learning performance score for a student
with respect to a particular learning experience. In another
embodiment, the report can include average learning pet-
formance scores for the student with respect to each moni-
tored cognitive function area. In another embodiment, the
assessment component 304 can regularly or continuously
determine a student’s average learning performance score or
learning performance scores in respective cognitive function
areas at different points in time throughout a learning
experience. According to this embodiment, the learning
assessment report can include a graph that charts the student
learning performance scores over time for the duration of the
learning experience. In another embodiment, a learning
assessment report can include information indicating
whether and when low learning performance was observed
over the course of a learning experience and what cognitive
function areas the low learning performance was observed
in. In some embodiments, the reports can include notifica-
tion information. For example, a learning assessment report
can identify the number of low learning performance noti-
fications generated, the scores associated with the low
learning performance notifications, the cognitive function
areas associated with the low learning performance notifi-
cations, and the time when a notification was generated (e.g.,
point or period of time in the learning experience). The
learning assessment report can also include the actual noti-
fications or links to the actual notifications.

[0065] The review component 404 can facilitate reviewing
learning performance assessments or reports and notifica-
tions stored in the learning performance information data-
base 406. For example, the review component 404 can allow
a student, the student’s teacher, or another suitable entity to
access, review, and/or download learning performance
evaluations/reports and/or notifications for the student
stored within the learning performance information database
406. In some embodiments, the communication component
310 can send generated reports to the student (e.g., at the
student device 202 of the student), the student’s teacher
(e.g., as the teacher device 108), or another suitable entity
(e.g., the student’s parent, tutor, etc.) in response to genera-
tion of the reports by the report component 402. Accord-
ingly, the student, the student’s teacher, the student’s parent,
etc., can regularly track the student’s learning progress over
time to determine whether the student is improving or falling
behind, and/or to determine what cognitive performance
areas the student needs to work. In addition, the teacher can
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access reports generated for a group of students associated
with a same learning experience (e.g., a same class, a same
lecture, etc.) and can compare the learning performances of
students relative to one another to determine collectively
how the respective student learning performance varies. For
example, the teacher can go back and look at the collective
learning performance feedback for a class as a whole to learn
how the students react to specific tasks (e.g., like lecture,
individual work, small group work, exams, etc.) and adjust
their lesson plans accordingly to try and make their time
with the students more effective. For instance, the teacher
can determine whether most students struggled with the
material or just a small subset of the students. In another
example, the teacher can determine whether most students
had trouble focusing on the lesson or whether just a few of
the students had trouble. In another example, the teacher can
determine what material the students find particularly diffi-
cult, interesting, easy, etc., and adjust their curriculum or
teaching techniques accordingly.

[0066] In some embodiments in which a video and/or
audio recording of the learning experience is captured, the
video or audio recording can also be provided to and stored
by the learning performance server device 106. According to
these embodiments, the review component 404 can also
facilitate reviewing learning performance reports in asso-
ciation with the recorded video and/or audio. For example,
the review component 404 can facilitate streaming of the
video and/or audio recording of the learning experience to
the teacher device 108 in association with review of learning
performance information generated for one or more students
participating in the learning experience. The teacher can thus
manually review what the information was being presented
when students exhibited low learning performance in vari-
ous cognitive areas and determine when and why some
students may have demonstrated low learning performance
The teacher can then adapt her teaching techniques and
curriculum accordingly.

[0067] FIG. 5 illustrates a block diagram of another
example, non-limiting system 500 that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein. System
500 can include same or similar features as system 400 with
the addition of content correlation component 502 to the
learning performance server device 106. Repetitive descrip-
tion of like elements employed in respective embodiments is
omitted for sake of brevity.

[0068] As described above, in some embodiments, the
review component 404 can facilitate manually reviewing a
video and/or audio recording of a learning experience to
correlate different content being discussed and/or presented
with low student learning performance feedback. In other
embodiments, the learning performance server device 106
can include content correlation component 502 to automati-
cally correlate content being discussed or presented in a
learning experience with low learning performance feed-
back to automatically identify the particular content a stu-
dent struggled with. Once the content correlation component
502 has determined a particular part of the content included
in the learning material that was being presented or dis-
cussed during a learning experience when low learning
performance was observed, the content can further be iden-
tified in a low learning performance notification or learning
performance assessment report.
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[0069] 1In particular, the content correlation component
502 can automatically correlate feedback indicating a low
learning performance with a specific part of the content
included in the learning experience that was being presented
or discussed at the time the feedback was received. For
instance, in one or more embodiments, the learning perfor-
mance server device 106 can have access to information
identifying content included in a learning material, such as
a presentation, a lecture, an exam, etc., (e.g., in memory 314
or at another device). For example, in embodiments in which
the presentation is a live presentation, the learning perfor-
mance server device 106 can have access to information that
identifies different topics and/or sub-topics included in the
presentation and content respectively associated with the
different topics and/or sub-topics. In another example in
which the presentation includes a live or recorded presen-
tation that includes a slideshow, the learning performance
server device 106 can have access to information identifying
content included in respective slides of the slideshow and/or
content associated with different parts or elements of a single
slide.

[0070] Insome embodiments, the content correlation com-
ponent 502 can determine a part of the content included in
a presentation that is associated with reception of user
feedback based on timing of reception of the feedback and
a current time point or time frame associated with the
presentation. For example, the presentation can include a
live or recorded presentation associated with a known dura-
tion wherein particular parts or content included in the
presentation are associated with known time points or time
frames over the duration of the presentation. For example,
with respect to a presentation including a plurality of known
topics identified as topic 1, topic, 2, topic 3, etc., each (or,
in some embodiments, one or more) of the different topics
can be associated with known time points or time frames
throughout the presentation. Information regarding content
respectively associated with different time points or time
frames of the presentation can be stored in memory 314 or
otherwise accessible to the content correlation component
502. Accordingly, as a presentation is being presented, the
content correlation component 502 can determine a time
point or time frame of the presentation associated with
reception of the feedback. For example, in some implemen-
tations, the learning performance server device 106 can
receive information identifying the start time of the presen-
tation and track the presentation time following the start of
the presentation. In another example, in implementations in
which the presentation includes a video, the learning per-
formance server device 106 can receive information identi-
fying a current time in the video when the feedback is
received. In some embodiments, the learning performance
server device 106 can play the video or stream the video to
the user’s user device (e.g., student device 202) and thus
correlate received feedback with a current time point or time
frame of the video. The content correlation component 502
can further identify the particular content of the presentation
(e.g., topic 1, topic, 2, topic, 3, etc.) associated with that time
point or time frame.

[0071] In another embodiment in which the presentation
includes a slideshow, the content correlation component 502
can have access to information (e.g., stored in memory 314
or at another device) identifying content of the presentation
respectively associated with each slide (or, in some embodi-
ments, one or more slides). The content correlation compo-
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nent 502 can further determine or receive information iden-
tifying a current slide that is being presented during a
presentation at a time when the feedback is received. For
example, in some embodiments, the learning performance
server device 106 can provide or render the respective slides
and thus have direct knowledge about what slide is currently
being presented. In some implementations, the content cor-
relation component 502 can further have access to informa-
tion identifying sub-topics or elements in a same slide and
determine the particular sub-topic or element of a same slide
that is being presented at the time feedback is received. For
example, the slides can include interactive slides in which
different elements or parts of a single slide can be activated
or highlighted. According to this implementation, the con-
tent correlation component 502 can determine the particular
sub-topic or element being presented at the time feedback is
received based on information indicating a particular part or
element of the slide is being pointed to, highlighted, selected
or otherwise activated.

[0072] Sill in other embodiments, the learning perfor-
mance server device 106 can include or have access to
information associating known keywords in a presentation
with specific parts of the content of the presentation. Accord-
ing to these embodiments, the feedback component 302 can
receive or determine information identifying a known key-
word that is spoken during the presentation at a time
associated with reception of the feedback. For example, the
content correlation component 502 can include or employ
speech recognition hardware and software to identify key-
words spoken throughout the presentation included in an
audio recording of the presentation. The content correlation
component 502 can further determine a keyword (or key-
words) spoken at time associated with reception of the
feedback and further correlate the feedback with the known
part of the content associated with the keyword (or key-
words).

[0073] FIG. 6 illustrates a block diagram of another
example, non-limiting system 600 that facilitates monitoring
learning performance using neurofeedback in accordance
with one or more embodiments described herein. System
500 can include same or similar features as system 400 with
the addition of aggregation component 602 to the learning
performance server device 106. Repetitive description of
like elements employed in respective embodiments is omit-
ted for sake of brevity.

[0074] In some embodiments, the learning performance
server device 106 can include aggregation component 602 to
aggregate learning performance information generated for a
single student or a group of students over time. The aggre-
gation component 602 can further analyze the aggregated
learning performance information to identify and predict
various types of information that can be used to evaluate and
improve student learning performance. For example, in one
implementation, the aggregation component 602 can aggre-
gate learning performance information for a single student
generated in associating with participation of the student in
learning experiences associated with different learning expe-
riences over time, different types of learning experiences,
different teachers, different subjects, different types of con-
tent, different durations of learning experiences, different
times of day of the learning experiences, different academic
institutions providing the learning experiences, etc. The
aggregation component 602 can further process the aggre-
gated information using root cause analysis techniques to
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identify patterns in the information regarding the user’s
learning performance For example, the aggregation compo-
nent 602 can identify factors that tend to contribute to low
learning performance in general and/or low learning perfor-
mance in certain cognitive function areas, including but not
limited to: the type of learning experience, the teacher, the
subject, the type of content, duration of the learning expe-
rience, the time of day of the learning experience, the
academic institution providing the learning experience, etc.
The aggregation component 602 can further aggregate learn-
ing performance information for different students with
respect to the various areas described above to further
identify correlations between common factors associated
with poor learning performance For example, the aggrega-
tion component 602 can identify certain types of learning
experiences, certain types of subject, certain types of con-
tent, etc., that many students tend to demonstrate low
learning performance levels towards. The aggregation com-
ponent 602 can further regularly track learning performance
progress of students after various changes to teaching meth-
ods have been adopted to determine whether the changes
contributed to improved learning performance Likewise, the
aggregation component 602 can identify certain teachers or
teaching methods that contribute to low learning perfor-
mance levels and track the performance of the teachers over
time with respect to their ability to facilitate improving the
learning performance of their students.

[0075] In order to provide for or aid in the numerous
inferences described herein, the aggregation component 602
can examine the entirety or a subset of the data to which it
is granted access and can provide for reasoning about or
infer states of the system (e.g., system 600 and the like),
environment, etc. from a set of observations as captured via
events and/or data. An inference can be employed to identify
a specific context or action, or can generate a probability
distribution over states, for example. The inference can be
probabilistic (e.g., the computation of a probability distri-
bution over states of interest can be based on a consideration
of data and events). An inference can also refer to techniques
employed for composing higher-level events from a set of
events and/or data.

[0076] Such an inference can result in the construction of
new events or actions from a set of observed events and/or
stored event data, whether or not the events are correlated in
close temporal proximity, and whether the events and data
come from one or several event and data sources. Various
classification (explicitly and/or implicitly trained) schemes
and/or systems (e.g., support vector machines, neural net-
works, expert systems, Bayesian belief networks, fuzzy
logic, data fusion engines, etc.) can be employed in connec-
tion with performing automatic and/or inferred action in
connection with the claimed subject matter.

[0077] A classifier can map an input attribute vector,
x=(x1, x2, x4, x4, xn), to a confidence that the input belongs
to a class, such as by f(x)=confidence(class). Such classifi-
cation can employ a probabilistic and/or statistical-based
analysis (e.g., factoring into the analysis utilities and costs)
to prognose or infer an action that a user desires to be
automatically performed. A support vector machine (SVM)
is an example of a classifier that can be employed. The SVM
operates by finding a hyper-surface in the space of possible
inputs, where the hyper-surface attempts to split the trigger-
ing criteria from the non-triggering events. Intuitively, this
makes the classification correct for testing data that is near,
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but not identical to training data. Other directed and undi-
rected model classification approaches include, e.g., naive
Bayes, Bayesian networks, decision trees, neural networks,
fuzzy logic models, and probabilistic classification models
providing different patterns of independence can be
employed. Classification as used herein also is inclusive of
statistical regression that is utilized to develop models of
priority.

[0078] FIG. 7 illustrates a flow diagram of an example,
non-limiting computer-implemented method 700 that facili-
tates that facilitates monitoring learning performance using
neurofeedback in accordance with one or more embodi-
ments described herein. Repetitive description of like ele-
ments employed in other embodiments described herein is
omitted for sake of brevity.

[0079] At 702, a device operatively coupled to a processor
(e.g., learning performance server device 106 or a student
device 202) can receive feedback information (e.g., via
feedback component 302) regarding mental function of a
user in association with participation in a learning experi-
ence, wherein the feedback information is captured via a
NIRS sensor worn by the user (e.g., one or more NIRS
sensors 316). For example, the feedback information can
include haemodynamic and metabolic information captured
from the user via a neurofeedback device (e.g., neurofeed-
back device 102) worn by the user while the user engages in
a live or recorded lecture, exam, group learning experience,
self-study period, etc.). The haemodynamic information can
indicate quantitative or qualitative measures of mental func-
tioning of the user with respect to one or more defined
cognitive function areas (e.g., working memory perfor-
mance levels, stress/mental workload levels, and/or atten-
tion levels of the user).

[0080] At 704, the device can determine learning perfor-
mance information for the user regarding the user based on
the feedback information, wherein the learning performance
information reflects the user’s learning of content presented
to the user in the learning experience (e.g., via assessment
component 304). For example, the device can analyze the
feedback information to identify patterns associated with
concentrations of oxygenated-Hb levels in different areas or
regions of the brain to determine values or scores represen-
tative of working memory performance levels, mental stress
levels, and/or attention levels of the user over the course of
the learning experience, wherein the respective values or
scores, (or combinations of the respective values of scores),
reflect different degrees of learning performance quality
levels exhibited by the user (e.g., from an extremely good or
high quality learning performance level to an extremely poor
or low quality learning performance level). At 706, the
device can further generate a notification based on the
learning performance information indicating the user’s
learning of the content is below a defined learning perfor-
mance level (e.g., via notification component 306). For
example, the device can determine that the learning perfor-
mance information indicates that the learning performance
level of the user in one or more cognitive function areas is
below a threshold or optimal learning performance level.

[0081] FIG. 8 illustrates a flow diagram of another
example, non-limiting computer-implemented method 800
that facilitates that facilitates monitoring learning perfor-
mance using neurofeedback in accordance with one or more
embodiments described herein. Repetitive description of
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like elements employed in other embodiments described
herein is omitted for sake of brevity.

[0082] At 802, a device operatively coupled to a processor
(e.g., learning performance server device 106 or a student
device 202) can receive feedback information (e.g., via
feedback component 302) regarding mental activity of a user
in a learning environment, wherein the feedback information
is captured via a NIRS sensor worn by the user (e.g., one or
more NIRS sensors 316). For example, the feedback infor-
mation can include haemodynamic and metabolic informa-
tion captured from the user via a neurofeedback device (e.g,,
neurofeedback device 102) worn by the user while the user
engages in a live or recorded lecture, exam, group learning
experience, self-study period, etc.). At 804, the device
determines learning performance information for the user
based on the first feedback information (e.g., using assess-
ment component 304), wherein the learning performance
information comprises learning performance levels of the
user with respect to defined cognitive function areas asso-
ciated with the mental activity of the user including deter-
mining performance levels of the user with respect to
defined cognitive function areas associated with the mental
activity of the user (e.g., working memory performance
levels, stress/mental workload levels, and/or attention levels
of the user).

[0083] At 806, the device generates a notification based on
the learning performance information indicating the user’s
learning performance is below a defined learning perfor-
mance level (e.g., via notification component 306). For
example, the device can determine that the learning perfor-
mance information indicates that the learning performance
level of the user in one or more cognitive function areas is
below a threshold or optimal learning performance level. At
808, the device sends, based on the generating the notifica-
tion, the notification to a first external device associated with
the first user (e.g., one of the student devices 202) or a
second external device associated with a second user respon-
sible for facilitating learning of the content by the first user
(e.g., the teacher device 108), thereby respectively prompt-
ing the first user or the second user to react to the notification
in a manner that facilitates improving the user’s learning
performance based on the notification.

[0084] FIG. 9 illustrates a flow diagram of another
example, non-limiting computer-implemented method 900
that facilitates that facilitates monitoring learning perfor-
mance using neurofeedback in accordance with one or more
embodiments described herein. Repetitive description of
like elements employed in other embodiments described
herein is omitted for sake of brevity.

[0085] At 902, a device operatively coupled to a processor
(e.g., learning performance server device 106 or a student
device 202) can receive first feedback information regarding
mental activity of a user in a learning context captured,
wherein the first feedback information is captured via a
NIRS sensor worn by the user (e.g., via feedback component
302). At 904, the device can receive second feedback
information regarding the mental function of the user in the
learning context, wherein the first feedback information is
captured via an EEG sensor worn by the user. For example,
the EEG information can include brain waves captured from
different areas of the brain over the course the learning
context. At 906, the device determines learning performance
information for the user based on the first feedback infor-
mation and the second feedback information, wherein the
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learning performance information comprises learning per-
formance levels of the user with respect to defined cognitive
function areas associated with the mental activity of the user
(e.g., attention, familiarity, mental effort, working memory,
linguistic acquisition, social learning, and mediation).
[0086] At 908, the device generates a notification based on
the learning performance information indicating the user’s
learning performance is below a defined learning perfor-
mance level (e.g., via notification component 306). For
example, the device can determine that the learning perfor-
mance information indicates that the learning performance
level of the user in one or more cognitive function areas is
below a threshold or optimal learning performance level. At
910, the device sends, based on the generating the notifica-
tion, the notification to a first external device associated with
the first user (e.g., one of the student devices 202) or a
second external device associated with a second user respon-
sible for facilitating learning of the content by the first user
(e.g., the teacher device 108), thereby respectively prompt-
ing the first user or the second user to react to the notification
in a manner that facilitates improving the user’s learning
performance based on the notification.

[0087] In order to provide a context for the various aspects
of the disclosed subject matter, FIG. 10 as well as the
following discussion are intended to provide a general
description of a suitable environment in which the various
aspects of the disclosed subject matter can be implemented.
FIG. 10 illustrates a block diagram of an example, non-
limiting operating environment in which one or more
embodiments described herein can be facilitated. Repetitive
description of like elements employed in other embodiments
described herein is omitted for sake of brevity.

[0088] With reference to FIG. 10, a suitable operating
environment 1001 for implementing various aspects of this
disclosure can also include a computer 1012. In various
embodiments, the neurofeedback device 102, the student
device 202, the learning performance server device 106 and
the teacher device 108 can be or include one or more
components, features and functionalities of computer 1012.
The computer 1012 can also include a processing unit 1014,
a system memory 1016, and a system bus 1018. The system
bus 1018 couples system components including, but not
limited to, the system memory 1016 to the processing unit
1014. The processing unit 1014 can be any of various
available processors. Dual microprocessors and other mul-
tiprocessor architectures also can be employed as the pro-
cessing unit 1014. The system bus 1018 can be any of
several types of bus structure(s) including the memory bus
or memory controller, a peripheral bus or external bus,
and/or a local bus using any variety of available bus archi-
tectures including, but not limited to, Industrial Standard
Architecture (ISA), Micro-Channel Architecture (MSA),
Extended ISA (EISA), Intelligent Drive Electronics (IDE),
VESA Local Bus (VLB), Peripheral Component Intercon-
nect (PCI), Card Bus, Universal Serial Bus (USB),
Advanced Graphics Port (AGP), Firewire (IEEE 1094), and
Small Computer Systems Interface (SCSI). The system
memory 1016 can also include volatile memory 1020 and
nonvolatile memory 1022. The basic input/output system
(BIOS), containing the basic routines to transfer information
between elements within the computer 1012, such as during
start-up, is stored in nonvolatile memory 1022. By way of
illustration, and not limitation, nonvolatile memory 1022
can include read only memory (ROM), programmable ROM
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(PROM), electrically programmable ROM (EPROM), elec-
trically erasable programmable ROM (EEPROM), flash
memory, or nonvolatile random access memory (RAM)
(e.g., ferroelectric RAM (FeRAM). Volatile memory 1020
can also include random access memory (RAM), which acts
as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as static
RAM (SRAM), dynamic RAM (DRAM), synchronous
DRAM (SDRAM), double data rate SDRAM (DDR
SDRAM), enhanced SDRAM (ESDRAM), Synchlink
DRAM (SLDRAM), direct Rambus RAM (DRRAM), direct
Rambus dynamic RAM (DRDRAM), and Rambus dynamic
RAM.

[0089] Computer 1012 can also include removable/non-
removable, volatile/non-volatile computer storage media.
FIG. 10 illustrates, for example, a disk storage 1024. Disk
storage 1024 can also include, but is not limited to, devices
like a magnetic disk drive, floppy disk drive, tape drive, Jaz
drive, Zip drive, LS-100 drive, flash memory card, or
memory stick. The disk storage 1024 also can include
storage media separately or in combination with other
storage media including, but not limited to, an optical disk
drive such as a compact disk ROM device (CD-ROM), CD
recordable drive (CD-R Drive), CD rewritable drive (CD-
RW Drive) or a digital versatile disk ROM drive (DVD-
ROM). To facilitate connection of the disk storage 1024 to
the system bus 1018, a removable or non-removable inter-
face is typically used, such as interface 1026. F1G. 10 also
depicts software that acts as an intermediary between users
and the basic computer resources described in the suitable
operating environment 1001. Such software can also
include, for example, an operating system 1028. Operating
system 1028, which can be stored on disk storage 1024, acts
to control and allocate resources of the computer 1012.
System applications 1030 take advantage of the manage-
ment of resources by operating system 1028 through pro-
gram modules 1032 and program data 1034, e.g., stored
either in system memory 1016 or on disk storage 1024. It is
to be appreciated that this disclosure can be implemented
with various operating systems or combinations of operating
systems. A user enters commands or information into the
computer 1012 through input device(s) 1036. Input devices
1036 include, but are not limited to, a pointing device such
as a mouse, trackball, stylus, touch pad, keyboard, micro-
phone, joystick, game pad, satellite dish, scanner, TV tuner
card, digital camera, digital video camera, web camera, and
the like. These and other input devices connect to the
processing unit 1014 through the system bus 1018 via
interface port(s) 1038. Interface port(s) 1038 include, for
example, a serial port, a parallel port, a game port, and a
universal serial bus (USB). Output device(s) 1040 use some
of the same type of ports as input device(s) 1036. Thus, for
example, a USB port can be used to provide input to
computer 1012, and to output information from computer
1012 to an output device 1040. Output adapter 1042 is
provided to illustrate that there are some output devices
1040 like monitors, speakers, and printers, among other
output devices 1040, which require special adapters. The
output adapters 1042 include, by way of illustration and not
limitation, video and sound cards that provide a means of
connection between the output device 1040 and the system
bus 1018. It should be noted that other devices and/or
systems of devices provide both input and output capabili-
ties such as remote computer(s) 1044.
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[0090] Computer 1012 can operate in a networked envi-
ronment using logical connections to one or more remote
computers, such as remote computer(s) 1044. The remote
computer(s) 1044 can be a computer, a server, a router, a
network PC, a workstation, a microprocessor based appli-
ance, a peer device or other common network node and the
like, and typically can also include many or all of the
elements described relative to computer 1012. For purposes
of brevity, only a memory storage device 1046 is illustrated
with remote computer(s) 1044. Remote computer(s) 1044 is
logically connected to computer 1012 through a network
interface 1048 and then physically connected via commu-
nication connection 1050. Network interface 1048 encom-
passes wire and/or wireless communication networks such
as local-area networks (LAN), wide-area networks (WAN),
cellular networks, etc. LAN technologies include Fiber
Distributed Data Interface (FDDI), Copper Distributed Data
Interface (CDDI), Ethernet, Token Ring and the like. WAN
technologies include, but are not limited to, point-to-point
links, circuit switching networks like Integrated Services
Digital Networks (ISDN) and variations thereon, packet
switching networks, and Digital Subscriber Lines (DSL).
Communication connection(s) 1050 refers to the hardware/
software employed to connect the network interface 1048 to
the system bus 1018. While communication connection
1050 1s shown for illustrative clarity inside computer 1012,
it can also be external to computer 1012. The hardware/
software for connection to the network interface 1048 can
also include, for exemplary purposes only, internal and
external technologies such as, modems including regular
telephone grade modems, cable modems and DSL modems,
ISDN adapters, and Ethernet cards.

[0091] Embodiments of the present invention may be a
system, a method, an apparatus and/or a computer program
product at any possible technical detail level of integration.
The computer program product can include a computer
readable storage medium (or media) having computer read-
able program instructions thereon for causing a processor to
carry out aspects of the present invention. The computer
readable storage medium can be a tangible device that can
retain and store instructions for use by an instruction execu-
tion device. The computer readable storage medium can be,
for example, but is not limited to, an electronic storage
device, a magnetic storage device, an optical storage device,
an electromagnetic storage device, a semiconductor storage
device, or any suitable combination of the foregoing. A
non-exhaustive list of more specific examples of the com-
puter readable storage medium can also include the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or
Flash memory), a static random access memory (SRAM), a
portable compact disc read-only memory (CD-ROM), a
digital versatile disk (DVD), a memory stick, a floppy disk,
a mechanically encoded device such as punch-cards or
raised structures in a groove having instructions recorded
thereon, and any suitable combination of the foregoing. A
computer readable storage medium, as used herein, is not to
be construed as being transitory signals per se, such as radio
waves or other freely propagating electromagnetic waves,
electromagnetic waves propagating through a waveguide or
other transmission media (e.g., light pulses passing through
a fiber-optic cable), or electrical signals transmitted through
a wire.
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[0092] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network can
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device. Computer readable program instructions for carrying
out operations of various aspects of the present invention
can be assembler instructions, instruction-set-architecture
(ISA) instructions, machine instructions, machine dependent
instructions, microcode, firmware instructions, state-setting
data, configuration data for integrated circuitry, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Smalltalk, C++, or the
like, and procedural programming languages. such as the
“C” programming language or similar programming lan-
guages. The computer readable program instructions can
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer can be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection can
be made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) can
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to customize the electronic circuitry, in order to
perform aspects of the present invention.

[0093] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions. These computer readable program instructions can be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions can also be stored in
a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
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instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks. The computer readable program instructions can
also be loaded onto a computet, other programmable data
processing apparatus, or other device to cause a series of
operational acts to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0094] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams can represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the blocks can occur out of the order
noted in the Figures. For example, two blocks shown in
succession can, in fact, be executed substantially concur-
rently, or the blocks can sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

[0095] While the subject matter has been described above
in the general context of computer-executable instructions of
a computer program product that runs on a computer and/or
computers, those skilled in the art will recognize that this
disclosure also can or can be implemented in combination
with other program modules. Generally, program modules
include routines, programs, components, data structures, etc.
that perform particular tasks and/or implement particular
abstract data types. Moreover, those skilled in the art will
appreciate that the inventive computer-implemented meth-
ods can be practiced with other computer system configu-
rations, including single-processor or multiprocessor com-
puter systems, mini-computing devices, mainframe
computers, as well as computers, hand-held computing
devices (e.g., PDA, phone), microprocessor-based or pro-
grammable consumer or industrial electronics, and the like.
The illustrated aspects can also be practiced in distributed
computing environments where tasks are performed by
remote processing devices that are linked through a com-
munications network. However, some, if not all aspects of
this disclosure can be practiced on stand-alone computers. In
a distributed computing environment, program modules can
be located in both local and remote memory storage devices.
[0096]

“system,” “platform,” “interface,” and the like, can refer to
and/or can include a computer-related entity or an entity
related to an operational machine with one or more specific
functionalities. The entities disclosed herein can be either
hardware, a combination of hardware and software, soft-
ware, or software in execution. For example, a component
can be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of

As used in this application, the terms “component,”
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execution, a program, and/or a computer. By way of illus-
tration, both an application running on a server and the
server can be a component. One or more components can
reside within a process and/or thread of execution and a
component can be localized on one computer and/or dis-
tributed between two or more computers. In another
example, respective components can execute from various
computer readable media having various data structures
stored thereon. The components can communicate via local
and/or remote processes such as in accordance with a signal
having one or more data packets (e.g., data from one
component interacting with another component in a local
system, distributed system, and/or across a network such as
the Internet with other systems via the signal). As another
example, a component can be an apparatus with specific
functionality provided by mechanical parts operated by
electric or electronic circuitry, which is operated by a
software or firmware application executed by a processor. In
such a case, the processor can be internal or external to the
apparatus and can execute at least a part of the software or
firmware application. As yet another example, a component
can be an apparatus that provides specific functionality
through electronic components without mechanical parts,
wherein the electronic components can include a processor
or other means to execute software or firmware that confers
at least in part the functionality of the electronic compo-
nents. In an aspect, a component can emulate an electronic
component via a virtual machine, e.g., within a cloud
computing system.

[0097] In addition, the term “or” is intended to mean an
inclusive “or” rather than an exclusive “or.” That is, unless
specified otherwise, or clear from context, “X employs A or
B” is intended to mean any of the natural inclusive permu-
tations. That is, if X employs A; X employs B; or X employs
both A and B, then “X employs A or B” is satisfied under any
of the foregoing instances. Moreover, articles “a” and “an”
as used in the subject specification and annexed drawings
should generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a
singular form. As used herein, the terms “example” and/or
“exemplary” are utilized to mean serving as an example,
instance, or illustration. For the avoidance of doubt, the
subject matter disclosed herein is not limited by such
examples. In addition, any aspect or design described herein
as an “example” and/or “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspects or
designs, nor is it meant to preclude equivalent exemplary
structures and techniques known to those of ordinary skill in
the art.

[0098] As it is employed in the subject specification, the
term “processor” can refer to substantially any computing
processing unit or device comprising, but not limited to,
single-core processors; single-processors with software mul-
tithread execution capability; multi-core processors; multi-
core processors with software multithread execution capa-
bility; multi-core processors with hardware multithread
technology; parallel platforms; and parallel platforms with
distributed shared memory. Additionally, a processor can
refer to an integrated circuit, an application specific inte-
grated circuit (ASIC), a digital signal processor (DSP), a
field programmable gate array (FPGA), a programmable
logic controller (PLC), a complex programmable logic
device (CPLD), a discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed
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to perform the functions described herein. Further, proces-
sors can exploit nano-scale architectures such as, but not
limited to, molecular and quantum-dot based transistors,
switches and gates, in order to optimize space usage or
enhance performance of user equipment. A processor can
also be implemented as a combination of computing pro-
cessing units. In this disclosure, terms such as “store,”
“storage,” “data store,” data storage,” “database,” and sub-
stantially any other information storage component relevant
to operation and functionality of a component are utilized to
refer to “memory components,” entities embodied in a
“memory,” or components comprising a memory. It is to be
appreciated that memory and/or memory components
described herein can be either volatile memory or nonvola-
tile memory, or can include both volatile and nonvolatile
memory. By way of illustration, and not limitation, nonvola-
tile memory can include read only memory (ROM), pro-
grammable ROM (PROM), electrically programmable
ROM (EPROM), electrically erasable ROM (EEPROM),
flash memory, or nonvolatile random access memory
(RAM) (e.g., ferroelectric RAM (FeRAM). Volatile memory
can include RAM, which can act as external cache memory,
for example. By way of illustration and not limitation, RAM
is available in many forms such as synchronous RAM
(SRAM), dynamic RAM (DRAM), synchronous DRAM
(SDRAM), double data rate SDRAM (DDR SDRAM),
enhanced SDRAM (ESDRAM), Synchlink DRAM
(SLDRAM), direct Rambus RAM (DRRAM), direct Ram-
bus dynamic RAM (DRDRAM), and Rambus dynamic
RAM (RDRAM). Additionally, the disclosed memory com-
ponents of systems or computer-implemented methods
herein are intended to include, without being limited to
including, these and any other suitable types of memory.

[0099] What has been described above include mere
examples of systems and computer-implemented methods. It
is, of course, not possible to describe every conceivable
combination of components or computer-implemented
methods for purposes of describing this disclosure, but one
of ordinary skill in the art can recognize that many further
combinations and permutations of this disclosure are pos-
sible. Furthermore, to the extent that the terms “includes,”
“has,” “possesses,” and the like are used in the detailed
description, claims, appendices and drawings such terms are
intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed
as a transitional word in a claim. The descriptions of the
various embodiments have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:
1. A system, comprising:
a memory that stores computer executable components;

a processor that executes the computer executable com-
ponents stored in the memory, wherein the computer
executable components comprise:
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a feedback component that receives first feedback
information regarding mental function of a user in
association with participation in a learning experi-
ence, wherein the first feedback information is cap-
tured via a near-infrared spectroscopy sensor worn
by the user;

an assessment component that determines learning per-
formance information for the user based on the first
feedback information, wherein the learning perfor-
mance information reflects user learning of content
presented to the user in the learning experience; and

a notification component that generates a notification
based on the learning performance information indi-
cating the user learning of the content is below a
defined learning performance level.

2. The system of claim 1, wherein the user is a first user,
and wherein based on generation of the notification, the
notification component further sends the notification to a
first external device associated with the first user or a second
external device associated with a second user responsible for
facilitating learning of the content by the first user.

3. The system of claim 1, wherein the user is a first user,
and wherein the notification component further sends the
notification to a second device associated with a second user
based on reception of a request, by the system from the
second device, for the notification, wherein the second user
is responsible for facilitating learning of the content by the
user.

4. The system of claim 1, wherein the learning perfor-
mance information comprises learning performance levels
of the user with respect to defined cognitive function areas
associated with the mental function of the user.

5. The system of claim 4, wherein the defined cognitive
function areas are selected from a group consisting of
working memory, mental effort, and attention.

6. The system of claim 4, wherein the assessment com-
ponent further determines if one or more of the learning
performance levels for one or more cognitive function areas
of the defined cognitive function areas are below a threshold
value, and wherein the notification component generates the
notification based on a determination that the one or more of
the learning performance levels are below the threshold
value, thereby facilitating improved processing time for
determining if the user is having difficulty learning the
content and for notifying a second user regarding the user’s
difficulty.

7. The system of claim 1, wherein the first feedback
information comprises haemodynamic information selected
from a group consisting of working memory performance
levels, stress levels and attention levels of the user.

8. The system of claim 1, wherein the first feedback
information comprises metabolic information representative
of a mental function area selected from a group consisting of
working memory performance levels, stress levels, and
attention levels of the user.

9. The system of claim 1, wherein the feedback compo-
nent further receives second feedback information regarding
the mental function of the user in association with the
participation in the learning experience, wherein the second
feedback information is captured via an electroencephalo-
gram sensor worn by the user, and wherein the assessment
component further determines the learning performance
information for the user based on the first feedback infor-
mation and the second feedback information, wherein the
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learning performance information comprises learning per-
formance levels of the user with respect to defined cognitive
function areas associated with the mental function of the
user.
10. The system of claim 9, wherein the defined cognitive
function areas are selected from a group consisting of:
attention, familiarity, mental effort, working memory, lin-
guistic acquisition, social learning, and mediation.
11. The system of claim 1, wherein the user is a first user,
and the computer-executable components further comprise:
a review component that stores the learning performance
information and facilitates review of the learning per-
formance information by the first user or a second user
responsible for facilitating learning of the content by
the first user.
12. A computer implemented method, comprising:
receiving, by a device operatively coupled to a processor,
first feedback information regarding mental activity of
a user in a learning environment, wherein the first
feedback information is captured via a near-infrared
spectroscopy sensor worn by the user; and

determining, by the device, learning performance infor-
mation for the user based on the first feedback infor-
mation, wherein the learning performance information
comprises learning performance levels of the user with
respect to defined cognitive function areas associated
with the mental activity of the user; and

generating, by the device, a notification based on the

learning performance information indicating user
learning performance is below a defined learning per-
formance level.

13. The computer implemented method of claim 12,
wherein the user is a first user, wherein the method further
comprises:

sending, by the device based on the generating the noti-

fication, the notification to a first external device asso-
ciated with the first user or a second external device
associated with a second user responsible for facilitat-
ing learning of the content by the first user.

14. The computer implemented method of claim 12,
wherein the defined cognitive function areas are selected
from a group consisting of working memory, mental effort,
and attention.

15. The computer implemented method of claim 12,
further comprising:

determining, by the device, if one or more of the learning

performance levels for one or more cognitive function
areas of the defined cognitive function areas are below
a threshold value, wherein the generating the notifica-
tion comprises generating the notification based on a
determination that the one or more of the learning
performance levels are below the threshold value, and
wherein the notification identifies the user, the one or
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more cognitive function areas, and the learning perfor-
mance levels for the one or more cognitive function
areas.
16. The computer implemented method of claim 12,
wherein the first feedback information comprises haemody-
namic information selected from a group consisting of
working memory performance levels, stress levels and atten-
tion levels of the user.
17. The computer implemented method of claim 12,
further comprising:
receiving, by the device, second feedback information
regarding the mental activity of the user in the learning
environment, wherein the second feedback information
is captured via an electroencephalogram sensor worn
by the user, and wherein the determining the learning
performance information comprises determining the
learning performance information for the user based on
the first feedback information and the second feedback
information.
18. The computer implemented method of claim 12,
wherein the defined cognitive function areas are selected
from a group consisting of: attention, familiarity, mental
effort, working memory, linguistic acquisition, social learn-
ing, and mediation.
19. A computer program product for monitoring learning
performance based on neurofeedback, the computer pro-
gram product comprising a computer readable storage
medium having program instructions embodied therewith,
the program instructions executable by a processing com-
ponent to cause the processing component to:
receive neurofeedback information regarding mental
function of a user in a learning context, wherein the
neurofeedback information is captured via a near-
infrared spectroscopy sensor worn by the user;

determine learning performance information for the user
based on the neurofeedback information, wherein the
learning performance information reflects the user
learning of content presented to the user in the learning
context;

generate a notification based on the learning performance

information indicating the user learning of the content
is below a defined learning performance level; and
send the notification to a device associated with an entity
responsible for teaching the content to the user to
facilitate improving the user’s learning of the content.

20. The computer program product of claim 19, wherein
the learning performance information comprises learning
performance levels of the user with respect to defined
cognitive function areas associated with the mental function
of the user, wherein the defined cognitive function areas
comprise one or more of: attention, familiarity, mental effort,
working memory, linguistic acquisition, social learning, and
mediation.
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