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SYSTEMS AND TECHNIQUES FOR
IDENTIFYING AND EXPLOITING
RELATIONSHIPS BETWEEN MEDIA
CONSUMPTION AND HEALTH

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of co-pending U.S.
patent application Ser. No. 15/721,763, filed on Sep. 30,
2017, which is a continuation of U.S. patent application Ser.
No. 14/831,540, filed on Aug. 20, 2015, which claims
priority and benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application No. 62/039,745, filed on
Aug. 20, 2014, and U.S. Provisional Patent Application No.
62/130,964, filed on Mar. 10, 2015. The foregoing applica-
tions are hereby incorporated by reference to the maximum
extent permitted by applicable by law.

FIELD OF INVENTION

[0002] The present disclosure relates generally to systems
and techniques for identifying and exploiting relationships
between media consumption and health.

BACKGROUND

[0003] Media consumption plays a major role in the
everyday lives of many people, with some people spending
on average approximately 64 hours/week attending to vari-
ous audio and visual media (Rentfrow P. J. et al, 2011, J.
Pers. 79(2): 223-258). People consume media as a primary
activity or as a secondary activity associated with other
activities including, for example, exercise, driving or build-
ing concentration on a task.

[0004] Medical diagnostic processes are used to determine
whether a patient has a health condition (e.g., a disease,
disorder, illness, chronic condition, etc.). In general, medical
diagnostic processes involves determining the patient’s
health state (e.g., physiological state, psychological state,
etc.), identifying symptoms or signs of health conditions,
and determining which health condition(s) explain the
patient’s health state and symptoms/signs.

[0005] Biomarkers can be used to determine the health
state of a patient. The presence of certain “diagnostic
biomarkers” in a patient can be a sign of health condition in
a patient. For example, the presence of certain autoantibod-
ies in a patient’s blood is a biomarker for some autoimmune
diseases. The presence of certain “predictive biomarkers” in
a patient can indicate how the patient is likely to respond to
a particular treatment for a health condition. For example,
the presence of the KRAS mutations in a patient’s cancer
cells is predictive of the patient’s resistance to certain cancer
therapies.

[0006] A Summary of the subject matter of the present
disclosure is provided below, followed by a Detailed
Description of some embodiments. The Detailed Descrip-
tion also describes the motivations underlying some embodi-
ments.

SUMMARY

[0007] According to an aspect of the present disclosure, a
method is provided, including obtaining media consumption
data regarding media content consumed by a user during one
or more time periods, wherein the media content includes a
plurality of media content items having one or more same
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features, obtaining health data, wherein at least a portion of
the health data relates to health states of the user during the
one or more time periods, synchronizing the media con-
sumption data and the health data, determining a strength of
a relationship between a health state of the user and con-
sumption by the user of media content having the one or
more features, based at least in part on portions of the media
consumption data corresponding to user consumption of the
plurality of media content items having the one or more
features and on the synchronized health data, and predicting
an effect of consuming a media content item on the user’s
health, wherein the prediction is based at least in part on a
determination that the strength of the relationship between
the health state of the user and the consumption by the user
of media content having the one or more features exceeds a
threshold strength. The method may be performed by one or
more computers. Other embodiments of this aspect include
systems, apparatus, computer programs, and computer-read-
able media.

[0008] These and other aspects can optionally include one
or more of the following characteristics. In some embodi-
ments, obtaining the media consumption data includes
receiving the media consumption data from one or more
sensors configured to detect media content and/or from one
or more devices configured to present media content. In
some embodiments, the media consumption data includes
preference data indicating one or more preferences of the
user regarding the media content consumed by the user, and
the determination that the strength of the relationship
between the health state of the user and the consumption by
the user of the media content having the one or more features
exceeds the threshold strength is based, at least in part, on
the one or more preferences of the user.

[0009] In some embodiments, the one or more features
relate to sound quality of an audio portion of the media
content. In some embodiments, the one or more features
include timbre, pitch, key, and/or mode. In some embodi-
ments, the one or more features relate to harmonic com-
plexity of an audio portion of the media content. In some
embodiments, the one or more features include piich, key,
and/or mode. In some embodiments, the one or more fea-
tures include one or more low-level audio features of an
audio portion of the media content. In some embodiments,
the one or more low-level audio features include Mel-
Frequency Cepstral Coeflicients (MFCC), Audio Spectrum
Envelope (ASE), Audio Spectrum Flatness (ASF), Linear
Predictive Coding Coefficients, Zero Crossing Rate (ZCR),
Audio Spectrum Centroid (ASC), Audio Spectrum Spread
(ASS), spectral centroid, spectral rolloff, and/or spectral
flux. In some embodiments, the one or more features include
a compound feature, and the compound feature includes a
combination of one or more low-level audio features of an
audio portion of the media content, one or more features
relating to sound quality of an audio portion of the media
content, and/or one or more features relating to harmonic
complexity of an audio portion of the media content.

[0010] In some embodiments, obtaining the health data
includes receiving the health data from one or more sensors
configured to sense health parameters of the user. In some
embodiments, the health data includes values of one or more
health parameters of the user, and the one or more health
parameters relate to the user’s physiology, psychology,
mood, activity, well-being, and/or behavior.
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[0011] In some embodiments, the method further includes
obtaining context data, wherein at least a portion of the
context data relates to contexts of the user during the one or
more time periods, and synchronizing the context data with
the media consumption data and the health data, wherein the
determination that the strength of the relationship between
the health state of the user and the consumption by the user
of the media content having the one or more features
exceeds the threshold strength is based, at least in part, on
the context data.

[0012] In some embodiments, the media content con-
sumed by the user during the one or more time periods does
not include the media content item for which the prediction
is made. In some embodiments, the media content item has
the one or more features. In some embodiments, the pre-
dicted effect of consuming the media content item includes
a predicted long-term effect of consuming the media content
item.

[0013] In some embodiments, the prediction is further
based at least in part on a determination that a strength of a
relationship between the health state in a population and
consumption of media content having the one or more
features exceeds a threshold strength, and the population
includes other users. In some embodiments, the prediction is
further based at least in part on one or more user preferences
relating to the media content and/or to the one or more
features of the media content. In some embodiments, the
predicted effect on the user’s health includes a predicted
change in the user’s purchasing intent.

[0014] In some embodiments, the method further includes
attaching a health tag to the media content item as metadata
of the media content item, wherein the health tag indicates
the predicted effect of consuming the media content item on
the user’s health. In some embodiments, the method further
includes predicting an effect of consuming the media content
item on a population’s health, wherein the prediction of the
effect on the population’s health is based at least in part on
a determination that a strength of a relationship between the
health state in the population and consumption of media
content having the one or more features exceeds a threshold
strength, and wherein the population includes other users,
and attaching a health tag to the media content item as
metadata of the media content item, wherein the health tag
indicates the predicted effect of consuming the media con-
tent item on the population’s health. In some embodiments,
the predicted effect on the population’s health includes a
predicted change in the population’s purchasing intent.
[0015] In some embodiments, the method further includes
receiving data identifying a target health state of the user,
selecting one or more media content items, wherein a
predicted effect of the user consuming the one or more
media content items includes the user’s health attaining the
target health state, and recommending the one or more
media content items for consumption by the user. In some
embodiments, the selection of the one or more media content
items is based, at least in part, on health tags associated with
the one or more media content items. In some embodiments,
the selection of the one or more media content items is
based, at least in part, on a strength of a relationship between
features of the one or more media content items and the
health state. In some embodiments, the media consumption
data includes pattern data regarding one or more patterns of
media consumption by the user, and the selection of the one
or more media content items is based, at least in part, on a
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strength of a relationship between the health state and a
pattern of media consumption by the user.

[0016] In some embodiments, the method further includes
obtaining media biomarker data, wherein the media bio-
marker data includes a media consumption signature asso-
ciated with a health condition, determining whether the
media consumption signature associated with the health
condition matches the media consumption data for the user,
and diagnosing the user with the health condition based, at
least in part, on a determination that the media consumption
signature associated with the health condition matches the
media consumption data for the user. In some embodiments,
the prediction of the effect of consuming the media content
item on the user’s health is further based, at least in part, on
the determination that the media consumption signature
associated with the health condition matches the media
consumption data for the user. In some embodiments, the
method further includes prescribing, based at least in part on
the determination that the media consumption signature
associated with the health condition matches the media
consumption data for the user, a therapy for the user. In some
embodiments, the prescribed therapy includes consuming
particular items of media content.

[0017] In some embodiments, the health data are first
health data, the media consumption data are first media
consumption data, and obtaining the media biomarker data
includes obtaining second health data regarding health of a
population, obtaining second media consumption data
regarding media consumption of the population, wherein the
second media consumption data include the media consump-
tion signature, generating relationship data regarding a rela-
tionship between the media consumption signature and a
portion of the second health data corresponding to the health
condition, determining whether a strength of the relationship
exceeds a threshold strength, and generating the media
biomarker data based, at least in part, on a determination that
the strength of the relationship between the media consump-
tion signature and the portion of the second health data
corresponding to the health condition exceeds the threshold
strength. In some embodiments, determining whether the
media consumption signature associated with the health
condition matches the media consumption data for the user
includes determining, based on the media consumption data,
one or more media consumption signatures of the user, and
comparing the media consumption signature associated with
the health condition to the one or more media consumption
signatures of the user.

[0018] In some embodiments, the method further includes
mapping at least a portion of the media consumption data
and at least a portion of the health data to values of one or
more sensory parameters, wherein the portion of the media
consumption data and the portion of the health data corre-
spond to a same time period, and presenting sensory infor-
mation to the user, wherein the sensory information repre-
sents the values of the one or more sensory parameters. In
some embodiments, the sensory information includes visual
information, auditory information, tactile information,
olfactory information, and/or taste information. In some
embodiments, mapping at least the portion of the media
consumption data and at least the portion of the health data
to the values of one or more sensory parameters includes
mapping at least the portion of the media consumption data
to a first visualization parameter and mapping at least the
portion of the health data to a second visualization param-
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eter. In some embodiments, the first visualization parameter
includes a color, transparency, shape, rotation, and/or pixi-
lation of a graphic, the second visualization parameter
includes a color, transparency, shape, rotation, and/or pixi-
lation of a graphic, and the first visualization parameter
differs from the second visualization parameter. In some
embodiments, the health data includes values of a first health
parameter for the user, the one or more sensory parameters
include a first sensory parameter, and mapping at least the
portion of the media consumption data and at least the
portion of the health data to the values of the one or more
sensory parameters includes generating correlation data
regarding a correlation between the portion of the media
consumption data and the values of the first health param-
eter, and mapping the correlation data to the first sensory
parameter.

[0019] According to another aspect of the present disclo-
sure, a method is provided, including obtaining media
biomarker data, wherein the media biomarker data includes
a media consumption signature associated with a health
condition, obtaining media consumption data regarding
media consumption of a population, determining whether
the media consumption signature associated with the health
condition matches the media consumption data for the
population, diagnosing the population with the health con-
dition based, at least in part, on a determination that the
media consumption signature associated with the health
condition matches the media consumption data for the
population, and communicating information associated with
diagnosis of the health condition to a user. The method may
be performed by one or more computers. Other embodi-
ments of this aspect include systems, apparatus, computer
programs, and computer-readable media.

[0020] These and other aspects can optionally include one
or more of the following features. In some embodiments, In
some embodiments, the population consists of an individual
person. In some embodiments, the population includes a
plurality of people. In some embodiments, the people have
one or more characteristics in common.

[0021] In some embodiments, the population is a first
population, the media consumption data are first media
consumption data, and obtaining the media biomarker data
includes obtaining health data regarding health of a second
population, obtaining second media consumption data
regarding media consumption of the second population,
wherein the second media consumption data include the
media consumption signature, generating relationship data
regarding a relationship between the media consumption
signature and a portion of the health data corresponding to
the health condition, determining whether a strength of the
relationship exceeds a threshold strength, and generating the
media biomarker data based, at least in part, on a determi-
nation that the strength of the relationship between the
media consumption signature and the portion of the health
data corresponding to the health condition exceeds the
threshold strength. In some embodiments, the media bio-
marker data is generated by a research tool. In some embodi-
ments, the relationship between the media consumption
signature and the portion of the health data corresponding to
the health condition includes a correlation. In some embodi-
ments, the first population and the second population are the
same.

[0022] In some embodiments, the media consumption
signature associated with the health condition includes an
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amount, rate, pattern, range of amounts, range of rates, or
plurality of patterns of consumption of media content. In
some embodiments, the media consumption signature asso-
ciated with the health condition includes an amount, rate,
range of amounts, or range of rates of media content within
a media content category. In some embodiments, the media
consumption signature associated with the health condition
includes an amount, rate, pattern, range of amounts, range of
rates, or plurality of patterns of consumption of media
content including a feature having a value within a particular
range.

[0023] In some embodiments, determining whether the
media consumption signature associated with the health
condition matches the media consumption data for the
population includes determining, based on the media con-
sumption data, one or more media consumption signatures
of the population, and comparing the media consumption
signature associated with the health condition to the one or
more media consumption signatures of the population. In
some embodiments, the diagnosis is further based, at least in
part, on health data regarding health of the population. In
some embodiments, communicating information associated
with the diagnosis includes causing the information to be
displayed, causing the information to be presented audibly,
and/or transmitting the information.

[0024] In some embodiments, the method further includes
predicting, based at least in part on the determination that the
media consumption signature associated with the health
condition matches the media consumption data for the
population, an effect on a member of the population of
consuming a particular item of media content. In some
embodiments, the method further includes prescribing,
based at least in part on the determination that the media
consumption signature associated with the health condition
matches the media consumption data for the population, a
therapy for a member of the population. In some embodi-
ments, the prescribed therapy includes consuming particular
items of media content. In some embodiments, the pre-
scribed therapy further includes administration of a drug or
performance of a medical intervention in connection with
the consumption of the particular items of media content.
[0025] In some embodiments, the method further includes
attaching a health tag to a media content item as metadata of
the media content item based, at least in part, on a deter-
mination that the media content item includes the media
consumption signature associated with the health condition,
wherein the health tag indicates that consumption of the
media content item is associated with the health condition.
[0026] Insome embodiments, the media consumption data
corresponds to media consumption of the population during
a first time period, the method further includes monitoring a
status of the health condition in the population, and moni-
toring the status of the health condition includes obtaining
second media consumption data regarding media consump-
tion of the population during a second time period, and
determining whether the media consumption signature asso-
ciated with the health condition matches the second media
consumption data for the population.

[0027] Details of one or more embodiments of the subject
matter described in the present disclosure are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Certain advantages of some embodiments may be
understood by referring to the following description taken in
conjunction with the accompanying drawings. In the draw-
ings, like reference characters generally refer to the same
parts throughout the different views. Also, the drawings are
not necessarily to scale, emphasis instead generally being
placed upon illustrating principles of some embodiments.

[0029] FIG. 1 is a block diagram of a system for identi-
fying and exploiting relationships between media consump-
tion and health, according to some embodiments.

[0030] FIG. 2A shows a visualization of a user’s media
consumption data, health data, and context data, according
to some embodiments.

[0031] FIG. 2B shows another visualization of a user’s
music consumption data, health data, and context data, in
accordance with embodiments.

[0032] FIG. 3 is a block diagram of another system for
identifying and exploiting relationships between media con-
sumption and health, which includes a biofeedback module
for providing biofeedback to the user to recommend and
present suitable media content selected based on the user’s
health data, context data, and media consumption data,
according to some embodiments.

[0033] FIGS. 4A, 4B, 4C, and 4D show visualizations of
a user’s media consumption data, health data, and context
data, according to some embodiments.

[0034] FIGS. 5A and 5B show synchronized media con-
sumption data and health data from an exemplary user of a
system for providing personalized, therapeutic biofeedback
to regulate cardiovascular parameters, according to some
embodiments.

[0035] FIGS. 6,7, 8, and 9 show exemplary visualizations
of health data and/or media consumption data using two-
dimensional geometry, in accordance with some embodi-
ments,

[0036] FIGS. 10, 11, 12, and 13 show exemplary visual-
izations of health data and/or media consumption data using
three-dimensional geometry, in accordance with some
embodiments.

[0037] FIG. 14-15 show exemplary visualizations of
health data and/or media consumption data using tunnels, in
accordance with some embodiments.

[0038] FIGS. 16-17 show exemplary visualizations of
health data and/or media consumption data using interaction
between liquids, in accordance with some embodiments.

[0039] FIGS. 18-19 show exemplary visualizations of
health data and/or media consumption data using musical
paths, in accordance with some embodiments.

[0040] FIG. 20 is a flowchart of a method for identifying
and exploiting relationships between media consumption
and health, according to some embodiments.

[0041] FIG. 21 is a flowchart of another method for
identifying and exploiting relationships between media con-
sumption and health, according to some embodiments.

[0042] FIG. 22 is a block diagram of a computer for
identifying and exploiting relationships between media con-
sumption and health, according to some embodiments.

Jan. 9, 2020

DETAILED DESCRIPTION

[0043] Motivation for and Advantages of Some Embodi-
ments
[0044] Besides its entertainment and educational value,

media can have significant direct effects on human health
(e.g., physiological health, emotional health, and/or behav-
ioral health). As a specific example, music can affect the
brain and body, including processes such as mood, memory
processing, cardiovascular rhythms, stress and pain regula-
tion and physical movement. The structure and composition
of music and its acoustic properties can mediate distinct
physiological and psychological effects. Listening to music
can have therapeutic benefits for various health conditions.
These therapeutic effects can potentially be enhanced by
selecting music that is aligned with an individual’s personal
music associations and preferences. Therefore, presenting a
listener music that is selected based on its acoustic patterns
and the listener’s personalized health and contextual param-
eters has the potential to effect specific mood and health
benefits for the listener and improve histher general well-
being.

[0045] While subjective evaluations (e.g., user-provided
lists of media content items that a user likes/dislikes in
specific settings) can capture user mood and preference in a
limited context, they are not always efficient at or appropri-
ate for selecting media content items for eliciting a desired
health effect. For example, music recommendation engines
that generate playlists based on user like/dislike ratings may
not intelligently adjust the playlist when the user’s health or
context changes.

[0046] The inventors have recognized and appreciated that
a better way to select media content items involves tracking
the user’s media preference and consumption patterns in
different contexts, and objectively evaluating the effects of
media content items on aspects of the user’s health (e.g.,
mood, physiology and behavior). Such characterization of
media-health interactions can enable users to make informed
choices of media content suitable to specific contexts (e.g.,
activities and environments), and suitable for eliciting a
target change in the user’s health.

[0047] Conventional monitoring systems do not continu-
ously monitor and synthesize data on the media consumed
by users in the absence of defined, user-conscious activities,
or during the user’s everyday living when media content
may be passively consumed by the user as a secondary
activity and without special attention to its selection and
properties (for instance, when the user is daydreaming, or
getting ready for work, or in commercial places such as
shops and restaurants). Conventional monitoring systems do
not properly interpret the effect of media consumption on the
user in a broader context. Conventional monitoring systems
do not assess and predict how a user would respond to the
same media content item if it were rendered in multiple
different contexts. The inventors have recognized and appre-
ciated that intermittent snapshots of the user’s health and
media preference generally do not provide sufficient data to
explore statistically meaningful associations between the
media consumed by a user (or the features thereof) and the
effects of that consumption on the user.

[0048] There is a need for computational systems that
continuously track a user’s health, context, and media con-
sumption, integrate the user’s health data, context data, and
media data, analyze the integrated data to provide a detailed
understanding of the user’s media consumption and its effect
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on his/her health, and recommend media content items to the
user based on objective measurements of the effects of
consuming media content items on the user’s health. There
is a related need for systems and methods that facilitate
continuous monitoring and mapping of a user’s media
consumption to various health data across different environ-
mental contexts and through various activities of daily
living. Such mapping can enable a user to derive insight into
his/her media consumption in a comprehensive way and as
it relates to his/her health and contexts. Such mapping can
enable users to objectively categorize their media prefer-
ences in different contexts and to better select media suitable
for specific situations and activities. Such systems can
further provide personalized recommendations to the user on
the appropriate media content to consume to maintain or
achieve a desired health effect.

[0049] While it was previously infeasible to continuously
monitor a user’s health, there exist today many sensors and
devices that monitor aspects of the health of individuals
unobtrusively, at high resolution, and in everyday settings.
One such example is the Fitbit® device that passively and
continuously measures a user’s steps, caloric burn, sleep
patterns and overall activity throughout the day. With
increasing use of smart device based media streaming appli-
cations, it is also possible to obtain continuous data on the
user’s media stream in different contexts.

[0050] One or more embodiments described herein may
have one or more advantages or benefits. In some embodi-
ments, the user’s health is monitored before, during, and
after the user’s consumption of a media content item, and
any resulting change in user health due to the consumption
of the media content item is measured, and the magnitude of
this effect is determined. The inventors have recognized and
appreciated that such monitoring facilitates proper and com-
prehensive characterization of the effect of the media on user
health.

[0051] Insome embodiments, the user’s health and media
consumption are monitored without requiring the user to
manually provide significant amounts of input. The inven-
tors have recognized and appreciated that reducing the
amount of user input facilitates more widespread adoption
and more pervasive use of the system, which may enhance
the quality and accuracy of the system’s analysis of inter-
actions between media consumption and user health. The
present disclosure describes, according to some embodi-
ments, a computational platform and methods of aggregat-
ing data on a user’s health, context and media consumption
at high-resolution from multiple devices and software appli-
cations without any restrictions regarding the type of device,
source software or physiological signal, and with or without
direct user input, analyzing the aggregated data to discover
associations between consumption of media content and
user health and context, and providing personalized recom-
mendations of media content items for the user’s health.
[0052] The present disclosure provides, according to some
embodiments, a system and methods of aggregating data on
a user’s media consumption and health in one or more
contexts. The system may monitor the user’s media con-
sumption in different contexts and throughout his various
daily activities. The system may continuously capture data
on the user’s media stream, and his health before, during and
after media consumption. Media data may be captured from
the user’s media player, and health data may be acquired
through direct user input or passively measured via one or
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more sensors that monitor the user’s health. The system
additionally may aggregate information on the user’s con-
text (e.g., his’/her environment and the types of activities
he/she is engaged in) through sensors or user input.

[0053] The present disclosure provides, according to some
embodiments, a method for mapping a user’s acquired
media data to his health measurements (e.g., physiological,
psychological and/or behavioral health measurements) and
context, at the time the media was presented. Time synchro-
nized data may be analyzed to evaluate meaningful relation-
ships between media and the user’s health. In one embodi-
ment, these analyses are aimed at characterizing a user’s
personal media preferences during different activities and in
various environments, and evaluating the effects of indi-
vidual media content items and their constituent features on
the user’s health. In some embodiments, any identified
relationships are incorporated into a personalized media-
health-context profile for the user. In some embodiments, the
system provides a biofeedback mechanism by which the
user is suggested or presented media content items that are
suitable to his current health and context or effective in
driving him to a desired target condition based on his
personalized media-health-context associations. In some
embodiments the analyses identify and/or characterize pat-
terns in media consumption that are associated with, or
predictive of, specific health conditions (e.g., physiological,
psychological, and/or behavioral health conditions) of an
individual or a population. The “media biomarkers”
described herein may include such media consumption
patterns. In some embodiments, interactions between the
media consumption data and health data may be presented to
the user by mapping the data to visual or sensory presenta-
tions.

[0054] The media-health relationships that are identified
by some embodiments of the system and methods, and
determined to be similar in multiple users or in a large
population may be used to generate metadata tags that
indicate the predicted health effect of consuming a media
content item. These tags may be applied to the classification
and cataloguing of media content items and media content
types according to their health effects, and to generate
libraries of media content suitable for different health con-
ditions.

[0055] The present disclosure provides, according to some
embodiments, a personalized platform for a user to monitor
and evaluate the consumption of media content and its effect
in everyday living, and to select or receive media content
that is suitable to his/her various activities and health. The
platform may be implemented as a personalized media
therapy tool that is self-prescribed, or administered by a
medical professional. In some embodiments, the platform is
implemented as a research platform (or “research t0ol”) to
investigate the effects of media consumption on various
aspects of health. Other applications may include platforms
for stratifying populations based on their personal media
preferences for targeted marketing of media content, as well
as evaluative platforms that assess user responses to pro-
motional and marketing media and their effect on purchas-
ing, purchasing intent, and consumer behavior.

[0056] The present disclosure provides, according to some
embodiments, a system and method of aggregating and
analyzing a user’s media consumption pattern in context of
his/her health (e.g., physiology, psychology, behavior) and
environment throughout his/her daily living, and categoriz-
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ing media content based on its correlation with or effect on
these parameters. Analyzing the user’s media consumption
pattern in context of the user’s health may include predicting
and/or visualizing interactions between the user’s patterns of
media consumption and the user’s health. In some embodi-
ments, the system provides biofeedback to the user, whereby
selected media content is recommended or rendered to the
user based on the user’s measured health responses (e.g.,
physiological, psychological and/or behavioral responses) to
the media content and on the user’s media preferences, to
test, maintain or achieve a desired change in the user’s
health status (e.g., physiological, psychological or activity
status).

[0057] According to an aspect of the present disclosure, a
method of aggregating and analyzing a user’s health and
media data is provided, including: receiving user health data,
receiving data on the user’s media consumption pattern,
synchronizing the time series of the user health data to the
time series of the media consumption pattern, and analyzing
the synchronized data for relationships between user health
and media consumption pattern.

[0058] These and other aspects can optionally include one
or more of the following features. In some embodiments,
receiving data includes aggregating data from any hardware
or software application or database configured to measure,
store or represent information related to health or media. In
some embodiments, receiving health and media data
includes aggregating data from direct user input. In some
embodiments, receiving health and media data includes
passive aggregation of data from one or more sensors or
devices configured to detect health or media metrics. In
some embodiments, receiving data includes querying an
external or third-party database or server and receiving a
response. In some embodiments, receiving data includes
aggregating data from a suitable media player or media
streaming software application. In some embodiments,
receiving data includes aggregating data continuously or at
discrete time intervals. In some embodiments, the method
further includes receiving context data corresponding to the
user’s context.

[0059] In some embodiments, data on each health and
media metric is aggregated independently or is aggregated
as a combination of multiple metrics. In some embodiments,
heath data includes one or more parameters related to user
physical state, physiology, psychology, mood, activity, and/
or behavior. In some embodiments, context data includes
one or more parameters corresponding to the user’s envi-
ronment and/or other context. In some embodiments, psy-
chology data includes information on mental states obtained
from suitable sensors or from clinical assessment scales. In
some embodiments, the mental states include fatigue,
depression, stress, and/or anxiety. In some embodiments,
health data includes information on overall wellbeing and/or
physical state of the user obtained by direct input and/or
from clinical assessment scales and reports. In some
embodiments, mood data is obtained by direct user input on
a mood-arousal grid or a visual or numeric rating scale. In
some embodiments, physiology data includes vitals data
obtained from sensors or clinical monitors. In some embodi-
ments, vitals data includes heart rate, blood pressure, and/or
breathing rate. In some embodiments, physiology data
includes brain waves and/or brain activity signals measured
by MRI and EEG monitors. In some embodiments, activity
data is collected via a pedometer, accelerometer and/or
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gyroscope. In some embodiments, activity data includes
steps, pace, gait, and/or overall movement level. In some
embodiments, activity data includes information on the
nature of an activity collected by direct user input or from
sensors configured to auto-detect the activity. In some
embodiments, the activity is sleeping, reading, or driving. In
some embodiments, context includes geographic data. In
some embodiments, the geographic data is obtained from a
GPS receiver. In some embodiments, environment data
includes weather data. In some embodiments, the weather
data is obtained via direct user input or by a weather
software application.

[0060] In some embodiments, the user’s media consump-
tion pattern includes data on the name, type, composition,
and/or characteristics of media content consumed by the
user, timing of the user’s media consumption, frequency of
the user’s media consumption, and/or associated metadata.
In some embodiments, the media content includes analog or
digital information in any format. The format can be single
or multi-dimensional, perceptible or imperceptible, real or
virtual. In some embodiments, the format includes auditory,
visual, haptic, and/or olfactory data. In some embodiments,
the media content includes a piece of music or audio content.
In some embodiments, characteristics of the music include
compound acoustic features, low level acoustic features and
patterns in individual or combinations of acoustic features.
[0061] In some embodiments, the data are synchronized
by aligning time stamps of two or more data streams
continuously or at discrete time intervals. In some embodi-
ments, the timestamps of the two or more data streams are
aligned at time intervals of one second.

[0062] Insome embodiments, analyzing the synchronized
data for relationships between user health and media con-
sumption pattern includes performing a mathematical, com-
putational or statistical operation to identify correlations
and/or other relationships between health data and media
data. In some embodiments, the relationships include short-
term and long-term correlations between media data and
health data. In some embodiments, the correlations include
identification of media consumed concurrent with, or within
a specified time interval preceding or after a health event.
[0063] According to another aspect of the present disclo-
sure, a method of personalized classification of media con-
tent for health is provided, the method including: receiving
user health data, receiving data on the user’s media con-
sumption pattern, synchronizing the time series of the user
health data to the time series of the media consumption
pattern, analyzing the synchronized data for relationships
between user health and media consumption pattern, and
constructing a user’s personalized media-state profile
describing relationships between media and user health.
[0064] In some embodiments, the media-state profile
describes a user’s past health response(s) to an individual
media content item or groups of media content items. In
some embodiments, the media-state profile describes a
user’s current or predicted health response to a media
content item based on the user’s past response to the same
media content item or a similar media content item. In some
embodiments, the media-state profile describes a user’s past,
current or predicted health response to a specific feature of
media content, or to groups or patterns of features of media
content. In some embodiments, the media-state profile
describes a user’s predicted health response to media content
by comparing the user’s media-state profile to profiles of
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other users or groups of users. In some embodiments,
media-state profiles aggregated from groups of users are
used to generate health tags for media content items describ-
ing one or more health effects of the media content items on
the group or population.

[0065] According to another aspect of the present disclo-
sure, a method of providing personalized therapy is pro-
vided, the method including: receiving data on current user
state, receiving data on desired user state, referring to the
user’s personalized media-state profile to identify a media
content item suitable to the current or desired user state,
displaying the identified media content item on the user
interface and/or rendering the media content item through a
media player, and receiving data on a new user state.
[0066] In some embodiments, a desired user state is pre-
specified by a user or caregiver or obtained by direct user or
caregiver input. In some embodiments, a desired user state
is obtained by referencing a prescribed personalized or
standard clinical program. In some embodiments, a desired
user state is automatically computed based on the user’s
stored or measured health profile.

[0067] According to another aspect of the present disclo-
sure, a method for presenting sensory information regarding
an interaction between media consumption of a user and
health of the user is provided, the method including; obtain-
ing health data regarding the health of the user, obtaining
media data regarding the media consumption of the user,
temporally synchronizing the health data and the media data,
mapping at least a portion of the media data and at least a
portion of the health data to values of one or more sensory
parameters, wherein the portion of the media data and the
portion of the health data are associated with a same time
period in the time series, and presenting sensory information
to the user, wherein the sensory information represents the
values of the one or more sensory parameters.

[0068] In some embodiments, the sensory information
includes visual information, auditory information, tactile
information, olfactory information, and/or taste information.
In some embodiments, mapping at least the portion of the
media data and at least the portion of the health data to the
values of one or more sensory parameters includes mapping
at least the portion of the media data to a first visualization
parameter and mapping at least the portion of the health data
to a second visualization parameter. In some embodiments,
the first visualization parameter includes a color, transpar-
ency, shape, rotation, and/or pixilation of a graphic, the
second visualization parameter includes a color, transpar-
ency, shape, rotation, and/or pixilation of a graphic, and the
first visualization parameter differs from the second visual-
ization parameter. In some embodiments, the health data
includes values of a first health parameter for the user, the
one or more sensory parameters include a first sensory
parameter, and mapping at least the portion of the media data
and at least the portion of the health data to the values of the
one or more sensory parameters includes: generating corre-
lation data regarding a correlation between the portion of the
media data and the values of the first health parameter, and
mapping the correlation data to the first sensory parameter.
[0069] According to another aspect of the present disclo-
sure, a method for identifying a media biomarker associated
with a health state is provided, the method comprising:
obtaining health state data regarding a health state of a
population, obtaining a media consumption signature asso-
ciated with media consumption by the population, generat-
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ing correlation data regarding one or more correlations
between the health state data and the media consumption
signature, identifying an association between the health state
of the population and the media consumption signature
based, at least in part, on the one or more correlations
between the health state data and the media consumption
signature, and in response to determining that a strength of
the association between the health state and the media
consumption signature exceeds a threshold strength, identi-
fying at least a portion of the media consumption signature
as a media biomarker associated with the health state.
[0070] In some embodiments, the population includes an
individual person, plant, or animal, or a plurality of people,
plants, or animals. In some embodiments, the plurality of
people, plants, or animals have one or more characteristics
in common. In some embodiments, the media consumption
signature includes data relating to or derived from media
consumption by the population and/or media consumption
preferences of the population. In some embodiments, the
method further includes using the media biomarker to diag-
nose the health state, to track the health state, to predict an
effect of consuming media associated with the media bio-
marker on a health of the population, to generate a music
playlist for modulating one or more health parameters of a
member of the population, to generate a music playlist for
consumption by a member of the population in conjunction
with using a drug, and/or to provide biofeedback to a
member of the population.

[0071] In some embodiments, analyzing the synchronized
data for relationships between user health and media con-
sumption pattern includes: determining a correlation value
between the user health and the media consumption pattern,
and comparing the correlation value to a threshold value. In
some embodiments, analyzing the synchronized data for
relationships between user health and media consumption
pattern includes: determining a correlation value between
the user health and the media consumption pattern, and
comparing the correlation value to a threshold value. In
some embodiments, determining that the strength of the
association between the health state and the media consump-
tion signature exceeds the threshold strength includes com-
paring a correlation value from at least one of the one or
more correlations to a threshold value.

[0072] Further Motivation for and Advantages of Some
Embodiments
[0073] Particular embodiments of the subject matter

described in the present disclosure can be implemented to
realize one or more of the following advantages.

[0074] Consumption of media content can have therapeu-
tic effects on a person’s health. For example, consumption of
certain media content can help a person maintain a current
health state, attain a target health state, or overcome a health
condition. However, the health effects of consuming media
content are generally not well-understood, and the health
effects of consuming particular media content items may
vary among different people. Thus, there is a need for
systems and techniques for reliably predicting the effect on
a person’s health of consuming a particular media content
item.

[0075] The inventors have recognized and appreciated that
the relationship between media consumption and health can
be better understood by analyzing how a person’s health
responds to consumption of portions of media content items
that exhibit particular features (e.g., low-level audio features
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of the media content items, features relating to harmonic
complexity of music, etc.). In some embodiments, the results
of such analysis can be used to reliably predict the effect of
consuming a particular media content item on the health of
a person or a population. In some embodiments, the results
of such analysis can be used to provide biofeedback to a
person to help the person maintain a current health state or
attain a target health state. In some embodiments, the results
of such analysis can be used to prescribe consumption of one
or more media content items as a therapy for a person who
has a health condition or is undergoing a medical interven-
tion for a health condition.

[0076] In addition, the inventors have recognized and
appreciated that the media consumption signature(s) (e.g.,
amounts, rates, and/or patterns of media consumption) of a
person or population can indicate that the person or popu-
lation has certain health conditions. Thus, the media con-
sumption signatures exhibited by a person or a population
can be predictive biomarkers for health conditions in the
person or population. For example, a pattern of greater than
70% frequency of listening to music in the acid rock genre
with combined acoustic properties of tempo greater than or
equal to 120 beats per minute (bpm), high entropy, and high
percussion amplification may be indicative of depression in
the listener.

[0077] Using conventional techniques for tracking media
consumption and health in individuals or populations, it has
not been possible to determine which media consumption
signatures are reliable predictors of health conditions. How-
ever, some embodiments of the present disclosure can be
used to determine which media consumption signatures are
reliable predictors of health conditions, and to detect those
media consumption signatures in individuals or populations.
The presence of such media consumption signatures (“media
biomarkers”) can be relied upon as predictive biomarkers in
medical diagnostic processes. In other words, the presence
of certain media biomarkers in a person (or population) can
be used to assist in the diagnosis of the person’s (or
population’s) health conditions.

[0078] Identifying and Exploiting Relationships Between
Media Consumption and Health

[0079] Terms

[0080] As used herein, the terms ‘user’ and ‘listener’

include any individual that interacts with a system for
identifying and/or exploiting relationships between media
consumption and health (e.g., to track media consumption,
listen to music rendered by the system, identify and/or
visualize correlations between health data and media con-
sumption data, etc.).

[0081] As used herein, the term ‘media’ includes any
analog or digital information or data, in any single or
multi-dimensional, perceptible or imperceptible, real or vir-
tual, single or combinatorial auditory, visual, haptic, taste-
based, or olfactory format.

[0082] As used herein, ‘health data’ may include values of
health parameters related to a population’s health. Health
parameters may include, without limitation, any physical
parameter, physiological parameter, psychological param-
eter, emotional parameter, cognitive parameter, behavioral
parameter, well-being parameter, clinical parameter, mood
parameter, activity status, and/or other parameter that relates
to any aspect of a population’s health or well-being. In some
embodiments, health data may include patterns relating to
the population’s health (e.g., patterns in the values and/or
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arrangement of health parameters over time). In some
embodiments, health data may include individual values of
an individual health parameter, individual values of multiple
health parameters, combined values of an individual health
parameter, combined values of multiple health parameters,
patterns of individual health parameters, and/or patterns of
combined health parameters.

[0083] Non-limiting examples of health parameters
include heart rate, heart rate variability, blood pressure,
respiration rate, galvanic skin response, emotion, mood,
valence, EEG signal, EKG response, pulse, activity, blood
glucose, etc. Some health parameters (e.g., “complex”
health parameters) may be determined based on other health
parameters. Examples of complex health parameters
include, without limitation, level of depression, stress, dia-
betes, ADHD status, overall health/wellness status, genomic
profile, metabolomic profile, microbiome profile, neurologi-
cal profile, etc.

[0084] As used herein, ‘media data’ may include a type of
media (e.g., audible media, visual media, audiovisual media,
videos, images, text, music, speech, ambient acoustics, etc.),
and/or attributes of the media. The attributes of music media
may include data that identifies the music (e.g., the song-
writer, performance artist, song title, album title), the genre
or type of the music, instruments used to produce the music,
acoustic properties (e.g., beats per minute, pitch, key, vol-
ume, etc.), delivery mechanism (e.g., live performance,
playback of a recording), rhythm, beat, etc. The attributes of
text media may include the author, genre, topic, delivery
mechanism (e.g., magazine, newspaper, book, internet), etc.
The attributes of video may include the genre, actors,
director, producer, title, etc. The attributes of image media
may include the image type (e.g., photograph, painting,
drawing, etc.), artist (e.g., photographer, painter), subject
(e.g., people, places, or things depicted in the image; con-
cepts conveyed by the image), etc.

[0085] As used herein, ‘media consumption data’ may
include data describing media consumption by a user or
population (e.g., data describing a history of a media con-
sumption or a pattern of media consumption, media data
describing the consumed media, etc.). A pattern of media
consumption may include changes in the amount or rate of
media consumption over time, etc.

[0086] As used herein, the terms ‘music” and ‘song” may
include any segment of audio content of any length and
composition (e.g., a song, a music composition, an instru-
mental piece, a sequence of tones or natural or artificial
sounds, or specific features or elements of the above).
[0087] As used herein, the term ‘synchronization’ includes
all computational, mathematical and statistical operations
performed to match the time series of media consumption
data to the time series of health data and/or contextual data
to align the timestamps of concurrent events in the indi-
vidual data streams.

[0088] As used herein, the term ‘mapping’ includes any
computational, mathematical and/or statistical operations
performed to identify and evaluate any associations (e.g.,
correlations or other relationships) between parameters in
the media consumption, health, and contextual data streams.
[0089] As used herein, a “media biomarker” may include
media consumption data (e.g., media consumption signa-
tures, including but not limited to media consumption pat-
terns) associated with, or predictive of, specific health states
(e.g., conditions) of an individual or a population. In some



US 2020/0012959 A1

embodiments, the media consumption pattern associated
with or predictive of a particular health state may be a
pattern indicating a change in media consumption of a
particular magnitude (e.g., an increase or decrease of 10% or
more in the frequency of consuming media content), a
change in media consumption in a particular direction (e.g.,
an increase or decrease in the amount of media content
consumed), or any other change in media consumption.
[0090] A media biomarker may include data indicating the
strength of the association (e.g., correlation) between the
media consumption signature or pattern and the correspond-
ing health state. A media biomarker may be predictive or
diagnostic. Predictive biomarkers may indicate that media
consumption consistent with the biomarker’s signature is
predicted to drive the user’s health state toward the health
state corresponding to the biomarker. Diagnostic biomarkers
may indicate that the presence of the biomarker’s signature
in the user’s media consumption data is predictive of the
user being in the health state (e.g., having the health con-
dition) corresponding to the biomarker. A media biomarker
may specify, without limitation, a type of media (e.g,
audible media, visual media, audiovisual media, videos,
images, text, music, speech, ambient acoustics, etc.) features
of the media, and/or attributes of the media. In some
embodiments, a media biomarker may indicate whether a
health parameter value precedes the media biomarker or
whether the health parameter value increases, decreases, or
stays the same during or after consumption of media.
[0091] The term “sensory information,” as used herein,
may include, without limitation, information that can be
sensed by sight (visual information), sound (auditory infor-
mation), touch (tactile information), smell (olfactory infor-
mation), taste (taste information), and/or any combination
thereof (e.g., audiovisual information).

[0092] As used herein, “consuming media” may include,
without limitation, any act or state whereby an individual or
population senses or perceives media content (e.g., reading,
listening, viewing, or otherwise sensing or perceiving the
media content).

[0093] As used herein, ‘features’ of media content may
include characteristics or parameters of music (‘music fea-
tures’), of audio content (“audio features”), of image content
(‘image features’), of video content (‘video features’), of
text content (‘text features’), of speech content (‘speech
features’), and/or any other suitable characteristics or
parameters of media content.

[0094] Music features may include, for example, features
related to rhythmic timing (e.g., tempo, beat, beats per
minute, tatum, rhythm), features related to sound quality
(e.g., timbre, pitch, key, mode, volume, loudness), features
related to harmonic complexity (e.g., key, mode, pitch),
features related to musical preference (e.g., genre, style,
artist, artist location, artist familiarity), or features related to
subject perception of the music (e.g., hotness, danceability,
energy, liveness, speechiness, acousticness, valence, mood).
In some embodiments, danceability may be determined
based at least in part on tempo, rhythm stability, beat
strength, and/or regularity of the music. In some embodi-
ments, energy represents the intensity or activity of the
music, and may be determined based at least in part on
dynamic range, loudness, timbre, onset rate, and/or general
entropy of the music. In some embodiments, liveness rep-
resents the presence of an audience in the music. In some
embodiments, speechiness represents the presence of spoken
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words in the music. In some embodiments, acousticness
represents the extent to which the music was created using
acoustic (rather than electronic) techniques. In some
embodiments, valence represent the positivity (e.g., happi-
ness, cheerfulness, or euphoria) conveyed by the music.
[0095] Music features may include, for example, simple
features relating to fundamental structural elements of music
(e.g., key, tempo, pitch, etc.) or complex features that result
from combining two or more simple features (e.g., groove,
danceability, energy, etc.).

[0096] Music features may include, for example, low-
level audio features. In some embodiments, low-level audio
features include standardized low-level features described in
the MPEG-7 standard (MPEG-7 Multimedia Content
Description Interface Parts 1-14, ISO/IEC 15938, which is
hereby incorporated by reference to the maximum extent
permitted by applicable law). In some embodiments, low-
level audio features include features directly extracted from
a digitized audio signal (e.g., from independently processed
frames of a digitized audio signal). Some non-limiting
examples of low-level audio features include Mel-Fre-
quency Cepstral Coeflicients (MFCC), Audio Spectrum
Envelope (ASE), Audio Spectrum Flatness (ASF), Linear
Predictive Coding Coeflicients, Zero Crossing Rate (ZCR),
Audio Spectrum Centroid (ASC), Audio Spectrum Spread
(ASS), spectral centroid, spectral rolloff, and/or spectral
flux.

[0097] Music features may include, for example, “com-
pound” or “high-level” features. In some embodiments,
compound features include features that can be directly
perceived by humans. In some embodiments, a compound
audio feature includes a combination of one or more low-
level audio features, one or more sound-quality audio fea-
tures, and/or one or more harmonic complexity audio fea-
tures. Some non-limiting examples of compound features
include tempo, timbre, rhythm, structure, pitch, beats per
minute, and melody.

[0098] Music features may include, for example, acoustic
features. Some non-limiting examples of acoustic features
are described in U.S. Pat. No. 8,583,615, which is hereby
incorporated by reference to the maximum extent permitted
by applicable law.

[0099] Video features may include, for example, color,
brightness, motion, and director.

[0100] Image features may include, for example, color,
brightness, and author (e.g., photographer or painter).
[0101] Text features may include, for example, tone,
voice, genre, and author.

[0102] The indefinite articles “a” and “an,” as used in the
specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
The phrase “and/or,” as used in the specification and in the
claims, should be understood to mean “either or both” of the
elements so conjoined, i.e., elements that are conjunctively
present in some cases and disjunctively present in other
cases. Multiple elements listed with “and/or” should be
construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be
present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those ele-
ments specifically identified.

[0103] Thus, as a non-limiting example, a reference to “A
and/or B”, when used in conjunction with open-ended
language such as “comprising” can refer, in one embodi-
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ment, to A only (optionally including elements other than B);
in another embodiment, to B only (optionally including
elements other than A); in yet another embodiment, to both
A and B (optionally including other elements); etc.

[0104] As used in the specification and in the claims, “or”
should be understood to have the same meaning as “and/or”
as defined above. For example, when separating items in a
list, “or” or “and/or” shall be interpreted as being inclusive,
i.e., the inclusion of at least one, but also including more
than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the
contrary, such as “only one of,” or “exactly one of,” or, when
used in the claims, “consisting of,” will refer to the inclusion
of exactly one element of a number or list of elements. In
general, the term “or” as used shall only be interpreted as
indicating exclusive alternatives (i.e. “one or the other but
not both”) when preceded by terms of exclusivity, such as
“either,” “one of,” “only one of” or “exactly one of.”
“Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.
[0105] As used in the specification and in the claims, the
phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of
elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to
those elements specifically identified. Thus, as a non-limit-
ing example, “at least one of A and B” (or, equivalently, “at
least one of A or B,” or, equivalently “at least one of A and/or
B”) can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and option-
ally including elements other than B); in another embodi-
ment, to at least one, optionally including more than one, B,
with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, option-
ally including more than one, A, and at least one, optionally
including more than one, B (and optionally including other
elements); etc.

[0106] The use of “including,” “comprising,” “having,”
“containing,” “involving,” and variations thereof, is meant
to encompass the items listed thereafter and additional
items.

[0107] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in
which acts of a method are performed. Ordinal terms are
used merely as labels to distinguish one claim element
having a certain name from another element having a same
name (but for use of the ordinal term), to distinguish the
claim elements.

[0108] Systems and Techniques

[0109] In some embodiments, a system for identifying
and/or exploiting relationships between media consumption
and health comprises a Health Module, Media Module,
Synchronization Module, Analysis Engine, and User Inter-
face, which are described in detail below. It is to be noted
that groupings of alternative elements of some embodiments
of the invention disclosed herein are not to be construed as
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limitations. Each element can be implemented indepen-
dently and can be referred to and claimed individually, or in
any combination with other elements or groups of elements
described herein.

[0110] Some embodiments can be practiced with any
computer system configuration including desktops, mobile
computing devices (e.g., the Amazon Kindle®, Apple iPad®
and the Windows Surface™ tablets), smart mobile commu-
nications devices (e.g., the Apple iPhone®), smart watches
(e.g., the Apple iWatch® and the Samsung smart watch),
portable music players (e.g., the Apple iPod® and the
ZUNE® music player), wireless music systems (e.g., the
Sonos® smarthome system), multiprocessor-based or pro-
grammable consumer electronics, network PCs, minicom-
puters, mainframe computers and the like. Implementations
may also be practiced in distributed and cloud computing
environments (e.g. Amazon EC3), where tasks are per-
formed by remote processing devices that are linked through
a communications network. In a distributed computing
environment, system modules may be located in both local
and remote computing devices.

[0111] Health Module

[0112] Referring to FIG. 1, some embodiments of a system
100 for identifying and/or exploiting interactions between
media consumption and health include a Health Module 101
that aggregates and processes a user’s health data. The user’s
health data may be obtained by embodiments of the system
using, for example, any of various suitable methods
described below.

[0113] The health module 101 can obtain the user’s health
data via active user input (e.g., in response to an invitation
to the user to input his/her health information via the User
Interface 106). The system 100 may invite user input via
simple notifications delivered to the user’s smart device or
computer. The notifications may include, for example, text,
audio data, visual data or haptic data. In one embodiment,
the active input is obtained from the user by answering
questions related to his/her health. Questions may be pre-
sented in the form of surveys, standard clinical question-
naires, mood or activity scales, or in any numerical, pictorial
or graphical form suitable for conveying a range of health
conditions to the user and capturing the user’s input. Ques-
tionnaires and scales can be specific to health conditions, for
example, anxiety (e.g. the Hamilton Anxiety Scale, Gener-
alized Anxiety Disorder 7 questionnaire, Symptom Check-
list, Zung Self-Rating Anxiety Scale etc.), depression (e.g.
the Patient Health Questionnaire, Major Depression Inven-
tory, Geriatric Depression Scale, Beck Depression Inventory
etc.), fatigue (e.g. the Brief Fatigue Inventory, The Profile of
Mood States Fatigue/Inertia Subscale, Rhoten Fatigue Scale,
Fatigue Impact Scale, Multidimensional Fatigue Symptom
Inventory etc.), pain (e.g. the Visual Analogue Scale, Verbal
Rating Scale, Numerical/numeric Rating Scale), sleep dis-
orders (e.g. the Pittsburgh Sleep Quality Index, Epworth
Sleepiness Scale), etc. Alternately, questionnaires and scales
may not be specific to health conditions, but may be gen-
erally related to health (e.g., the Quality of Well Being
Questionnaire, Self-perceived Quality-of-life scale, the
Sickness Impact Profile, the valence-arousal grid for general
mood, etc.). In some embodiments, many types of questions,
scales, and forms of the type used in clinical, educational,
and epidemiological research are used. In some embodi-
ments, the user may enter health and/or contextual data that
he/she may have obtained through an unconnected device or
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through rudimentary means. For example, a user may enter
his weight measured on an analogue weighing scale, or his
daily steps that have been manually recorded in a diary or his
blood glucose levels measured on a glucose monitor. In
some embodiments, the health module may acquire health
data of a user through input by a caregiver or informant, for
example a doctor, nurse, family-member, teacher, friend, etc.
Information can be acquired from a single caregiver or be
acquired and consolidated from multiple informants. The
informant may enter assessments of and observations on a
user’s health state (e.g., observations regarding his/her
mood, behavior, symptom severity, etc.).

[0114] In some specific embodiments where user health
information is actively entered, the system may gamify the
user notification and data input process to ensure that it is
motivational and engaging to the user. For example, the
system 100 may provide the user a score or rewards that
accrue as the user enters his/her health information in a
timely and complete manner. In some embodiments the
system may present to the user a puzzle or a quiz that
requires the user to input his/her health information.

[0115] In some embodiments, the Health Module can
obtain the user’s health data passively from one or more
sensors that measure, for example, a physiological, physical
or activity parameter of the user. Sensors can be externally
attached to the body, can be contact-free from the body and
operate remotely, or can be internally implanted in any
suitable location of the body. Such sensors may sense either
independently, or some combination of the user’s physi-
ological data and vitals, including but not limited to the heart
rate, cardiac rhythm, blood pressure, pulse rate, body tem-
perature, blood pressure, EKG data, EEG data, skin con-
ductance, hydration levels, blood flow, blood gas content,
breathing rate, lung volume, and blood or tissue metabolite
levels. Some sensors may sense physical activity data, for
example, overall movement levels, step count, stride dis-
tance and symmetry, gait, number of jumps, jump height,
falls, distance traveled, speed, step impact force data, other
accelerometer and gyroscope based data, calorie expendi-
ture, sleep movements and quality, etc. In some embodi-
ments, the user’s physical activity data is obtained directly
from athletic training machines and gym equipment, for
example, treadmills, spinning machines, elliptical training
machines, stationary bicycles, stair climbing machines,
cross-country ski stimulating machines, weight lifting
machines and rowing machines. In some embodiments,
health data can be transcribed from medical and health
records (e.g., electronic medical records, personal health
records, lab reports, etc.) or be obtained from virtual avatars
that provide a representation of the health condition of a
user. In some embodiments, the system 100 uses measures
and systems used in physical, neurological, physiological,
genomic, proteomic, metabolomic, microbial and/or associ-
ated human research or clinical practice to obtain a user’s
health data.

[0116] The health module may capture data actively or
passively on the user’s context. Context may include any
parameter relating to the user’s current environment. Con-
text can include information regarding the type(s) of activi-
ties the user is currently engaged in, for example, exercising
at the gym, sleeping, or driving to work or whether he/she
is alone or with company. In some embodiments, context
includes temporal data, for example, the time of day, month
or year, or the current position of an individual’s infradian,
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circadian or ultradian biological rhythms. Context can
include meteorological data, for example, current weather,
temperature, humidity, precipitation, barometric pressure or
season. In some embodiments, context includes data related
to the user’s current geographical location, for example, the
GPS location, type of terrain, altitude, traffic patterns, ongo-
ing or recent events around the user’s current location, or
other local information. Context can comprise historical data
on the user’s past associations with any parameter relating to
his/her current environment. For example, content may
include information on the user’s past mental states while
driving in a specific location on previous occasions. In some
embodiments, any parameter related to the user’s current
environment or behavior that may influence his/her health or
media preference is suitable to be measured as context. In
some embodiments, context includes information on the
user’s target or desired health state or outcome.

[0117] In some embodiments, the health module is always
enabled to aggregate health data on an ongoing, continual
basis. In some embodiments, the user may disable the health
module and enable it at specific time intervals (e.g., every
few seconds, or minutes or days). The interval of data
acquisition may either be pre-determined or fixed by some
embodiments, or it can be adjusted by the user by input via
the user interface. In some embodiments, the system may
recommend to the user data-acquisition intervals (e.g., opti-
mal data-acquisition intervals) for a specific sensor or health
parameter. Additionally, in cases where data is acquired on
multiple health parameters or from multiple sources, the
health module may sync each parameter or device at inde-
pendent time intervals. For example, the system may con-
tinuously upload data on the heart rate or blood pressure of
a user, however it may upload blood glucose readings only
once a day or once every couple of days. In some embodi-
ments, health data may be aggregated only during periods of
active media consumption. Alternately, in other embodi-
ments, health data may be acquired continuously during
periods of media consumption as well as media inactivity.
[0118] The health module conveys the aggregated health
data (and, optionally, contextual data) to the Synchroniza-
tion Module (103) where the health data (and, optionally,
contextual data) are mapped to the user’s media consump-
tion data. In some embodiments, the health module may
directly transmit the health (and contextual) data in an
unprocessed, raw format in which it is acquired from the
user interface and sensors. In other cases, the health module
first processes the data. Data processing may involve opera-
tions including normalization, manipulation of data types
and formats, synchronization of multiple data streams, and/
or analysis of the acquired health (and contextual) param-
eters to infer a user health condition. The health module may
communicate the health (and contextual measurements),
along with the timestamps indicating the times at which
these measurements were acquired, to the synchronization
module as a unified signal or as multiple, independent data
streams.

[0119] Media Module

[0120] The Media Module 102 functions to collect data on
the user’s media consumption. The media module may
interact with any media player that presents media to the
user. Suitable media players may include traditional hard-
ware players (e.g., CD-ROM and cassette players) or soft-
ware applications (e.g., on smart devices) that stream media
stored on the local device or from a remote server (e.g., an
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internet radio server or video server). Examples of such
applications include Apple’s iTunes player, Windows Media
Player, the Pandora, Spotify or Beats applications, or the
Netflix service. The media module may obtain from these
media players data on the sequence of media content items
(e.g., music, songs, videos, etc.) presented to the user and the
times at which they were presented. In some embodiments,
the media module acquires metadata corresponding to the
media content items, for example, metadata indicating (for
a song) the name of the song, artist or album, or genre. In
some embodiments, metadata includes information on the
features of the media content item. In some embodiments,
the media module acquires metadata directly from the
interfacing media player. In some embodiments the media
module queries external, third-party databases (e.g., the
Echonest database) to acquire information on the media
content item’s features. In some embodiments, the media
module acquires the computer-readable representation of
each media content item rendered to the user, and presents
the representation of the item to the Analysis Engine (104)
for analysis of its features. Features may be obtained or
analyzed for the entire media content item or for a fraction
of the content item of any length or time period. The media
module may generate one or more data streams of the
acquired media data including the name of the media content
item, associated metadata and timestamps to convey to the
synchronization module. The media module may generate a
signal to the interfacing media player to play selected media
content items.

[0121] In addition to music or songs, other media content
may be suitable to some embodiments of the system and
methods disclosed herein. Suitable media items may include
audiovisual data (e.g., videos), virtual 3D environments,
speech and audio clips, images, photos, or text data. In these
implementations, the media module can interface with
media players, hardware devices or software applications
that are suitable for rendering the above media (for example,
video cassette players, gaming environments and consoles,
ebook readers, internet webpages, etc.). The media module
may acquire and process metadata related to such media
content items, including the length or size of the media
content item and its associated features. Additionally, envi-
ronmental sounds and ambient noise acquired directly by the
media module or indirectly from devices and applications
interfacing with the media module are also suitable for
processing by some embodiments of system 100.

[0122] Synchronization Module

[0123] The Synchronization Module (103) receives data
from the health and media modules and functions to map the
health data (and, optionally, contextual data) to the media
data. Mapping may be performed according to one or more
suitable techniques, and by a variety of software tools
suitable for synchronization of time-stamped data streams.
See, for example, U.S. Pat. No. 7,765,315 and QOjeda, A. et
al., Front. Hum. Neurosci., 2014, 8:(121): 1-9, each of which
is incorporated herein by reference to the maximum extent
permitted by applicable law. As an example, a data stream
may be directly synchronized to another data stream, or each
data stream may first be independently aligned to a common
point of reference such as a reference clock and then
synchronized to other data streams that have been similarly
aligned to the common reference. Independent data streams
may be synchronized in entirety, or may be first divided into
fragments of any length that are then aligned together in any
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combination. Data streams may be synchronized in various
time increments, for example, their timestamps may be
aligned at intervals of milliseconds, or seconds, or minutes.
In some embodiments individual data streams may be syn-
chronized in phase (e.g., the nth timestamp in one data
stream aligned to the nth time stamp in another data stream).
In other embodiments data streams may be phase shifted
prior to alignment, for instance the nth timestamp in one data
stream may be aligned to the n-1, n+1, or n-2 time stamp
in another data stream.

[0124] Insome embodiments, the synchronization module
constructs representations (e.g., graphical representations)
of the synchronized data streams for presentation (e.g.,
visualization), and to allow users to explore relationships
between their media consumption, and health and/or con-
text. In a simple representation, shown in FIG. 2A, graphs
may display a time series of songs the user consumed during
an activity or during a specified time interval, and the
synchronized time series of the user’s activity level (e.g.
number of steps), psychological parameters (e.g. mood),
physiological parameters and context parameters (e.g. at
home or walking) during that period. The synchronization
module may additionally process and display different
parameters related to the user’s health, context and media
data. For example, as shown in FIG. 2B, the synchronization
module may graph the time series of the user’s energy level
inferred from his/her mood data, aligned with various meta-
data relating to the songs (such as the beats-per-minute or
pitch) consumed by the user during a certain period. In some
embodiments, the synchronization module displays these
graphs to the user via the user interface. Graphs can be
presented in an interactive fashion, allowing the user to
select, filter and modify the data streams and their related
parameters that are synchronized and graphically displayed.
The synchronization module may actively communicate
with the analysis engine for processing the health and music
consumption data into alternate formats for display as
selected by a user.

[0125]

[0126] The Analysis Engine (104) receives synchronized
health and music consumption data streams from the syn-
chronization module and performs analyses to identify rela-
tionships between user media consumption and health (and,
optionally, context). The analysis engine may implement
mathematical operations to identify correlations between the
frequency of consumption of individual media contents
items or groups of media content items and user context to
identify the user’s media preferences during different activi-
ties and in different environments. In some embodiments,
the system may measure changes in user health (e.g., mood,
physiology, and behavior) throughout a period associated
with the user’s media consumption, including before, during
and/or after consumption of each media item to determine
the effect of the rendered item on the user’s health. It is
appreciated that the engine may identify short-term and/or
long-term associations between user health, context, the
duration of media consumption, the user’s media preference,
a type of media, a specific media content item, and/or
features of media content items. In some embodiments, a
short-term association exists when the health effects of
consuming a media content item are detectable just prior to
the user consuming the media item (e.g., an anticipatory
response), immediately detectable upon the user consuming
the media item, or detectable within seconds, minutes, or

Analysis Engine
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hours (e.g., up to approximately eight hours) after the user
consumes the media item. In some embodiments, a long-
term association exists when the health effects of consuming
a media content item are detectable at least a specified time
period (e.g., approximately eight hours) after the user con-
sumes the media item. In some embodiments, an effect on
the user’s health is “detectable” if the corresponding health
parameters can be detected using specified health sensors or
medical tests. These associations may inform a personalized
music-health-context profile of the user and may be incor-
porated into a predictive model that describes how a user
responds to individual or groups of media content items or
to features related to the media contents item(s) in various
conditions. The personalized user profile and predictive
model may be stored in a reference database (105), and in
some embodiments may be engaged by the biofeedback
module to provide suitable media content recommendations
to the user.

[0127] To construct the user profile and predictive model,
the analysis engine may implement one or more data-
mining, feature selection, pattern recognition, signal pro-
cessing, machine learning and other mathematical, compu-
tational or statistical approaches known in the art for
analysis of large datasets. Some examples of such
approaches are described in Hastie, T. et al., The elements of
statistical learning, Vol. 2, No 1, 2009, Springer: New York;
Bishop, C. M., Pattern recognition and machine learning,
Vol. 1, 2006, Springer: New York; Duda, R. O. et al., Pattern
classification, 2012, John Wiley & Sons Keppel, G., Design
and analysis: A researcher’s handbook, 1991, Prentice-Hall;
and Maxwell, S. E., & Delaney, H. D., Designing experi-
ments and analyzing data: A model comparison perspective
Vol. 1, 2004, Psychology Press. Mathematical and statistical
operations including but not limited to factor analysis,
principle component analysis, linear discriminate analysis,
multiclass logistic regression, and nearest-neighbor approxi-
mations in high-dimensional space can be employed by the
analysis engine to identify correlations and relationships
between media types or individual media content items and
states or events in the corresponding health data and con-
textual data (for example to identify songs that correlate
with an increase in heart rate or with sunny weather). The
analysis engine may identify correlations between, for
example, (1) concurrent health states and media consump-
tion events or patterns, for instance the songs a user listened
to at the peak of a health event, or (2) time-separated health
and media content events, for instance the songs a listener
consumed at some time interval before or after the peak of
the health event. The analysis engine may implement factor
analysis and/or linear regression methods to quantify the
magnitude of the changes in user health observed on pre-
sentation of a media content type or item, and to predict
future changes upon media presentation. Classical statistical
tests (e.g., t-tests, ANOVA, ANCOVA and regression) may
be implemented to characterize the statistical significance of
these changes in user health.

[0128] In some embodiments, the analysis engine may be
pre-seeded with default predictive models that have been
developed based on relationships characterized in previous
datasets from early platform adopters, testers and other
users. These models can be personalized for a new user and
trained on an ongoing basis when new data from the user
becomes available. The analysis engine can also generate
and test hypotheses of how individual media content items
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or types of media content can affect the user in previously
untested contexts, as well as the effect(s) of untested media
content items or types on the user.

[0129] The analysis engine can aggregate data from mul-
tiple users to evaluate if the statistically significant media-
consumption/health relationships identified for a user are
generalizable across sub-groups or groups of similar users or
in a larger population. Relationships that have broad appli-
cability across different user contexts and populations may
be utilized in generating metadata attachments for media
content items that characterize the observed or predicted
health effect of consuming the media content item. For
example, if consuming a particular media content item is
determined to reduce heart rate by 10 beats per minute in all
users it can be health tagged as ‘effective in cardiovascular
regulation’. As another example, if consuming a media
content item is determined to reduce pain following surgery
in children, it can be health tagged as ‘effective for pediatric
post-operative pain’. The analysis engine can utilize the
metadata tags to categorize and catalogue media content
items and types according to their health effects, and to
generate libraries of media content suitable for treating
various health conditions or encouraging various health
states. A media content item may have one or more health
tags and may be categorized and cross referenced in one or
more media libraries depending on whether the item elicits
a single or multiple health effects. Media libraries may be
stored in a common reference database and in some embodi-
ments may be accessed by the biofeedback module to select
or recommend media content suitable to a user (e.g., for
maintaining or changing the user’s health state).

[0130] The analysis engine may implement media content
analysis using digital signal processing (DSP) and informa-
tion retrieval techniques to characterize the features of
individual media content items, or to infer common features
in a collection of media content items that constitute a
common preference group for a user or elicit a same health
effect or similar health effects in a user or a group of users.
For example, the analysis engine may implement music
content analysis using DSP and music information retrieval
techniques to characterize the features of individual songs,
or to infer common features in a collection of songs. Audio
content analysis may involve using any type of audio
content features to classify audio data. The analysis engine
may identify patterns (for example, a Fibonacci sequence) in
the arrangement of individual features or combinations of
features in a specific media item or group of items. Audio
content analysis may enable the system to identify key
acoustic features that mediate the observed health effect of
a music item or a type of music. For example, the system
may discover that all songs effective in reducing a user’s
heart rate have a similar tempo of ~60 beats per minute.
Audio content analysis may therefore be employed to char-
acterize untested media content, and to generate hypotheses
regarding the content’s potential health effects on the user.
As an example, if a new song that has not been previously
monitored by the system is determined to have a tempo of
60 beats per minute, some embodiments of the system can
generate and test the hypothesis that this song will be
effective in modulating a user’s heart rate based on its shared
acoustic properties with music that is known to regulate
cardiovascular parameters. Characterization of expected
health effects obtained by comparison of acoustic signatures
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of untested and tested media content may utilized by the
system in generating health metadata tags for cataloguing of
new music content.

[0131] It is appreciated that in addition to music content,
the analysis engine can process and catalogue other types of
media content delivered via the media module. For example,
the analysis engine can process and characterize audiovi-
sual, speech and text files (e.g., videos, audiobooks, web
clippings, etc.) to evaluate meaningful correlations between
the consumption of these media items and user health (e.g.,
in different contexts) and to assess relevant effects that these
media have on user health (e.g., physiology and behavior).
In some embodiments, the analysis engine may process and
catalogue effects of environmental sounds and ambient noise
on user health.

[0132] In some embodiments, the analysis engine identi-
fies a media biomarker associated with a health state of a
population. The population may include an individual per-
son (in which case the media biomarker is a personalized
media biomarker) or a group of people (in which case the
media biomarker is a group or population media biomarker).
In some embodiments, the population includes a group of
people who have one or more characteristics in common
(e.g., demographic characteristics, area of residence, clinical
condition, etc.). In some embodiments, the population
includes one or more plants or animals.

[0133] A media consumption signature may include one or
more media consumption characteristics of a population. In
some embodiments, media consumption characteristics
include the amount of media consumed by the population
(e.g., frequency and/or duration of media consumption),
patterns of the population’s media consumption, and/or one
or more media consumption preferences of the population.
Media consumption characteristics of a population may be
determined based on media consumption data associated
with a population. Media consumption data associated with
a population may be obtained from one or more media
modules 102 that collect data related to a population’s
consumption of media. In some embodiments, media con-
sumption signatures may be identified based on patterns in
media consumption data and/or correlations between such
patterns and health states.

[0134] Media consumption characteristics may be classi-
fied based on attributes of the consumed media, including,
without limitation, the type of media (e.g., audible media,
visual media, audiovisual media, videos, images, text,
music, ambient acoustics, etc.). Some attributes of various
types of media content are described above. Other media
content attributes are possible. In some embodiments, media
consumption characteristics may be classified based on
features of the consumed media. Some features of various
media types are described above. Other media content
features are possible. In some embodiments, media con-
sumption characteristics may include data indicating
whether a health parameter value precedes a media con-
sumption signature or whether the health parameter value
increases, decreases, or stays the same during or after
consumption of media.

[0135] Media consumption preferences may include infor-
mation relating to the population’s preference for consuming
or not consuming various types of media. In some embodi-
ments, the population’s media consumption preferences may
be expressed as binary values (preferred or not preferred). In
some embodiments, the population’s media consumption

Jan. 9, 2020

preferences may include a degree of preference for consum-
ing or not consuming various types of media. In some
embodiments, the population’s media consumption prefer-
ence data may include data indicating changes or patterns in
the population’s media consumption preferences over time.

[0136] The analysis engine may identify and/or measure
one or more health states (e.g., health conditions) of a
population based, at least in part, on analysis of health data
obtained by health module 101 (e.g., health data of the
population). A health state may include, for example, any
physical, physiological, psychological, emotional, cogni-
tive, behavioral, mood, or clinical condition of the user, or
any condition of the user relating to user activity or well-
being. Other types of health conditions are possible. The
population’s health state(s) may be identified based on
values of individual health parameters or combination(s) of
health parameters included in the health data, and/or based
on associations between health parameters included in the
health data. Such associations may be analyzed or measured
over any suitable time period, including short time periods
(e.g., time periods on the order of seconds, minutes, or up to
approximately eight hours) and/or long time periods (e.g.,
time periods longer than approximately eight hours or on the
order of days, weeks, months, years, or decades). As an
example, the analysis engine may identify that a peak in the
user’s electrodermal activity indicated by a value equal to or
greater than five times the median daily value of electro-
dermal activity over a ten minute period is associated with
a health state identified as ‘anxious’. As another example,
the analysis engine may characterize that a synchronous
10% decrease in heart rate from baseline, a switch to
delta-waves in EEG activity, and one degree fall in body
temperature is indicative of a health state identified as ‘deep
sleep’. In another example, the analysis engine may char-
acterize that a sustained 3-fold increase in heart rate and
blood pressure over baseline values, combined with blood
glucose levels between 150 mg/dL-200 mg/dL over a one
month period is indicative of a clinical health state identified
as ‘pre-diabetic’. Health states may be personalized (e.g.,
specific to a user), group-specific (e.g., specific to a group of
users), or universal (e.g., within a specified population).

[0137] To identify the health state(s) of the population, the
analysis engine may apply any suitable processing technique
to the health data (e.g., independent of the media consump-
tion data). To identify the population’s media biomarker(s),
the analysis engine may apply any suitable processing
technique to the health data and the media consumption data.
Suitable processing techniques for identifying health states
and/or media biomarkers may include, without limitation,
mathematical, statistical, computational, and/or deep learn-
ing and machine learning techniques. In some embodiments,
techniques applied to identify the health state(s) and/or
media biomarker(s) may include data sampling (e.g., opti-
mal data sampling) (e.g. using Nyquist frequency based
sampling, compressed sampling, sparse sampling, etc.); pre-
processing of health and/or media consumption data for
correlation analyses and/or pattern recognition analyses (e.g.
normalizing raw values of health and/or media consumption
parameters based on a pre-determined range, baseline, maxi-
mum, mean, median, or rolling sample); filtering anomalies
from the data (e.g., separating true signal from noise in data
using methods such as dimensionality reduction via Princi-
pal Component Analysis); determining the correlation
between data points (e.g., how data points or certain types of
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data support/negate other data points or types of data, using
methods such as unsupervised learning by K-means, spheri-
cal K-means, spectral clustering, non-negative matrix fac-
torization, Gaussian Mixture Model, etc.); identifying true
signals in data (e.g., using methods such as feature selection
and feature engineering, Markov models and support vector
machines); performing covariate analysis on multiple vari-
ables (e.g., health parameters) to identify/measure a unified
health state (e.g. using logistic regression, multilayer per-
ceptron); pattern recognition and pattern exception recogni-
tion analysis for identifying correlations and patterns
between different health data obtained by the health module
to identify health states; identifying correlations and patterns
between health data and media consumption data; identify-
ing causation between media consumption data and health
data; etc.

[0138] A media biomarker may be identified by identify-
ing an association between a media consumption signature
of a population and a health state of the population. In some
embodiments, to identify associations between media con-
sumption signatures and health states, the analysis engine
generates correlation data regarding one or more correla-
tions between the health state data and the media consump-
tion signatures. To generate correlation data, the analysis
engine may identify and/or measure correlations or corre-
lated patterns between health states and media consumption
signatures. In some embodiments, the analysis engine may
determine and/or measure causation between health states
and media consumption signatures. In some embodiments,
the analysis engine may seed identification of media bio-
markers for a population based on aggregate media bio-
marker data from other groups/populations.

[0139] The analysis engine may determine the strength of
an association between a health state and a media consump-
tion signature. In some embodiments, the analysis engine
may measure the correlation between the health state and the
media consumption signature, and compare the correlation
value to a threshold value. If the correlation value exceeds
the threshold value, the analysis engine may identify the
media consumption signature (or a portion thereof) as a
media biomarker associated with the health state. The cor-
relation between the health state and the media consumption
signature may be characterized using any suitable metric,
including, without limitation, Pearson’s correlation coeffi-
cient and/or a rank correlation coefficient (e.g., Spearman’s
rank correlation coefficient, Kendall tau rank correlation
coeflicient). The correlation between the health state and the
media consumption signature may be determined using any
suitable technique, including, without limitation, linear
regression (e.g., least squares estimation, maximum-likeli-
hood estimation, Bayesian linear regression, quantile regres-
sion, mixed models, principal component regression, least-
angle regression, etc.), nonlinear regression, adaptive
regression, curve-fitting, analysis of variance, etc. The sta-
tistical significance of the correlation between a health state
and a media consumption signature may be determined
using any suitable technique.

[0140] In some embodiments, media biomarkers may be
used to diagnose health conditions. For example, in cases
where the existence of a media biomarker is sufficiently
correlated with the presence of a health condition (e.g., a
disease, disorder, or chronic condition), the health condition
may be diagnosed in an individual by detecting the media
biomarker in the individual’s media consumption data.
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Alternatively, diagnostic tests may be performed to confirm
the suspected presence of the health condition when an
individual exhibits a media biomarker (alone or in combi-
nation with known symptoms of the health condition or
markers for the health condition).

[0141] In some embodiments, media biomarkers may be
used to track the status of a health condition in a population.
For example, in cases where different values, combinations,
and/or patterns of a media biomarker’s attributes are suffi-
ciently correlated with different states or severities of a
health condition, the state of the health condition may be
tracked in a population by monitoring the values, combina-
tions, and/or patterns of the media biomarker’s attributes
over a period of time. As another example, the presence or
absence of a media biomarker in a population’s media
consumption data over time can be used to track prevalence
of the corresponding health condition in the population over
time. In some embodiments, a media biomarker may specify
quantitative values, combinations, and/or patterns of attri-
butes. In some embodiments, a media biomarker may
specify qualitative values (e.g., “high” or “low”), combina-
tions (e.g., a high value for one attribute and a low value for
another attribute), and/or patterns of attributes. In some
embodiments, a media biomarker may specify quantitative
and/or qualitative values, combinations, and/or patterns of
attributes.

[0142] In some embodiments, media biomarkers may be
used to predict the expected effect of consuming a specified
media content item or feature (e.g., a song or an acoustic
parameter) on a specified health parameter of a population.
For example, in cases where consuming a specified media
content item (or type of media item) is sufficiently correlated
with a change in the value of a specified health parameter in
populations that exhibit the media biomarker, it may be
predicted that an individual who exhibits the media bio-
marker and consumes the specified media content item will
experience the expected change in the corresponding value
of the health parameter.

[0143] In some embodiments, media biomarkers may be
used to prescribe a media consumption regimen with thera-
peutic properties. Such therapeutic applications of media
biomarkers may be referred to as “health equalizer” appli-
cations. For example, media biomarkers may be used to
generate a media content playlist (e.g., music playlist) for
therapeutic applications. In some cases, the media content
playlist may include media content items or features that
have a known probability of modulating a parameter related
to user’s health state (e.g. to maintain a health parameter
within a pre-defined range). In some cases, consuming the
items on a media content playlist may selectively modulate
one or more specified health parameters related to a complex
health condition (e.g., modulating heart rate, blood pressure,
and/or glucose levels for a diabetic). In some cases, the
media content playlist may include media content items for
consumption in conjunction with administration of a drug,
wherein the consumption of the items on the media content
playlist is predicted to extend the drug’s effect or reduce the
drug’s adverse side effect on health state. In some cases, the
media content playlist may be determined based, at least in
part, on the current health state, currently prescribed drugs,
and/or predicted effect of drugs, wherein consumption of the
items on the media content playlist is predicted to augment/
extend drug action.
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[0144] In some embodiments, media biomarkers may be
used to create or engineer media content items (e.g., music
or audio items) that are predicted to have a specified impact
on the health state of individuals or populations that exhibit
the media biomarker.

[0145] In some embodiments, media biomarkers may be
used for biofeedback applications. For example, in cases
where a media biomarker is sufficiently correlated with a
particular health state, a notification may be generated and
sent to an individual (or population) when the media bio-
marker is detected in the individual (or population). As
another example, in cases where a media biomarker indi-
cates that consumption of a type of media M is correlated
with a health state H, a notification may be generated and
sent to an individual who exhibits the media biomarker
when the individual consumes the specified type of media.
[0146] An example of a biomarker application is identi-
fying music biomarkers indicative of depression in a teen.
The music consumption signature underlying the music
biomarker may include a greater than 70% frequency of
listening to music in the acid rock genre with combined
acoustic properties of tempo greater than or equal to 120
bpm, high entropy and high percussion amplification. The
association between the music consumption signature and
depression may be identified based on correlations between
the signature and health data indicative of a depressed health
status (e.g. greater than 30% sustained increase in the user’s
heart rate and electrodermal activity and a score in the 80th
percentile or above on the user’s response to the clinical
Beck Depression Inventory Scale).

[0147] Other examples of biomarker applications may
include, without limitation, providing media content (e.g.,
music) based on a personalized physiological parameter
(e.g. user’s stride length, cadence, etc.) that has a modulating
effect on mobility and gait in people suffering from Parkin-
son’s disease, people suffering from movement disorders,
and/or stroke patients; using media content (e.g., music) to
modulate an individual’s social behavior (e.g., to increase
propensity for socialization); using sensors to measure stress
and anxiety parameters for the purpose of predicting hyper-
arousal episodes and meltdowns in conditions like Autism/
Dementia and selecting and delivering a personalized play-
list to an individual to regulate the level of stress/anxiety;
providing media content playlists (e.g., music playlists) with
personalized media content signatures (e.g., music sigha-
tures) that improve memory, concentration and cognition in
adults; using media content (e.g., music) to induce purchas-
ing intent; using media content (e.g., music) to calm a
population in a geographical area (e.g., an airport or ait-
plane); using media content to modulate the health state of
a population; studying a health condition through media
content consumption (e.g., music consumption).

[0148] User Interface

[0149] The system may generate an interactive user inter-
face (106) having multiple controls and a display area that
allows the user to interact with the system (e.g., to input
health and contextual data and their associated data acqui-
sition and analysis parameters, and to visualize the music-
health-context relationships evaluated by the system). The
user interface may allow the user to enable biofeedback to
receive personalized media recommendations from the sys-
tem as well as enable auto-play of suggested playlists via the
media player. These user operations may be performed by
the user by any suitable device or technique, for example, a
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touch on a display screen, a verbal command or key com-
mand (e.g. a keystroke), a click, or a mechanical switch.
Many types of user interfaces known in the art (e.g., touch
driven interfaces, voice driven interfaces, in-application,
web-application or embedded application type interfaces,
and interfaces with static layouts or responsive fluid layouts)
are suitable for some embodiments of the present invention.
The user interface may display user data and music-health-
context relationships in any suitable single or multidimen-
sional, tabular, graphical or dashboard format.

[0150] In some embodiments, user interface 106 presents
a visualization of an interaction between a population’s
media consumption (e.g., music consumption) and the popu-
lation’s health. The visualization may be generated by the
analysis engine. In some embodiments, generating the visu-
alization includes obtaining health data regarding the health
of the population, obtaining media consumption data regard-
ing the media consumption (e.g., music consumption) of the
population, synchronizing the health data and the media
consumption data to a time series, and mapping the media
consumption data and/or the health data to values of visu-
alization parameters. In some embodiments, the visualiza-
tion shows how one or more of the population’s health
parameters correlate with the population’s media consump-
tion.

[0151] In some embodiments, the health data is obtained
from the health module. In some embodiments, the health
data includes one or more health parameters related to the
population’s health.

[0152] Insome embodiments, the media consumption data
is obtained from the media module. The media consumption
data may include any suitable data that describes attributes
or features of media consumed by the population. The media
consumption data may be fine-grained (e.g., may relate to a
fragment of a media content item, where the fragment may
be of any duration) or coarse-grained (e.g., may relate to an
entire media content item, collection of media content items,
ete.).

[0153] The visualization may include a recommendation
for one or more members of the population to consume
specified media content. Such a recommendation may be
included when the visualization is generated in response to
determining that the population’s health satisfies one or
more criteria for a media content intervention. The specified
media content may be correlated with a desired change in the
population’s health. The recommendation may include a
recommended duration of the intervention.

[0154] For example, a visualization may recommend con-
sumption of media content that is correlated with lower
blood pressure in response to detecting that a user’s blood
pressure is above a threshold level. As another example, a
visualization may recommend consumption of media con-
tent that is correlated with improved mental health in
response to detecting that a user’s depression symptoms
have worsened by a relative or absolute amount. As another
example, a visualization may recommend consumption of
media content that is correlated with a desired microbiome
profile in response to detecting that a user’s microbiome
profile differs from the desired microbiome profile by a
threshold amount. As another example, a visualization may
recommend a decrease in the tempo of music to which a user
is listening when the user’s heart rate is above a threshold
value.



US 2020/0012959 A1

[0155] A visualization may include information represent-
ing or derived from one or more visualization parameters.
Visualization parameters may include, without limitation,
color, shape, transparency, location, size, content, and/or any
other suitable attribute of text or graphics. In some embodi-
ments, visualization parameters may include coordinates of
data points on a graph.

[0156] The analysis engine may map data to be visualized
(e.g., health parameters and/or media consumption data) to
a visualization parameter. The data to be visualized may be
directly mapped to the visualization parameter without
transforming the data. Alternatively or in addition, data to be
visualized may be indirectly mapped to a visualization
parameter through application of one or more data transfor-
mations. In some embodiments, the data transformations
may include any mathematical, computational, or statistical
techniques suitable for transforming data (e.g., normalizing
data to a relative or absolute scale, converting data to a
linear, non-linear or logarithmic scale, mapping data to
different types of mathematical progressions (e.g. arithme-
tic, geometric or Fibonacci progressions) partitioning data
into discrete bins, etc.). The data may be mapped to discrete
or continuous values of a visualization parameter.

[0157] The analysis engine may map health data and
media consumption data to different visualization param-
eters, with or without transformation (e.g., the tempo of
music content may be mapped to the color of a graphic, and
the heart rate corresponding to the tempo may be mapped to
the transparency of the graphic). Alternatively or in addition,
the analysis engine may combine health data and media
consumption data into a combined parameter/value, and
map the combined parameter/value to a visualization param-
eter (with or without any transformation).

[0158] Some exemplary visualizations of health data and/
or media consumption data are shown in FIGS. 6-19. In
particular, FIGS. 6-9 show exemplary visualizations of
health data and/or media consumption data using two-
dimensional geometry, in accordance with some embodi-
ments. FIGS. 10-13 show exemplary visualizations of health
data and/or media consumption data using three-dimen-
sional geometry, in accordance with some embodiments.
FIG. 14-15 show exemplary visualizations of health data
and/or media consumption data using tunnels, in accordance
with some embodiments. FIGS. 16-17 show exemplary
visualizations of health data and/or media consumption data
using interaction between liquids, in accordance with some
embodiments. FIGS. 18-19 show exemplary visualizations
of health data and/or media consumption data using musical
paths, in accordance with some embodiments. The visual-
izations shown in FIGS. 6-19, and the descriptions included
in FIGS. 6-19, are given by way of example only. Some
embodiments are not limited by the content of FIGS. 6-19.
[0159] The user interface may present the visualization
using any suitable display technique. In some embodiments,
the visualization may be presented on a smartphone screen,
a laptop display, a smart watch display, smart glasses, ear
buds, earphones, and/or any other suitable display device. In
some embodiments, the visualization may be presented on
clothing, jewelry, watches, wristbands, shoes, consumer
goods (e.g., stuffed animals, key chains, etc.), orbs, totems,
etc. In some embodiments, the visualization may be pre-
sented on an electronic device via a user interface of
software (e.g., a mobile application) executing on the elec-
tronic device.
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[0160] For example, presenting a visualization may
include changing the color of ear buds or a light orb as the
user’s heart rate changes. As another example, mood data
may be normalized to a linear scale and mapped to color
values (e.g., RGB values) of a displayed graphic, such that
the color of the graphic changes as the user’s mood changes.
As another example, presenting a visualization may include
displaying a graphic that uses colors, motion, transparency,
shapes, etc. to represent health parameters and/or media
consumption data.

[0161] Embodiments have been described in which music
consumption data and/or health data are mapped to visual-
ization parameters, and visual information regarding inter-
actions between music consumption and health is displayed.
In some embodiments, media consumption data and/or
health data are mapped to presentation parameters, and
sensory information regarding interactions between media
consumption and health is presented. Presentation param-
eters may include, without limitation, visual presentation
parameters (e.g., the above-described visualization param-
eters), auditory presentation parameters, haptic presentation
parameters, and/or olfactory presentation parameters. Sen-
sory information may include, without limitation, informa-
tion that can be sensed by sight (visual information), sound
(auditory information), touch (tactile information), smell
(olfactory information), and/or taste (taste information). For
example, when a user’s heart rate is above a threshold heart
rate and the tempo of music to which the user is listening is
above a threshold tempo, the system may alert the user to the
high heart rate/high tempo combination by causing the
user’s phone or watch to vibrate.

[0162] In some embodiments, the system may present
sensory information regarding interactions between infor-
mation sensed by a user and the user’s health. In some
embodiments, the system may present sensory information
regarding the user’s health.

[0163] In some embodiments, the system may present a
visualization of an interaction between the user’s context
(e.g., environment) and the music (or other media) con-
sumed by the user. The user’s context may be represented by
one or more contextual parameters. Contextual parameters
may include, without limitation, weather parameters (e.g.,
temperature, humidity, precipitation, cloud cover, etc.), geo-
graphical parameters (e.g., location, elevation, inside or
outside, etc.), social parameters (e.g., alone or with other
people, engaged in conversation or not, in public vs. athome
vs. at work vs. in a social setting, identities of nearby people,
etc.), time parameters (e.g., date, time, etc.), activity param-
eters (e.g., what activity is the user engaged in, whether the
user is moving, etc.), etc. For example, the system may
present a visualization showing the types of music to which
the user listens when the user in different environments (e.g.,
jazz when stuck in traffic, up-tempo music with a certain
pitch when it’s raining, etc.).

[0164] In some embodiments, the system may present a
visualization of a user’s health data in response to the user’s
media consumption data meeting specified criteria. In some
embodiments, the system may present a visualization of a
user’s media consumption data in response to the user’s
health data meeting specified criteria.

[0165] In some embodiments, the system may control a
device based on an interaction between information sensed
by a user and the user’s health. For example, when a viewer
is consuming media content presented by a smartphone and
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the user’s health data matches specified criteria, the system
may control the smartphone to present different media
content.

[0166] In some embodiments, the system may control a
device or material based on the user’s health data. The
system may control the device by changing a property or
behavior of software (e.g. app/phone screen locks, app sends
notifications to phone screen or to other devices, etc.),
hardware (e.g., robot changes behavior), or a material (e.g.,
gel becomes harder or softer, gel becomes more opaque or
more transparent, gel changes color and/or other properties,
etc.). Such materials may, in some embodiments, be incor-
porated into devices. The system may control the device to
provide direct behavioral biofeedback (e.g., regulating
behavior or physical state of health devices and/or implant-
able devices, adjusting settings of pacemaker, sending a
signal to an implanted medical device to release anti-stress
drugs, etc.).

[0167] For example, the above-described presentation
techniques may be applied to translucent earphones embed-
ded with light sources (e.g., LEDs). The light sources may
be configured to change color when the user is consuming
music and the user’s heart rate decreases by 5% of a
reference value. The user’s heart rate readings may be
normalized to an initial heart rate value when user starts
listening to music. Each 5% interval on the heart rate scale
may be associated with a discrete RGB value. As the user’s
heart rate decreases to a new 5% interval, a signal may be
sent to the light sources to change to the RGB value
associated with the new interval.

[0168] For example, the above-described presentation
techniques may be applied to an interactive GUI on a smart
device. Media consumption data and health data may be
visualized via an interactive graphical user interface (GUI)
on the smart device. The device may provide (e.g., play
and/or stream) music and record one or more of the user’s
health parameters (e.g., mood, arousal level, focus, and/or
heart rate) while the music is provided. The user’s health
parameters may be monitored continually, periodically,
intermittently, or at any other suitable times. The user’s
mood data may be transformed linearly and mapped to a
continuous color scale (e.g., RGB scale) associated with the
background color of the user interface. As the user’s mood
changes, the background colors may be altered along the
color scale. The user’s focus data may be processed and
binned into discrete numeric intervals, with each interval
mapped to a specific transparency value of the user interface.
As the focus values switch to a new interval, the transpar-
ency of the interface may change to indicate the new focus
level. The heart rate data may be processed and binned into
intervals, with each interval associated with a specific geo-
metric shape that is displayed on the interface. The arousal
level may be normalized to a scale ranging between clini-
cally relevant minimum and maximal values, and the nor-
malized range may then be mapped to an angular scale that
specifies the rotational motion of the geometric shape dis-
played on the user interface. As the arousal level of the user
changes in response to the music, the geometric shape
displayed on the device screen may rotate through an angle
that corresponds to the magnitude of the change in the user’s
arousal level.

[0169] For example, the above-described presentation
techniques may be applied to a watch or wristband. The
watch or wristband may be configured to vibrate, make a
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sound, or change temperature as the user’s diabetes symp-
toms and/or glucose levels rise above specified thresholds.
[0170] For example, the above-described presentation
techniques may be applied to a child’s stuffed animal. The
stuffed animal may be configured to change colors, make
noise, and/or plays music to an infant when the infant’s
motion increases by a specified amount (e.g., 20%) and
respiratory rate increases by a specified amount (e.g., 10
points).

[0171] For example, the above-described presentation
techniques may be applied to a hearing aid. The hearing aid
may be configured to modulate the properties of the music,
speech, or ambient sounds being processed by the hearing
aid to regulate the user’s physiology based on the user’s
current physiological state. If the hearing aid’s user is
listening to music and the user’s blood pressure is increas-
ing, the hearing aid may alter the sound (e.g., warp the sound
or reduces its intensity) to alert the user to the increased
blood pressure levels, or to alert the user to switch to music
that is correlated with reducing the user’s blood pressure
levels.

[0172] Biofeedback Module

[0173] In some specific embodiments, the system may
include a biofeedback module that provides personalized
media content (e.g., music) recommendations to the user
after learning the user’s media content preferences in vari-
ous contexts and the effect(s) of different media content
items on user health. In these embodiments, and as shown in
FIG. 3, the biofeedback module (301) communicates with
the health module to receive data on the user’s current health
(and, optionally, context). The biofeedback module may
refer to the user’s personalized media-health-context profile
and predictive model generated by the analysis module to
assemble and/or suggest media content items for playback to
the user using any suitable approach. The system may
suggest media content items that match and maintain the
user’s current health state measured by the health module.
Alternately, the system may recommend media content
items that are associated with a different user mood or
physiology, with the goal of driving the user towards the
target health state. For example, when a user is feeling
relaxed and wants to maintain this state, the system may
recommend media that was effective in maintaining a
relaxed state of the user on previous occasions. However, if
the user desires to feel energized, the system may recom-
mend media that the user previously consumed in energized
states, or before energized states and was measured by the
system to be effective in driving the user to this state.
[0174] The system may suggest a single media content
item or, a media content type comprising a number of media
content items, or numerous media content types (e.g. music,
videos, movies) and numerous media content items within
each type. The system may only suggest media content items
stored on a user’s local device or may suggest items that can
be externally downloaded or streamed via internet based
media applications. The system may also obtain the media
content items by downloading them from an external source.
Suggestions for suitable media content items may be dis-
played to the user on the user interface. In some embodi-
ments, the biofeedback module interacts with the media
module to cause the media player to automatically render the
selected media content items.

[0175] Recommendations generated by the biofeedback
module may be restricted to media content items that have
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been previously tested by the system for their effect on user
health (and, optionally, context). Alternately, the biofeed-
back module may recommend a new media content item that
has not been previously tested, but has metadata and/or
features similar to media content items determined to be
effective. This allows the user to automatically discover and
test new media content that may be pleasurable and effective
for regulating their health and activities.

[0176] The biofeedback module may generate a signal for
the health module to acquire new measurements of user
health (and, optionally, context) during or after the presen-
tation of the selected media content to characterize the user’s
response to the presented item(s). The system may continue
to render the selected media content if it is determined to
have a positive effect on the user and is effective in driving
the user towards the target state. If the media content is
ineffective or has a negative effect, the system may use the
most recent measurement to select new media content items
that are more suitable. Each new measurement may be
conveyed to the analysis module to refine the predictive
model and to continually improve the media-health-context
associations of the user.

[0177] Itis appreciated that the biofeedback module may
not always be engaged by the system. For a new user, the
biofeedback module may be enabled after an initial learning
phase of a suitable duration, during which time the system
first learns the user’s media preferences and the associations
between the user’s media consumption, health and context.
In some embodiments, the user may choose to enable the
biofeedback module on a pre-set schedule and at specific
time-intervals such as once a day or every Monday. In other
embodiments, the biofeedback module may be enabled
during pre-specified activities or contexts, such as while
running or while driving to work. The biofeedback module
may also be configured to auto-enable when pre-determined
criteria regarding user health and/or context are satisfied. For
example, biofeedback may be automatically triggered each
time a user’s heart rate exceeds 100 beats-per-minute or
when the environmental temperature falls below 40 F.
[0178] Methods

[0179] FIG. 20 illustrates a method 2000 for identifying
and exploiting relationships between media consumption
and health, according to some embodiments. In steps 2002-
2004 of method 2000, media consumption data and health
data are obtained and synchronized. In subroutine 2010 of
method 2000, relationships between media consumption
data and health data are identified and/or exploited. The
elements of method 2000 are described in further detail
below.

[0180] In step 2002, media consumption data regarding
media content consumed by a user during one or more time
periods are obtained. In some embodiments, obtaining the
media consumption data includes receiving the media con-
sumption data from one or more sensors (e.g., microphones,
cameras, video cameras, etc.). For example, such sensors
may be located proximate to the user (e.g., on the user’s
body, in the user’s home, etc.) and/or may be part of an
electronic device used by the user (e.g., a smart phone, tablet
computer, or laptop computer). In some embodiments,
obtaining the media consumption data includes receiving the
media consumption data from one or more devices config-
ured to present media content (e.g., televisions, desktop
computers, laptop computers, tablets, smart phones, etc.) to
the user. For example, such devices may provide access to
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streaming media services, including but not limited to
streaming video services (e.g., Netflix, Amazon Prime, etc.)
and streaming audio services (e.g., Audiobooks.com, Pan-
dora, etc.). Other sources of media consumption data are
possible, including the sources described above.

[0181] The media content consumed by the user may
include two or more media content items having one or more
same features. In some embodiments, the one or more
features include one or more audio features relating to an
audio portion of the media content. In some embodiments,
one or more of the audio features relate to sound quality of
an audio portion of the media content. In some embodi-
ments, one or more of the audio features relate to the
harmonic complexity of an audio portion of the media
content. In some embodiments, the one or more audio
features include one or more low-level audio features of an
audio portion of the media content. In some embodiments,
at least one of the audio features 1s a compound audio feature
relating to an audio portion of the media content.

[0182] In some embodiments, the one or more features
include one or more visual features relating to a visual
portion of the media content. In some embodiments, visual
features relate to a video’s representation. Some non-limit-
ing examples of video representation features include the
resolution, bit rate, compression, encoding, aspect ratio,
frame rate, and/or format of a video. In some embodiments,
visual features relate to the content of a video or image.
Some non-limiting examples of visual content features
include colors, shapes, scenes, objects, people, places, or
activities depicted in a video or image. Other types of visual
features are possible.

[0183] In some embodiments, the one or more features
include one or more text features relating to a text portion of
the media content. In some embodiments, text features relate
to the representation of text. Some non-limiting examples of
text representation features include font, font size, and color.
In some embodiments, text features relate to the content of
text. Some non-limiting examples of text content features
include letters, words, or phrases contained in a text, con-
cepts or themes expressed by a text, topics of a text, etc.
Other types of text features are possible. Other features of
media content items are possible, including the features
described above.

[0184] Insome embodiments, the media consumption data
include preference data indicating one or more preferences
of the user regarding the media content consumed by the
user. A user’s preferences regarding the consumed media
content may be reported by the user and/or obtained using
any other suitable technique. In some embodiments, the
user’s preferences regarding the consumed media are deter-
mined objectively based on the amount or rate of consump-
tion of media content by the user, and/or based on the user’s
media consumption pattern (e.g., based on changes in the
amount of media content or the type of media content being
consumed by the user). Other embodiments of media con-
sumption data are possible, including the embodiments
described above.

[0185] Instep 2002, health data are also obtained. In some
embodiments, at least a portion of the health data relates to
health states of the user during one or more time periods for
which media consumption data have been obtained. In some
embodiments, obtaining the health data includes receiving
the health data from one or more sensors configured to sense
the user’s health parameters. For example, such sensors may
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be located proximate to the user (e.g., on the user’s body,
adjacent to the user’s bed or desk, etc.) and/or may be part
of an electronic device used by the user (e.g., a smart watch,
smart phone, tablet computer, or laptop computer). In some
embodiments, obtaining the health data includes loading the
health data from a database, receiving the health data from
an Internet-based service, or receiving the health data from
the user or a healthcare provider (e.g., responses to a survey
or clinical scale). Other sources of health data are possible,
including the sources described above.

[0186] In some embodiments, the health data includes
values of one or more health parameters of the user. The
health parameters may relate to any aspect of the user’s
health, including but not limited to the user’s physiology,
psychology, mood, activity, well-being, and/or behavior.
Other types of health parameters as possible, including the
health parameters described above.

[0187] In some embodiments, method 2000 further
includes a step (not shown) in which contextual data is
obtained. At least a portion of the contextual data may relate
to the user’s context during the one or more time periods for
which media consumption data and/or health data have been
obtained. In some embodiments, the contextual data
includes values of one or more contextual parameters. The
contextual parameters may relate to any aspect of the user’s
context, including but not limited to the user’s physical
environment, the user’s temporal environment, and/or the
activities in which the user is engaged. Other types of
contextual parameters are possible, including the contextual
parameters described above. The contextual data may be
obtained from one or more sensors (e.g., thermometers,
barometers, clocks, motion sensors, etc.), from a database,
or from an Internet-based service. Other sources of contex-
tual data are possible.

[0188] In step 2004, the media consumption data and the
health data are synchronized. In some embodiments, the
media consumption data and the health data are time-series
data, and synchronizing the data involves aligning the time-
stamps from the time-series media consumption data and the
time-series health data. In some embodiments, the contex-
tual data is also synchronized with the media consumption
data and the health data. Some techniques for synchronizing
data sets are described above.

[0189] In subroutine 2010, relationships between media
consumption data and health data are identified and/or
exploited. Relationships between media consumption data
and health data may be identified and/or exploited in many
different ways, corresponding to different paths through
subroutine 2010. Some embodiments of various techniques
for identifying and/or exploiting relationships between
media consumption data and health data are described at a
high level here, and discussed in further detail below.
[0190] In some embodiments, relationships between
media consumption data and health data are identified and/or
exploited by presenting sensory information representing a
population’s synchronized media consumption data and
health data. In some embodiments, such sensory information
may be presented by performing steps 2022 and 2024 of
subroutine 2010. Presentation of such sensory information
may, for example, facilitate a user’s efforts to identify
relationships between media consumption data and health
data.

[0191] In some embodiments, relationships between
media consumption data and health data are identified and/or
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exploited by predicting the effects of consuming a media
content item on a user’s health. In some embodiments, such
effects may be predicted by performing steps 2012 and 2014
of subroutine 2010, or by performing steps 2012, 2032, and
2014 of subroutine 2010. Such predictions may be used, for
example, to provide biofeedback to the user, to prescribe
media therapy for the user, and/or to generate health tags for
media content items.

[0192] In some embodiments, relationships between
media consumption data and health data are identified and/or
exploited by recommending or providing, to the user, media
content items that are predicted to affect the user’s health
state. In some embodiments, such media content items may
be identified by performing steps 2012, 2014, and 2018 of
subroutine 2010, or by performing steps 2012, 2032, 2014,
and 2018 of subroutine 2010. The user may, for example,
consume the identified media content items to maintain a
current health state, to achieve a target health state, or to treat
a health condition. In some embodiments, the user may
consume the identified media content items in connection
with a medical intervention or with use of a drug, and
consumption of the media content items may enhance the
efficacy of the medical intervention or the drug.

[0193] In some embodiments, relationships between
media consumption data and health data are identified and/or
exploited by attaching a health tag to a media content item
based on the predicted health effects of consuming the media
content item. The health tag may indicate the predicted
health effect of consuming the media content item. In some
embodiments, such health tags may be attached to media
items by performing steps 2012, 2014, and 2016 of subrou-
tine 2010, or by performing steps 2012, 2032, 2014, and
2016 of subroutine 2010. Such health tags may be used, for
example, to identify media content items which, when
consumed, are predicted to have a particular effect on the
user.

[0194] In some embodiments, relationships between
media consumption data and health data are identified and/or
exploited by diagnosing the user with a health condition
based, at least in part, on a determination that the user’s
media consumption data matches a media biomarker for the
health condition. In some embodiments, such diagnoses may
be obtained by performing steps 2032, 2034, and 2036 of
subroutine 2010. Such diagnoses may be used, for example,
to screen individuals for further examination and evaluation
relating to the health condition.

[0195] The individual steps of subroutine 2010 are now
described. Although some steps (e.g., steps 2012, 2014, and
2032) are shared by multiple paths through subroutine 2010,
repetitive discussion of the steps of subroutine 2010 is
avoided in the interest of brevity.

[0196] In step 2022, at least a portion of the media
consumption data obtained in step 2002 and at least a portion
of the health data obtained in step 2002 are mapped to values
of one or more sensory parameters. The portions of media
consumption data and health data mapped to the sensory
parameters may correspond to the same time period. In some
embodiments, the sensory parameters correspond to visual,
auditory, tactile, olfactory, and/or taste properties of sensory
information. Some examples of sensory parameters are
described above. Other sensory parameters are possible.
[0197] Insome embodiments, the media consumption data
are mapped to a first visualization parameter, and the health
data are mapped to a second visualization parameter. Each
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of the visualization parameters may control, for example, the
color, transparency, shape, rotation, translation, and/or pixi-
lation of a graphic displayed to the user. Other visualization
parameters are possible. In some embodiments, the two
visualization parameters may be different parameters of the
same graphic. In some embodiments, the two visualization
parameters may be the same or different parameters of
distinct graphics.

[0198] In step 2024, sensory information representing the
values of the sensory parameters may be presented to the
user. The sensory information may include visual informa-
tion, auditory information, tactile information, olfactory
information, and/or taste information. Some techniques for
presenting sensory information are described above. Other
techniques for presenting sensory information are possible.
[0199] In some embodiments, correlation data regarding a
correlation between a portion of the media consumption data
and a portion of the health data are generated and mapped to
a sensory parameter. Mapping correlations between media
consumption data and health to sensory parameters may
facilitate identification of strong correlations by the user.
[0200] In step 2032, media biomarker data are obtained.
The media biomarker data includes one or more media
biomarkers. Each media biomarker may include data iden-
tifying a media consumption signature and a health state (or
health condition) associated with the media consumption
signature. In some embodiments, a media biomarker may
include data indicating a strength of an association (e.g.,
correlation) between the media consumption signature and
the health state. In some embodiments, a media biomarker
may include data indicating whether the biomarker is diag-
nostic or predictive. Predictive biomarkers indicate that
media consumption consistent with the biomarker’s media
consumption signature is predicted to drive the user’s health
state toward the health state identified by the biomarker.
Diagnostic biomarkers indicate that the presence of the
biomarker’s media consumption signature in the user’s
media consumption data is predictive of the user having the
health condition identified by the biomarker.

[0201] Obtaining the media biomarker data may include
loading the data from a memory device or receiving the data
over a computer network. Alternatively or in addition, media
biomarker data may be generated. Generating media bio-
marker data may involve obtaining health data regarding the
health of a population and obtaining media consumption
data regarding media consumption of the population. The
population’s media consumption data may include a media
consumption signature. Generating the media biomarker
data may further involve generating relationship data regard-
ing a relationship between the media consumption signature
and a portion of the population’s health data corresponding
to a health condition. If the strength of the relationship
exceeds a threshold strength, a media biomarker may be
generated. The generated biomarker may include data iden-
tifying the media consumption signature, the associated
health condition, and the strength of the association between
the signature and the health condition.

[0202] A media consumption signature may include one or
more media consumption characteristics of a population. In
some embodiments, media consumption characteristics
include the amount of media consumed by the population
(e.g., frequency and duration of media consumption), the
rate at which media is consumed by the population, a range
of media consumption amounts or rates, one or more media
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consumption preferences of the population, and/or one or
more patterns of media consumption by the population.
Some embodiments of media consumption signatures and
characteristics are described above. Other media consump-
tion signatures and characteristics are possible. In some
embodiments, the media consumption characteristics of a
signature may apply to media consumption generally, or to
consumption of particular types of media content (e.g.,
media content within a particular content category, or media
content having particular features).

[0203] The relationship or association between a media
consumption signature and a health condition may be a
correlation. Techniques for determining the strength of cor-
relation (e.g., tests of the statistical significance of a corre-
lation) between a media consumption signature and a health
condition are described above. Other techniques for deter-
mining the strength of correlation are possible.

[0204] Instep 2034, a determination is made as to whether
the media consumption signature associated with the health
condition (the biomarker’s signature) matches the media
consumption data for the user. Determining whether the
biomarker’s signature matches the media consumption data
for the user may involve identifying one or more media
consumption signatures in the user’s media consumption
data and comparing the biomarker’s signature with the
user’s signatures. In cases where the signatures include
media consumption patterns, the patterns may be compared
using any suitable pattern matching technique. In cases
where the signatures include media consumption amounts,
rates, or ranges, the signatures may be compared using any
suitable numerical comparison technique. Exact identity
between the two signatures may not be required to determine
that the signatures match. In some embodiments, it may be
determined that two signatures match when the signatures
are sufficiently similar.

[0205] In step 2036, the user is diagnosed with the health
condition indicated by the media biomarker based, at least in
part, on a determination that the biomarker’s signature
matches the user’s signature. The diagnosis may also be
based, for example, on the results of medical diagnostic
tests. In some embodiments, subroutine 2010 also includes
a step (not shown) of prescribing a therapy for the user
based, at least in part, on the determination that the bio-
marker’s signature matches the user’s signature. Prescribing
the therapy may involve recommending that the user con-
sume one or more specified media content items. In some
embodiments, the therapy may be prescribed in connection
with a drug prescription or a medical intervention.

[0206] As described above, portions of the media con-
sumption data obtained in step 2002 may correspond to two
or more media content items having one or more same
features. In step 2012, the strength of the relationship
between the user’s health state and the user’s consumption
of media content having those features is determined, based
at least in part on the portions of media consumption data
corresponding to the user’s consumption of the media con-
tent items having those features. The determination may also
be based, at least in part, on the synchronized health data, the
contextual data, and/or the user’s media preferences. Some
techniques for determining the strength of a relationship
(e.g., a correlation) between a health state and media content
consumption are described above. Other techniques are
possible.
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[0207] 1In step 2014, a prediction is made as to how
consumption of a media content item is likely to affect a
user’s health. The prediction may be based, at least in part,
on a determination (made in step 2012) that there is a
sufficiently strong association between the user’s health state
and the user’s consumption of media content having the one
or more features. In some embodiments, the association is
determined to be sufficiently strong if the strength of the
association exceeds a threshold strength. In some embodi-
ments, the prediction is based, at least in part, on a deter-
mination that the signature of a biomarker (e.g., a predictive
biomarker) matches a signature in the user’s media con-
sumption data. In some embodiments, the prediction is
based, at least in part, on one or more user preferences
relating to the media content and/or to the one or more
features of the media content.

[0208] In some embodiments, the prediction is based, at
least in part, on a determination that there is a sufficiently
strong association between a population’s health state and
the population’s consumption of media content having the
one or more features. In some embodiments, the association
is determined to be sufficiently strong if the strength of the
association exceeds a threshold strength. In some embodi-
ments, the population consists entirely of users other than
the user to whom the prediction pertains. In some embodi-
ments, the population includes the user to whom the pre-
diction pertains and other users. In some embodiments, the
population includes a single user, such that the prediction is
personalized to the user.

[0209] In some embodiments, the media content data
obtained in step 2002 does not include the media content
item to which the prediction pertains. Thus, using the
techniques described herein, the impact of consuming a
media content item on a user’s health may be predicted even
if the user has never consumed the media content item
before or if media consumption data corresponding to the
user’s consumption of the item has not been used to make
the prediction. In some embodiments, the media content
item to which the prediction pertains has the one or more
features that were shared by two or more media content
items corresponding to the media consumption data. In some
embodiments, the predicted effect on the user’s health
includes a predicted change in the user’s intent to purchase
certain goods or services.

[0210] The predicted effects of consuming the media
content item may include long-term effects on the user’s
health and/or short term effects on the user’s health. In some
embodiments, short-term effects include effects that are
immediately detectable upon the user consuming the media
item, or detectable within seconds, minutes, or hours (e.g.,
up to approximately eight hours) after the user consumes the
media item. In some embodiments, long-term effects include
effects that are detectable at least a specified time period
(e.g., approximately eight hours) after the user consumes the
media item. In some embodiments, an effect on the user’s
health is “detectable” if the corresponding health parameters
can be detected using specified health sensors or medical
tests.

[0211] In step 2016, a health tag is attached to the media
content item to which the prediction of step 2014 pertains.
The health tag may be attached to the media content item as
metadata of the media content item. In some embodiments,
the health tag includes information indicating the predicted
health effect of consuming the media content item. The
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predicted health effect may be specific to one or more users
(personalized), or may apply to a population. In some
embodiments, the predicted health effect includes a pre-
dicted change in a user’s (or population’s) intent to purchase
certain goods or services.

[0212] In step 2018, one or more media content items are
recommended or provided to the user for consumption. The
media content item(s) may be selected based, at least in part,
on a prediction that consuming the item(s) will maintain the
user’s current health state or facilitate a transition to a target
health state. In some embodiments, the selection of the
media content item(s) is based, at least in part, on health tags
associated with the one or more media content items. For
example, the health tags may indicate that the media content
items are suitable for maintaining the user’s current health
state or driving the user to a target health state. In some
embodiments, the selection of the media content item(s) is
based, at least in part, on the strength of the relationship
between one or more features of the item(s) and the user’s
current or target health state. In some embodiments, the
selection of the media content item(s) is based, at least in
part, on the strength of the relationship between a pattern of
media consumption by the user and the user’s current or
target health state. For example, the selected media content
item(s) may be arranged such that consuming the media
content item(s) (e.g., in a recommended sequence) yields the
pattern of media consumption.

[0213] FIG. 21 illustrates another method 2100 for iden-
tifying and exploiting relationships between media con-
sumption and health, according to some embodiments. The
method 2100 may be used to diagnose the existence of a
health condition in a population.

[0214] In step 2102, media biomarker data are obtained.
The media biomarker data include one or more media
biomarkers (e.g., diagnostic media biomarkers). Each media
biomarker may include data identifying a media consump-
tion signature and a health state (or health condition) asso-
ciated with the media consumption signature. In some
embodiments, a media biomarker may include data indicat-
ing a strength of an association (e.g., correlation) between
the media consumption signature and the health state. Tech-
niques for generating or otherwise obtaining media biomark-
ers are described above. In some embodiments, the media
biomarker data are provided by a research tool. Some
embodiments of media consumption signatures are
described above.

[0215] Instep 2104, media consumption data are obtained.
The media consumption data may correspond to media
consumption of a population. In some embodiments, the
population corresponding to the media consumption data is
the same population whose media consumption data and
health data were used to generate the media biomarker data.
In some embodiments, those two populations differ. Either
population may consist of a single person, or may comprise
two or more people (e.g., people who have one or more
characteristics in common). In cases where the population
consists of a single user, the media consumption data and the
analysis thereof is personalized to the user.

[0216] Instep 2106, a determination is made as to whether
the signature of a media biomarker matches the media
consumption data of the population. Techniques for deter-
mining whether a media consumption signature matches a
set of media consumption data are described above.
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[0217] In step 2108, a diagnosis is made. The population
may be diagnosed with the health condition associated with
the media biomarker based, at least in part, on a determi-
nation that the biomarker’s signature matches the popula-
tion’s media consumption data. In some embodiments, the
diagnosis is also based on other data, including but not
limited to the population’s health data and/or results of
medical tests administered to members of the population,
[0218] In step 2110, information associated with the diag-
nosis of the health condition is communicated to a user.
Communicating the information may include displaying the
information, causing the information to be displayed, pre-
senting the information audibly (e.g., using text-to-speech
synthesis), causing the information to be presented audibly,
and/or transmitting the information (e.g., over a communi-
cation network).

[0219] In some embodiments, the method 2100 further
includes a step of predicting, based at least in part on the
determination that the biomarker’s signature matches the
population’s media consumption data, a health effect (for a
member of the population) of consuming a particular item of
media content. In some embodiments, the method 2100
further includes a step of attaching a health tag to a media
content item as metadata of the media content item based, at
least in part, on a determination that the media content item
matches the biomarker’s signature. The health tag may
include information indicating that consumption of the
media content item is associated with the health condition
corresponding to the biomarker.

[0220] In some embodiments, the method 2100 further
includes a step of prescribing a therapy for a member of the
population, based at least in part on the determination that
biomarker’s signature matches the population’s media con-
sumption data. In some embodiments, the prescribed therapy
includes consuming particular items of media content (e.g.,
a recommended set or sequence of media content items). In
some embodiments, the prescribed therapy also includes
administration of a drug or performance of a medical
intervention in connection with the consumption of the
particular items of media content. In some embodiments,
consuming the media content items may improve the effi-
cacy of the drug or medical intervention.

[0221] In some embodiments, the status of the health
condition in the population is monitored by repeatedly (e.g.,
periodically, intermittently, at scheduled times, at randomly
selected times, etc.) obtaining new media consumption data
for the population and determining whether the biomarker’s
signature matches the population’s new media consumption
data.

[0222] Some Target Groups and Applications

[0223] Some embodiments can be implemented as per-
sonalized monitoring platforms to continuously track and
analyze users’ media consumption patterns through a broad
set of activities and environments. Individuals that can use
these platforms can be any person, especially those inter-
ested in monitoring their general media consumption and
gaining insights into their media preferences in different
contexts. All types of media consumers ranging from music
and other media aficionados to occasional recreational
media users can benefit from the platform to evaluate their
consumption of different types of media, music by certain
artists, specific albums or songs during their daily activities,
as well as to identify their favorite artists, genres and media
pieces. Such platforms would be particularly beneficial to
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individuals interested in evidence-based selection of media,
and in improved personalized playlist generation to match
specific activities and environments. For example, students
can use the platform to identify media items that improve
their focus and concentration, or memory processing for
more efficient leaming. Similarly, elderly users can identify
media content that improves their sleep quality, and athletes
can identify media that improves their performance in an
exercise or sport. Such individuals and groups can further
benefit from embodiments of the present invention that
employ a biofeedback mechanism to automatically recom-
mend and render suitable media content to effect the desired
health state during a current activity.

[0224] The present disclosure describes methods to mea-
sure the effect of individual media items on a person’s
health. As such, some embodiments can identify and render
media content that is efficacious in achieving a specific
health state of a user. Some embodiments can therefore be
implemented as a personalized therapeutic platform that can
be used by individuals as a self-therapy tool to manage
non-clinical conditions in daily living, for example to regu-
late their mood, stress, pain and overall activity and well-
being. Platforms that have been customized for, and vali-
dated in clinical populations can be prescribed by therapists
and medical professionals as primary or adjuvant therapeutic
interventions in various clinical indications. There are
numerous potential populations that can benefit from pre-
scribed therapeutic media platforms, including but not lim-
ited to patients that have been diagnosed with clinical
depression or anxiety, cardiovascular problems, sleep disor-
ders, fatigue, chronic and acute pain, mental disorders (e.g.,
Alzheimer’s disease), movement disorders (e.g., Parkin-
son’s disease), patients in post-surgical and post-stroke
recovery, and patients with other clinical conditions in which
media content may have a therapeutic effect.

[0225] Other individuals that can benefit from some
embodiments include biomedical and life science research-
ers, clinicians and therapists who can employ the disclosed
system as a research platform to test the effect of specific
media content on human health and physiology and/or to
identify media biomarkers indicative of health states. For
instance, the platform can be employed to test how a genre
of music or a specific song affects cardiovascular parameters
or activates the emotional, motor or other centers in the
brain. Similarly, the techniques disclosed herein have utility
as a commercial and marketing research platform, and
would be of value to the media content industries for
assessing the effects of new media content on users. As an
illustrative example, music composers can employ the com-
mercial research platform to test how listeners respond to a
new music composition, or to evaluate which of multiple
alternate music compositions is most effective in inducing a
desired emotional response or physiological state in listen-
ers. As another example, movie producers could deploy
multiple versions of a movie trailer to sub-groups of plat-
form users to determine which trailer elicits a positive user
response and increases (e.g., maximizes) the movie or ticket
purchasing behavior of the target population. Similarly
clinics, hospitals, airport waiting areas, restaurants, shops,
departmental stores and other commercial institutions that
use music and other media to create a specific ambience can
utilize some embodiments of the present invention to deter-
mine which media content is most effective in generating a
desired mood and mental state in their clients and customers.
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Some embodiments can further be employed to identify and
stratify categories, clusters or subgroups of users having
similar health responses to a media content type or item for
participation in a clinical or commercial research study. User
stratification can additionally aid targeted marketing appli-
cations, where some embodiments can deploy marketing
media content customized to specific subgroups of users
who have been determined to have a positive response to
media items of similar types and content. For example, the
platform may advertise an upbeat song from a music album
to 20 year old individuals that have been determined to
respond positively to energetic music, and showcase another
song with lower beats per minute and less rhythmic variation
from the same album to users in their 60s in order to increase
(e.g., maximize) purchase of the album by both groups.
[0226] Some embodiments be incorporated into multime-
dia and virtual environments to create immersive user expe-
riences. For example, the platform can be deployed in an
interactive computer game to personalize and adapt the
gaming environment to the player’s current physiological
and mental state. As another example, virtual classrooms
may employ the platform to continuously test the mental
state of attendees and customize the presented media content
to improve or maintain class attention and learning.

Example 1: Personalized Platform to Track Music
Preferences and Consumption Pattern

[0227] We have designed and built a prototype personal-
ized media, health and environment tracking platform
according to aspects of the present disclosure. The platform
operates as a software application on smartphone devices
and mobile tablets. It interfaces with music streaming soft-
ware applications on the user’s device to gather data on the
attributes and features of songs streamed to the user. The
platform interfaces with the accelerometer and gyroscope of
the mobile device to obtain data on the user’s activity level,
steps, pace etc. Activity data is also accrued from software
applications that interface with wearable activity monitors
such as a Fithit® band. Data on a user’s heart rate, respi-
ration rate, blood pressure, skin temperature and electroder-
mal skin activity is gathered from interfacing suitable heart
rate, respiration and BP monitors, and sensors that measure
skin conductance; weather and seasonal data is collected
from weather software applications installed on the device,
and location data is obtained from the inbuilt device GPS. A
user can enter additional information of the type not col-
lected from the interfacing applications and devices (e.g.
his/her mood and type of current activity such as reading,
running etc.) by directly entering the information through
the user interface.

[0228] FIG. 4 illustrates data from an exemplary user of
the prototype platform. The platform tracks the user’s music
consumption pattern, weather and heart rate (HR) through-
out his daily activities, and the user enters information
regarding the type of activity he is engaged in through the
application user interface (FIG. 4A). The platform analyses
the user’s frequency of streaming various types of music and
individual songs, and identifies correlations between music
and user activity, heart rate and weather. FIG. 4B shows the
user’s tracked data that has been filtered on the activity
parameter to selectively display music that was streamed
when the user was driving. By conducting a frequency
analysis and constructing histograms of song utilization, the
platform determined that the user listens to Strauss’s “Blue
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Danube”, Beethoven’s “Symphony No 57, Nina Simone’s
“Feeling Good” and Ella Fitzgerald’s “Blue Skies” more
frequently while driving than rock or pop music. The
platform further implemented regression analysis on the
media and weather data, and found that the user listens to the
classical pieces “Blue Danube” and “Symphony No 5” while
driving on a sunny day: on rainy days he plays the jazz
pieces by Nina Simone and Ella Fitzgerald (FIG. 4C).
Regression analysis between the media and physiology data
revealed that listening to classical music correlates with an
average heart rate (HR) of 72 bpm for this user, while
listening to jazz music correlates with a higher average HR
of 81.6 bpm. Therefore, the platform continuously tracked
the user’s music consumption pattern and determined the
user’s media preferences to be classical music while driving
on a sunny day and jazz music when driving on a rainy day,
and the user’s HR to be higher when he listened to jazz
music.

Example 2: Clinical Music App with Biofeedback
for Cardiovascular Regulation

[0229] The prototype platform can be customized as a
therapeutic clinical tool for regulating cardiovascular
parameters. The platform is deployed as a prescribed sofi-
ware app on a patient’s smartphone or mobile tablet. When
anew user activates the app, it first initiates a learning phase
of suitable duration. During this phase the app first tracks the
patient’s music consumption data and pattern through his/
her various activities. It evaluates the effects of the con-
sumed media on the patient’s cardiovascular parameters by
measuring his/her heart rate and blood pressure before,
during, and after he/she listens to each song. These mea-
surements are incorporated into a personalized media-health
profile and predictive health model of the patient, and are
used to provide suitable media feedback to the patient in the
second phase. The second phase is a biofeedback phase,
during which the platform continuously monitors the
patient’s cardiovascular parameters and recommends/ren-
ders songs measured to improve these parameters when they
fall outside a predetermined normal range for the patient.
FIG. 5A tabulates data from an exemplary patient. The
platform determined that listening to classical music pro-
duced an immediate decrease in the patient’s heart rate by an
average magpitude of 10 beats per minute. On the other
hand, listening to jazz music increased his heart rate by an
average of 5 beats per minute. During the biofeedback
phase, the app continuously monitored the patient’s heart
rate and blood pressure and automatically rendered classical
music to the patient when his heart rate rose above the
predetermined threshold of 85 bpm (FIG. 5B).

Example 3: Discovery Platform for Personalized
Health and Music Biomarkers for Anxiety

[0230] The prototype platform can be deployed as a dis-
covery application on a user’s smartphone or mobile tablet.
The application runs continuously and passively in the
background on the user’s device and tracks the user’s music
consumption pattern and health data (e.g., heart rate, blood
pressure, respiration rate, electrodermal activity and skin
temperature) throughout his/her daily living. The user addi-
tionally inputs information on periods of high anxiety
through the user interface. The user’s health and music
consumption data collected via the health and media mod-
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ules of the application are time synchronized and conveyed
to the analysis engine for evaluation of patterns and asso-
ciations in the data. The analysis engine first processes
individual data streams to filter out noise and anomalies by
applying entropy and energy based filters. When the quality
of data is determined to be greater than a pre-specified
threshold value, the analysis engine implements machine
learning and statistical analysis techniques comprising fea-
ture extraction, covariate analyses and ANCOVA linear
regressions on the health and music consumption data to
identify patterns that are significantly associated with the
‘anxious’ user health state. In an exemplary user, the analy-
sis engine identified that during episodes of high anxiety, the
user’s heart rate and blood pressure increased by 10% and
respiration rate increased by 20% over baseline values
recorded prior to the period of anxiety. Additionally, there
was greater than one degree increase in the user’s skin
temperature and his electrodermal skin activity signal
increased sharply by over three times the average daily
maximum value and was sustained at these high levels for a
period of at least ten minutes. It therefore classified these
combined synchronous changes in the health data to be
indicative of the anxious health state. The analysis engine
further determined that there was a significant correlation
between episodes of high anxiety and a 50% increased
preference for rock music with characteristics of tempo
equal to 160-180 beats per minute, high syncopation and
polyphonic texture for this user. Therefore, it characterized
‘a 50% increased preference for rock music with tempo of
160-180 beats per minute, high syncopation and polyphonic
texture’ as the music biomarker associated with high anxiety
for the user. The personalized music biomarker for anxiety
was recorded in the user’s music-health profile. In subse-
quent use of the platform, the analysis engine was able to
intelligently determine that the user was in an anxious health
state exclusively from music consumption data, when his
music consumption pattern matched the personalized music
biomarker identified for this condition.

Example 4: Embedded Application for Immersive
Gaming Experience

[0231] The prototype platform can be deployed as an
embedded software application in a commercial 3D videog-
ame to provide gamers a more immersive gaming experi-
ence. A player participates in the game in the form of a
virtual avatar that has to complete certain tasks to advance
to the next level. The player wears sensors and stands on a
mat that collectively monitor his motor movements, which
are then translated into movements performed by his avatar.
For example, he jogs on the mat to make his avatar run, or
moves his hand to direct his avatar to perform a similar hand
movement. The player additionally wears an activity and
heart rate monitor during the game session. These monitors
interface with the embedded media and health tracking
system of the present disclosure, which continually tracks
the player’s steps, pace and heart rate, and also interfaces
with the game’s media module. The game initiates with a
training session, during which the player is presented dif-
ferent media content from the game’s media database and
his health responses to the presented media content are
measured, analyzed and recorded. This is followed by actual
gameplay, during which the embedded application rapidly
selects and customizes the media presented to the player
depending on his/her avatar’s current activity and environ-
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ment in the game. For example, if the avatar is running, the
embedded application selects and presents media content
that has been determined to increase the pace and heart rate
of the user, so he experiences a physiological state that is
commonly elicited while running. Alternately, the embedded
application presents media content that is measured to
reduce the player’s heart rate and induce a relaxed state
when his avatar is sleeping or relaxing. Therefore, the
embedded application interfaces between the physiology
and activity of the real user and the activity and environment
of his virtual game avatar to create an engaging and immet-
sive gaming experience.

[0232] An Implementation

[0233] Implementations of the subject matter (e.g., meth-
ods) and the operations described in this specification can be
implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures
disclosed in this specification and their structural equiva-
lents, or in combinations of one or more of them. Imple-
mentations of the subject matter described in this specifica-
tion can be implemented as one or more computer programs,
i.e., one or more modules of computer program instructions,
encoded on computer storage medium for execution by, or
to control the operation of, data processing apparatus. Alter-
natively or in addition, the program instructions can be
encoded on an artificially-generated propagated signal, e.g,.,
a machine-generated electrical, optical, or electromagnetic
signal, that is generated to encode information for transmis-
sion to suitable receiver apparatus for execution by a data
processing apparatus. A computer storage medium can be, or
be included in, a computer-readable storage device, a com-
puter-readable storage substrate, a random or serial access
memory array or device, or a combination of one or more of
them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a
source or destination of computer program instructions
encoded in an artificially-generated propagated signal. The
computer storage medium can also be, or be included in, one
or more separate physical components or media (e.g., mul-
tiple CDs, disks, or other storage devices).

[0234] The methods and operations described in this
specification can be implemented as operations performed
by a data processing apparatus on data stored on one or more
computer-readable storage devices or received from other
sources.

[0235] The term “data processing apparatus” encompasses
all kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application-specific
integrated circuit). The apparatus can also include, in addi-
tion to hardware, code that creates an execution environment
for the computer program in question, e.g., code that con-
stitutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform
runtime environment, a virtual machine, or a combination of
one or more of them. The apparatus and execution environ-
ment can realize various different computing model infra-
structures, such as web services, distributed computing and
grid computing infrastructures.

[0236] A computer program (also known as a program,
software, software application, script, or code) can be writ-
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ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand-alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language resource), in a
single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more
modules, sub-programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

[0237] The processes and logic flows described in this
specification can be performed by one or more program-
mable processors executing one or more computer programs
to perform actions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cir-
cuit).

[0238] Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read-only
memory or a random access memory or both.

[0239] FIG. 22 shows a block diagram of a computer
2200. The elements of the computer 2200 include one or
more processors 2202 for performing actions in accordance
with instructions and one or more memory devices 2204 for
storing instructions and data. Generally, a computer 2200
will also include, or be operatively coupled to receive data
from or transfer data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto-optical
disks, or optical disks. However, a computer need not have
such devices. Moreover, a computer can be embedded in
another device, e.g., a mobile telephone, a personal digital
assistant (PDA), a mobile audio or video player, a game
console, a Global Positioning System (GPS) receiver, or a
portable storage device (e.g., a universal serial bus (USB)
flash drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[0240] To provide for interaction with a user, implemen-
tations of the subject matter described in this specification
can be implemented on a computer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liquid crystal
display) monitor, for displaying information to the user and
a keyboard and a pointing device, e.g., a mouse or a
trackball, by which the user can provide input to the com-
puter. Other kinds of devices can be used to provide for
interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback,
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e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form,
including acoustic, speech, or tactile input. In addition, a
computer can interact with a user by sending resources to
and receiving resources from a device that is used by the
user; for example, by sending web pages to a web browser
on a user’s client device in response to requests received
from the web browser.

[0241] Implementations of the subject matter described in
this specification can be implemented in a computing system
that includes a back-end component, e.g., as a data server, or
that includes a middleware component, e.g., an application
server, or that includes a front-end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back-end, middleware, or
front-end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN™), an inter-
network (e.g., the Internet), and peer-to-peer networks (e.g,,
ad hoc peer-to-peer networks).

[0242] The computing system can include clients and
servers. A client and server are generally remote from each
other and typically interact through a communication net-
work. The relationship of client and server arises by virtue
of computer programs running on the respective computers
and having a client-server relationship to each other. In some
implementations, a server transmits data (e.g., an HTML
page) to a client device (e.g., for purposes of displaying data
to and receiving user input from a user interacting with the
client device). Data generated at the client device (e.g., a
result of the user interaction) can be received from the client
device at the server.

[0243] A system of one or more computers can be con-
figured to perform particular operations or actions by virtue
of having software, firmware, hardware, or a combination of
them installed on the system that in operation causes or
cause the system to perform the actions. One or more
computer programs can be configured to perform particular
operations or actions by virtue of including instructions that,
when executed by data processing apparatus, cause the
apparatus to perform the actions.

[0244] In some embodiments, a computer 2200 or a com-
puter system executes a media/health program 2206. The
media‘health program may implement the methods and
operations described in the present disclosure. Different
versions of the media/health program may be stored, dis-
tributed, or installed. Some versions of the software may
only some embodiments of methods for identifying and
exploiting relationships between health data and media
consumption data. For example, some versions may imple-
ment only certain steps of subroutine 2010 or certain paths
through subroutine 2010. Some versions of the software
may allow an operator to control which embodiments of the
techniques described herein are performed on a data set. For
example, an operator may select one or more settings
corresponding to particular embodiments of the techniques
described herein, and the software may then execute the
steps of subroutine 2010 that correspond to the specified
embodiments. Multiple embodiments of the techniques
described herein may be performed in sequence or in
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parallel. For example, the software may execute steps of
subroutine 2010 forming multiple paths through subroutine
2010 serially or in parallel.

[0245] While this specification contains many specific
implementation details, these should not be construed as
limitations on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular implementations of particular inventions. Certain
features that are described in this specification in the context
of separate implementations can also be implemented in
combination in a single implementation. Conversely, vari-
ous features that are described in the context of a single
implementation can also be implemented in multiple imple-
mentations separately or in any suitable subcombination.
Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a subcombination
or variation of a subcombination.

[0246] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all illus-
trated operations be performed, to achieve desirable results.
In certain circumstances, multitasking and parallel process-
ing may be advantageous. Moreover, the separation of
various system components in the implementations
described above should not be understood as requiring such
separation in all implementations, and it should be under-
stood that the described program components and systems
can generally be integrated together in a single software
product or packaged into multiple software products.
[0247] Thus, particular implementations of the subject
matter have been described. Other implementations are
within the scope of the following claims. In some cases, the
actions recited in the claims can be performed in a different
order and still achieve desirable results. In addition, the
processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential
order, to achieve desirable results. In certain implementa-
tions, multitasking and parallel processing may be advanta-
geous.

[0248] A number of implementations have been described.
Nevertheless, it will be understood that additional modifi-
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cations may be made without departing from the scope of the
inventive concepts described herein, and, accordingly, other
implementations are within the scope of the following
claims.

What is claimed is:

1. A system for inducing a physical state in a user,
comprising:

a sensor associated with the user;

an audio output device; and

a computer configured to:

obtain, from a database, an identification of a type of

music associated with a first phase of sleep;
determine, based on data from the sensor, that a user is in
a second phase of sleep;

select music of the type associated with the first phase of

sleep; and

output the selected music to the user through the audio

output device.

2. The method of claim 1, further comprising;

obtaining, from a sensor associated with the user, updated

health condition data, the health condition data indi-
cating the user’s progress towards the first phase of
sleep;

based on the updated health condition data, modifying the

selected music; and

outputting the modified music to the user.

3. The method of claim 2, wherein obtaining the updated
health condition data comprises monitoring the user’s res-
piration rate.

4. The method of claim 1 wherein the identification of a
type of music associated with a first phase of sleep com-
prises a genre of music.

5. The method of claim 2 wherein the identification of a
type of music associated with the first phase of sleep
comprises data describing acoustic attributes of music.

6. The method of claim 5 wherein the acoustic attributes
of music comprise one or more of beat, tempo, and pitch.

7. The method of claim 6 wherein modifying the selected
music comprises reducing the tempo of the music.

8. The method of claim 1 wherein determining that the
user is attempting to fall asleep comprises monitoring a
user’s biometric data and time of day.
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