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SENSOR-ENABLED FEEDBACK ON SOCIAL INTERACTIONS

TECHNICAL FIELD
This disclosure generally relates to providing automatic informational
output (e.g., feedback) on social interactions of a user with one or more other
individuals, via connected devices of the user. The feedback can be provided,
for example, to a user of a hearing assistance device, such that the user can
change/maintain an extent or type of his or her social interactions based on the
feedback.

BACKGROUND
Physical and/or mental disabilities often affect a person’s social
interactions. For example, individuals suffering from hearing losses may be
prone to a risk of isolating themselves from other people around them. Even
when a person is using a hearing aid, the tendency of social isolation may
persist, which may be attributed to, for example, perceived embarrassments

associated with using hearing aids.

SUMMARY

In one aspect, this document features a computer-implemented method
that includes receiving location information associated with a location of a user-
device, and receiving, from one or more sensor devices, user-specific
information about a user associated with the user device. The method also
includes estimating, by one or more processors, based on (i) the user-specific
information and (ii) the location information, a set of one or more parameters
indicative of social interactions of the user. The method further includes
generating a signal representing informational output based on comparing the
set of one or more parameters to corresponding threshold values, and
providing the signal for causing a presentation of the informational output on an
output device.

In another aspect, this document features a system that includes an

analysis engine having one or more processing devices. The analysis engine
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is configured to receive location information associated with a location of a
user-device, and receive, from one or more sensor devices, user-specific
information about a user associated with the user device. The analysis engine
is also configured to estimate, based on (i) the user-specific information and (ii)
the location information, a set of one or more parameters indicative of social
interactions of the user. The analysis engine is further configured to generate a
signal representing informational output based on comparing the set of one or
more parameters to corresponding threshold values, and provide the signal for
causing a presentation of the informational output on an output device.

In another aspect, this document features one or more machine-
readable storage devices having encoded thereon computer readable
instructions for causing one or more processors to perform various operations.
The operations include receiving location information associated with a location
of a user-device, and receiving, from one or more sensor devices, user-specific
information about a user associated with the user device. The operations also
include estimating, by one or more processors, based on (i) the user-specific
information and (ii) the location information, a set of one or more parameters
indicative of social interactions of the user. The operations further include
generating a signal representing informational output based on comparing the
set of one or more parameters to corresponding threshold values, and
providing the signal for causing a presentation of the informational output on an
output device.

In various implementations, the aspects of the technology described
above can include one or more of the following features.

The location information can include information representing a number
of individuals interacting with the user at the location. The user-specific
information can include information on dynamics of a conversation between the
user and one or more individuals interacting with the user. The information on
the number of individuals can be obtained based on detecting a presence of
one or more devices associated with at least a subset of the individuals. The
presence of one or more devices can be detected based on one or more

wireless signals received from the one or more devices. The one or more
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wireless signals can include a Bluetooth® signature of a corresponding device.
The set of one or more parameters indicative of social interactions of the user
can include a metric of speech intelligibility of the user. Determining the metric
of speech intelligibility can include performing speech recognition on utterances
by the user, identifying, from at least a portion of the recognized speech, a
number of occurrences of one or more predetermined phrases that are
indicative of difficulty in understanding speech, and determining the metric of
speech intelligibility as a function of the number of occurrences of the one or
more predetermined phrases. The location information can include a sound
pressure level (SPL) at the location. The set of one or more parameters
indicative of social interactions of the user can include a participation metric
indicative of a level of participation of the user in a conversation with one or
more individuals. The participation metric can include determining a first metric
indicating an amount of time that the user speaks during a predetermined time
period, determining a second metric indicating an amount of time for which the
one or more of the individuals speak during the predetermined time period, and
estimating the participation metric as a function of the first metric and the
second metric. The participating metric can be compared to a threshold value
in estimating the set of one or more parameters indicative of the social
interactions of the user. Estimating the set of one or more parameters
indicative of the social interactions of the user can include obtaining one or
more metrics representing a physiological condition of the user, and estimating
the set of one or more parameters based also on the one or more metrics. The
one or more metrics representing the physiological condition of the user can
include one or more of. a heart rate, a heart rate variability, an
electrocardiogram (EKG) metric, an electroencephalogram (EEG) metric, body
temperature, galvanic skin resistance (GSR), and one or more metrics
associated with a motion of the user. The set of one or more parameters
indicative of the social interactions of the user can include at least one
parameter indicative of a stress level of the user. The set of one or more
parameters indicative of the social interactions of the user can include at least

one parameter indicative of an engagement level of the user. The informational
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output can include one or more instructions for the user. The informational
output can include one or more of: an audio, a video, an image, text, or a haptic
feedback. The output device can include one of: a smartphone, a tablet device,
a wearable device, or a hearing-assistance device. The set of one or more
parameters indicative of the social interactions of the user can be stored on a
storage device, wherein the set of one or more parameters is linked with the
location information.

Various implementations described herein may provide one or more of
the following advantages.

Individuals who are aware of the social risks of isolation stemming from
a disability (e.g., hearing loss) can use the technology described herein to track
and/or modify their social interactions. Various aspects of social interactions
such as conversation dynamics, frequency of going out, and characteristics of
the social settings can be automatically derived and tracked using sensors
disposed on various user devices. The informational output signal can be used
by an individual to understand, maintain, and/or change his or her social
behavior, for example, to conform to a personal goal or established norms. In
some cases, this may lead to beneficial social, psychological, cognitive, and/or
health effects, thereby leading to overall well-being of the individual. In some
cases, caregivers (e.g., a parent, spouse, or healthcare provider) may be
permitted to monitor and understand social interactions of an individual, and
provide more personalized care or advice accordingly. The technology can be
used as a basis of a reward program directed to, for example, incentivizing a
particular type of social behavior.

Two or more of the features described in this disclosure, including those
described in this summary section, may be combined to form implementations
not specifically described herein.

The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features, objects,
and advantages will be apparent from the description and drawings, and from

the claims.
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DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing an example of an environment for providing
predictions of ambient acoustic features.
FIGs. 2A-2E show examples of user interfaces for providing
informational output on a user's social interactions.
FIG. 3 is a flowchart of an example process for providing informational

output on a user’s social interactions.

DETAILED DESCRIPTION

An individual's social interactions and engagements are often affected
by disabilities or chronic illnesses. For example, a person suffering from
hearing loss may, knowingly or unknowingly, avoid social interactions that
require listening and responding to other people. In some cases, this can
happen unknowingly because hearing loss often occurs gradually, and affected
individuals often take a long time in realizing and/or accepting that they have
hearing loss. Even when individuals are diagnosed with hearing loss, in some
cases they may be resistant to using hearing aids, possibly because of
incorrect and preconceived notions about embarrassment associated with
using hearing aids. In situations like the above, impaired hearing may result in
impaired communications, thereby leading to social anxiety, withdrawal, and
ultimately a constricted lifestyle. This can in turn affect the general well-being
of the individuals, and may result in permanent or long-term changes in their
social behavior.

While hearing assistance devices (e.g., hearing aids, personal amplifiers
etc.) address hearing loss issues, such devices may not always directly help in
improving social interactions of the users. For example, even when a user
starts using hearing aids, the user may continue to be afflicted with social
interaction issues associated with hearing loss. In some cases, such social
interaction issues may have developed over many years, and could therefore
be challenging to overcome simply by using hearing assistance devices. In

another example, the very fact that an individual is wearing a hearing aid can
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affect the individual’s social interactions because the individual may not want
other people to learn about his/her disability.

Impaired social interactions may be manifested in various ways. In
some cases, a hearing-aid user may withdraw from conversations or social
interactions in keeping with habits developed over many years of not using
hearing aids. In other cases, a hearing-aid user may tend to talk more than
he/she normally would, for example, to avoid situations where he or she would
have to listen and respond to other people. In some cases, a hearing-aid user
may tend to avoid social visits or engagements. The hearing aid users may
engage in such behavior with or without realizing that the behavior could be
perceived by some as non-conforming to established social norms. In such
cases, providing the users informational output on their social interactions can
help the users adjust their interactions, such that their interactions better
conform to a predefined goal and/or a quantifiable standard of social norms.
This in turn may improve social interactions of the user over time, thereby
mitigating one or more of social, psychological, cognitive and health effects of
hearing loss.

The technology described in this document can be used to provide
automatic informational output on social interactions, for example, via a mobile
or wearable device of a user. The social interactions can be quantified, for
example, by estimating one or more metrics representing contexts and natures
of the interactions based on information collected using sensors disposed on
one or more user devices. The estimated metrics can then be compared
against predetermined values or ranges (e.g., representative of personal goals
or quantifiable standards of social norms) to provide the informational output to
the user. The informational output can notify the user of any deviation from the
predetermined values or ranges such that the user may adjust his/her behavior
to reduce the deviation. This document describes the subject technology
primarily using examples of informational output provided to users of hearing
aids. However, the technology may be used for providing informational output
on social interactions of a user in various other situations, such as where the

user is afflicted with other physical, psychological, cognitive, or social
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disabilities or challenges. The technology may also be used for providing
informational output to users who do not suffer from any particular illness or
disability, but want to change their social interactions towards a predetermined
standard or goal.

FIG. 1 shows an example environment 100 for generating and
presenting informational output on social interactions of one or more
individuals. The environment 100 includes a computing device (such as the
server 122) that includes an analysis engine 125. The analysis engine 125 is
configured to generate one or more informational output signals 103 for
example, based on location information 106 and/or user-specific information
107, as received from one or more user devices. The acoustic information
(e.g., the time-specific information 107 and/or the location-specific information
106) may be obtained from various sources. Examples of user devices can
include a handheld device 102 such as a smartphone, a tablet, an e-reader, or
a media playing device. The user devices can also include hearing assistance
devices such as a hearing aid 104 or a personal amplifier 108. The user
devices can also include wearable devices 110 such as a wireless-enabled
watch or a fitness tracker, or a social sensor device such as a sociometric
badge described in the publication: Olguin and Pentland, Social Sensors for
Automatic Data Collection, Proceedings of the Fourteenth Americas
Conference on Information Systems, Toronto, ON, Canada August 14th-17th
2008, the content of which is incorporated herein by reference. The user
devices can be configured to communicate, for example, over a network 120,
with a remote computing device such as the server 122. In some
implementations, at least a portion of the functionalities of the server 122 can
be implemented on a local computing device such as a laptop or desktop
computer, or a handheld device. The server 122 (or the local computing
device) can include one or more processors or processing devices 128.

The location information 106 can include various types of information
about the locations 105a, 105b, 105¢, 105d, etc. (105 in general). For
example, the location information 106 can include information on where a user

is, what the acoustic characteristics are of the location, and/or number of
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individuals at the location. The location information can be in the form of, for
example, GPS information determined by a user device, or location information
provided by the user (e.g., location information provided via a social networking
website). In some implementations, the location-specific information 106 can
include information on an acoustic environment of a corresponding location
105. For example, the location-specific information can include information on
various acoustic features (e.g., sound level, reverberation, or power spectrum
of ambient noise) of the environment at the various locations 105, and/or other
non-acoustic features (e.g., a type of location). The information on the various
acoustic features can include, for example, various spectral, temporal, or
spectro-temporal statistics, including, for example, overall sound pressure level
(SPL), variation in sound pressure level over time, sound pressure level in a
number of frequency bands, variation of level in each band over time, the
estimated signal-to-noise ratio, the frequency spectrum, the amplitude
modulation spectrum, cross-frequency envelope correlations, cross-
modulation-frequency envelope correlations, outputs of an auditory model,
speech transmission index (STI), and/or mel-frequency cepstral coefficients.
The acoustic information can also include information identifying a presence of
one or more acoustic sources of interest (e.g., human speakers), or acoustic
sources of a predetermined type (e.g., background music).

In some implementations, the acoustic information can be directly
measured by corresponding user devices. For example, with appropriate user-
permission, a user device such as a smartphone 102, a hearing aid 104, or a
personal amplifier 108, can be used to measure SPL at corresponding locations
105. In some implementations, the acoustic information can be derived from
one or more other parameters measured by the user devices. For example,
SPL information can be derived from a recording of ambient sounds, as
obtained using a smartphone 102. In some implementations, the user devices
can be configured to measure an estimated reverberation time at the
corresponding locations.

The acoustic information obtained for various locations can include time-

specific information. The time-specific portion of the acoustic information can
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have associated with it, one or more parameters that link the acoustic
information to a particular time point or period of time. For example, the time-
specific information can include a time stamp, which links the corresponding
acoustic information to, for example, a time of the day, a day of the week, or a
month. The acoustic information can also have associated with it, one or more
parameters that link the acoustic information to a particular location or type of
location. For example, the location-specific information 106 can include one or
more identifiers that identify a location type (e.g., a restaurant, the users home,
a stadium, or a concert hall) for the corresponding locations. In some
implementations, the acoustic information can be used to determine a
proportions of time the user is in a noisy and quiet environments.

The location specific information 106 can be obtained with various
degrees of granularity. In some implementations, the location associated with
the acoustic information can be determined based on global positioning system
(GPS) coordinates associated with the user device. In some implementations,
a plurality of candidate locations can be presented via a user interface (e.g., on
a smartphone), and a user can be asked to select the most accurate location.
In some implementations, a cellular network or a local network (e.g., a
Bluetooth® network or Wi-Fi network) can be used in identifying locations with a
high degree of resolution. For example, information from a Wi-Fi network (also
referred to as Wi-Fi sniffing) can be used (possibly in conjunction with GPS
data) to determine where a user may be located within a particular building,
structure, or location. In such cases, the acoustic information can be linked to
different parts of the corresponding location, for example, to determine the
location of the user with high precision. Resolution of the location can also be
improved, for example, based on user-inputs received via the user devices.
For example, when selecting the most accurate location from a plurality of
choices, a user can be asked to identify a sub-part of the corresponding
location.

In some examples, the location-specific information 106 includes
information on a number and/or type of individuals present in a vicinity of the

user. For example, Bluetooth® sniffing can be used, for example, to estimate
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the number of people in the vicinity of the user, or determine a density of
people in the area. In some implementations, Bluetooth® signatures from
devices may be used to track which individuals are present near the user. In
some implementations, the analysis engine 125 may use this information to
determine, for example, if these individuals are the ones that the user typically
hangs out with, or if they are new associates. The analysis engine 125 can
also be configured to use the location information 106 to determine, for
example, if there is there a lot of time-variation in the number and/or type of
signatures (representing, for example, that the useris in a crowded place such
as a mall) orif the signature set is substantially constant (representing, for
example, a more static setting such as a gathering of a particular set of
individuals). In some implementations, location data associated with
Bluetooth® signatures may be tracked over a time period to identify, for
example, one or more individuals that the user is in proximity to during that time
period. In some implementations, Bluetooth® signatures of individuals can be
analyzed by the analysis engine 125 to determine one or more attributes about
a social circle of a user. For example, the information can be used to identify
one or more regular signatures associated with the user, frequencies with
which such signatures are in the vicinity of the user, and/or times at which such
signatures are in the vicinity of the user.

The user-specific information 107 can include various types of
information that may be affected by the social interactions of the user. For
example, the user-specific information 107 can include various physiological
parameters associated with a stress level of the user. The physiological
parameters can be used by the analysis engine to determine, for example, how
engaged the user is in a particular environment, or whether or not they are
feeling increased stress (e.g., over a predefined baseline). Examples of the
physiological parameters can include heart rate, heart rate variability,
electrocardiogram (EKG), electroencephalogram (EEG), body temperature, and
galvanic skin resistance (GSR). In some implementations, the physiological
parameters can include motion data associated with body motion and/or motion

of the limbs or head. The physiological parameters can be sensed, for
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example, using one or more sensors disposed in the user devices. For
example, motion sensors such as accelerometers disposed in the user devices
(e.g., smartphones, hearing assistance devices, or wearable devices) can be
used for sensing hand waving. Sensors disposed in wearable devices or
hearing assistance devices can be used for head tracking or gaze tracking.
Sensors disposed in wearable devices such as watches or fitness trackers can
be used for sensing one or more of heart rate, heart rate variability, EKG, EEG,
body temperature, and GSR.

The user-specific information 107 can also include one or more
parameters representing the user's communications (e.g., conversations) with
other individuals in social settings. In some implementations, this can include
portions of the location-specific information 106 such as Bluetooth® signatures
of individuals that is used, for example, to identify people who interact with the
user in the social settings. In some implementations, the user-specific
information 107 includes parameters representing conversation dynamics
associated with a user's conversations in social settings. Examples of such
parameters can include information identifying whether the user speaks more
or less frequently in noisy environments relative to quiet environments, or
whether the user speaks more or less frequently as the number of known
signatures changes. Examples can also include a representation of the user’s
baseline for speaking in certain types of environments, and whether the
baseline change over time (for example, in the vicinity of a given individual or
individuals).

The analysis engine 125 can be configured to determine one or more
parameters representing conversation dynamics of a user based atleast on a
portion of the location-specific information 106 and/or the user-specific
information. In some implementations, the analysis engine 125 can be
configured to derive the conversation dynamics parameters, for example,
based on determining a number of participants in a conversation, and detecting
a percentage of time the user contributes to the conversation. The number of
participants N in the conversation can be determined or estimated in various

ways, including, for example, manually via user input, by using gaze tracking or
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using head-mounted accelerometers to estimate a number of discrete head
positions as a proxy to participants in a conversation, or by using Bluetooth®
sniffing to quantify the number of Bluetooth radios within a vicinity of the user.
The percentage contribution of the user can be estimated, for example, by
estimating an amount of time T, that the user is talking in a conversation, and
an amount of time T, that others are talking in the conversation. The
parameters T, and T, can be estimated, for example, based on inputs from
sensors such as microphone(s) placed in contact with orin close proximity to
the user, for example, in one or more user devices. The inputs from such
sensors can be processed by the analysis engine 125, for example, using voice
detection and spectral analysis, to identify speech from different individuals,
and to estimate the parameters T, and T,. The portion of the conversation that
the user actually contributes to (C,) and the portion that the user is expected to
contribute to (C)) can then be calculated as:

Ca = (T/Tu+To))
(1)

Ci=1/N
2)
In some implementations, if

C.-C>Z (where Zis a tolerance level for a typical conversation)
3)
the user is determined to be contributing too much to the conversation.
Conversely, if

Ca-Ci<-1*Z
4
the user is determined to be not contributing enough to the conversation. The
tolerance Z can be determined or estimated in a variety of ways, including, for
example, based on a default value, based on a user-input, or based on an
estimate for a given standard. Such an estimate can be determined, for
example, based on a combination of acoustic analysis, voice detection, and/or

location data. If neither equation (3) nor equation (4) is satisfied, the user can
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be determined to be contributing to a conversation in accordance with the
standard being used.

In some implementations, the user-specific information 107 can include
one or more parameters indicative of a speaker’s speech intelligibility, which
the analysis engine 125 can use to determine whether the user is having
difficulty in following a conversation. Such an intelligibility parameter can be
determined, for example, based on detecting occurrences of one or more user-
spoken words or phrases that indicate diminished speech intelligibility. For
example, the analysis engine 125 can be configured to implement a speech
detection process that detects phrases such as “what?”, “can you repeat that?”,
‘huh?”, or other phrases typically used in asking someone to repeat
something, and keep a count of such occurrences. If the number of
occurrences exceeds a threshold over a given period of time, the analysis
engine 125 can be configured to determine that the user is having speech
intelligibility issues. In such cases, the informational output signal 103 can
include a prompt or instruction for the user to adjust the settings for the
corresponding hearing-assistance device. In some implementations, the
analysis engine 125 can be configured to generate an informational output
signal 103 that includes one or more control signals for automatically adjusting
the gain and/or directivity of the hearing assistance device.

In some implementations, the analysis engine 125 can be configured to
determine one or more metrics representing whether the user is going out for
social visits and outings. This can include determining, for example, if the user
is going out with known associates or friends (identified, for example, via
Bluetooth® signatures), leaving his/her house outside of work hours, or visiting
places conducive for social interactions. Such metrics can also include a
number of days that a user goes out for social visits or outings. In some
implementations, the analysis engine 125 can be configured to determine, as a
metric representing a user’'s social outings, an extent of a user's whereabouts.
For example, assuming D to be a 95% confidence interval of the standard
deviation of GPS coordinates associated with the user's whereabouts, a small

D may indicate that the user stays in one place, whereas a large D can indicate
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that the user moves around. The parameter D can be absolute or relative.
Absolute D may be represented as D,, and may represent, for example, the
user's propensity to move relative to groups. If the users D, is larger than a
group average of a group that the user belongs to, the analysis engine may be
configured to determine that the user gets out more than other individuals in the
group. Conversely, a relative D may be represented as D,, and may represent
a propensity to move around relative to past behavior. If the user's D, is
increasing over time, the analysis engine can be configured to determine that
the user may be going out more than before.

In some implementations, the analysis engine 125 can be configured to

sample GPS coordinates over time to calculate the following:

©)

©®)

wherein X,, denotes periodically sampled GPS X coordinates over a fixed
analysis window of N samples, and Y,, denotes periodically sampled GPS Y
coordinates over a fixed analysis window of N samples. The analysis engine
125 can be further configured to compute the standard deviations of the dX and
dY as:

o = [FE, (K - 2

(7)

oy = [FELL (Y - )?

(8)

The analysis engine is further configured to compute a radius that

contains 95% of the data points as:

14



WO 2017/074913 PCT/US2016/058610

10

15

20

25

30

2DRMS = 2,[07 + 02
©)

Whether or not the user is moving around can then be determined based on
the quantity calculated using equation (9). In some implementations, if the
quantity 2DRMS is greater than D, the analysis engine 125 can be configured
to determine that the user is satisfactorily engaging in social visits.

In some implementations, the analysis engine 125 can be configured to
determine, as a metric representing a user’s social outings, an extent of
variation in SPL at the various locations that the user visits. For example,
assuming V to be a variation in loudness, a small V may indicate that the user
stays in one place or type of place, whereas a large V can indicate that the user
visits locations with diverse or variable sound levels. The parameter V can be
absolute or relative. Absolute V may be represented as V,, and may represent,
for example, the user's propensity to visit different places relative to groups.
Conversely, a relative V may be represented as V;, and may represent a
propensity to visit different places relative to past behavior.

In some implementations, the analysis engine 125 can be configured to
receive sample SPL levels at various locations over time to calculate the

following:

dSPL, = SPL, — SPL
(10)

wherein dSPL, denotes periodically sampled SPL levels over a fixed analysis
window of N samples, and SPL denotes an average over the N samples. The
analysis engine 125 can be further configured to compute the standard

deviations of dSPL as:

o, = \]%zgvzl(dsmi — )2
(a1 Whether or not the user is moving around can then be determined

based on the quantity calculated using equation (9). In some implementations,
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if the quantity o, is greater than V, the analysis engine 125 can be configured
to determine that the user is satisfactorily engaging in social visits.

In some implementations, the analysis engine 125 can be configured to
derive one or more metrics of social interactions based on at least a portion of
the physiological data, location-specific information 106, and/or other user-
specific information. Forinstance, physiological data such as hand movement
may be correlated with speech detection to determine an engagement level of
the user. In one example, if the user is detected to use significant amount of
hand motions during speaking, the analysis engine 125 could be configured to
determine a high level of engagement and/or interest in the corresponding
social interaction. Conversely, if the user does not use any hand or head
movements during speaking, the analysis engine 125 may determine that the
user's engagement level and/or interest in the corresponding social interaction
is not high. Engagement or interest levels can also be estimated, for example,
using physiological data such as heart rate, heart rate variability, EKG, EEG,
and/or body temperature. In some implementations, engagement or interest
levels can also be estimated based tracking head motions or gaze direction.
For example, if a user is determined to be looking at a speaker during a
conversation, the analysis engine may be configured to estimate a high level of
engagement. On the other hand, if a user is estimated to look away or shift
gaze direction intermittently, the analysis engine 125 can be configured to
estimate a relatively low level of engagement or interest.

In some implementations, the user-specific information 107 can include
information on the user’s TV watching behavior. This can include detecting, for
example, using sensors disposed on one or more user devices, a volume level
of the TV that the user is exposed to relative to set norms, and tracking
changes over time. The analysis engine 125 can be configured to use the
information on TV watching behavior to determine, for example, identity of one
or more individuals watching TV with the user, location of the TV within the
environment of the user, and whether conversations occur during watching TV.
The identity of the one or more individuals can be determined, for example, by

identifying corresponding Bluetooth® signatures, or possibly via a speaker
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recognition process. The speaker recognition process can also be configured
to separate human conversations from TV sounds. Alocation of the TV can be
determined, for example, using gaze detection. For example, in the absence of
any conversation, the user's gaze direction can be identified to estimate the
location of the TV. This information may be used by the analysis engine 125,
for example, to separate the TV location from the location of other individuals in
the room.

The user-specific information 107 and/or the location specific information
106 obtained from various user devices may be stored on a storage device 130
accessible by the analysis engine 125, for example, as a database 132, and
used in generating the one or more recommendations for different users. For
example, user's usage of hearing assistance devices at various locations can
be tracked and stored in the database, and subsequently analyzed by a
machine learning process. Once trained, the machine learning process can be
used for recommending, for example, locations and/or time for social
interactions for various users. For example, if a user experienced difficulties in
his/her social interactions at a particular restaurant environment (as
manifested, for example, by the user’s difficulty in communicating with other
individuals, withdrawing from communications, or experiencing high stress
during communications), a similar restaurant or environment would not be
recommended to the user. In some cases, such an environment may be
recommended only on certain days or at certain times.

Based on at least a portion of the location-specific information 106
and/or the user-specific information 107, the analysis engine 125 can be
configured to generate one or more informational output signals 103. The
informational output signal 103 can cause presentation of a user-intelligible
feedback on a user device. In some implementations, the user-intelligible
feedback includes a graphical output presented on a display of a user device
such as a handheld device or wearable device. In some implementations, the
user-intelligible feedback can include audio or video output presented through a
user device. The user-intelligible feedback can also include haptic feedback

provided, for example, via a handheld device or wearable device. In such
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cases, the informational output signal 103 can cause activation of a haptic
interface on a corresponding user device to provide informational output to the
user discreetly. For example, if the analysis engine 125 determines that a user
is “tuning out” of a conversation, the user can be alerted by a haptic feedback
signal to make an effort to engage in the conversation.

In some implementations, the informational output signal 103 can be
configured to cause presentation of one or more messages on an application
executing on a user device such as a mobile device or a wearable device.
Examples of user interfaces of such an application are depicted in FIGs. 2A-2E.
FIGs. 2A-2C show example user interfaces for providing informational output
on a conversation of the user. For example, if the user is determined to be not
participating in the conversation, the example user interface 200 (shown in FIG.
2A) can be used display an alert 202 and/or a suggestion 204 to participate
more. In some implementations, the interface 200 can include a query 206
seeking user-input on whether to continue providing informational output on the
conversation. This provides the user a choice to opt-in or opt-out of receiving
additional informational output. In another example, if a user is determined to
be speaking too much in a conversation, an example interface 220 (shown in
FIG. 2B) can be used to provide corresponding alerts and/or suggestions to the
user. In some implementations, a user interface can include a control 224 that
allows the user to access and adjust settings for a hearing assistance device.
This can be done, for example, directly from the application that causes the
presentation of the corresponding user-interface, or by launching another
application associated with the hearing assistance device. In some
implementations, if the user is performing satisfactorily in a social interaction,
positive feedback can be provided to the user via a user interface such as the
interface 230 (as shown in FIG. 2C). Such positive feedback may encourage
the user to maintain the level of engagement in the corresponding social
interaction.

FIGs. 2D and 2E depict example user interfaces 240 and 250,
respectively, for providing informational output and other information on a

user's social interactions over a period of time. For example, the interface 240
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(shown in FIG. 2D) shows a message 242 on a number of times the user has
engaged in social interactions in a given time period, and/or information 244 on
how the user's performance compares to a personal goal or other standard.
The interface 240 can also include an option 248 that allows the user to change
the personal goal or objective for an upcoming (or current) time period. In
another example, if the user is not engaging in enough social interactions, an
example interface 250 (shown in FIG. 2E) can be used to provide informational
output accordingly, and present suggestions 252 for remedial action. The
interface 250 can also be configured to present an option 254 of providing a
recommendation that the user can go to. In some implementations, the
suggestions can be provided using a trained machine learning process, as
described above.

Even though FIG. 1 depicts the analysis engine 125 as a part of the
server 122, in some implementations, at least a portion of the analysis engine
125 can reside on a user device such as a handheld device or wearable
device. In some implementations, the entire analysis engine may be
implemented on a user device. Various machine learning processes can be
used by the analysis engine 125 in determining the one or more predicted
ambient acoustic features. For example, one or more machine learning
techniques such as linear regression, deep neural networks, naive Bayes
classifiers, and support vector machines may be used to determine a
relationship between the independent variables and the dependent variables.
The technology described herein can also facilitate various types of user
interaction with the analysis engine 125. The interactions can be facilitated, for
example, by a user interface provided via an application that executes on a
user device. The application can be configured to measure one or more
parameters representative of the acoustic environment of the location in which
the handheld device is present. The application can also be configured to
provide the measured parameters to the analysis engine 125 as at least a
portion of the user-specific information 107 or location-specific information 106.

FIG. 3 shows a flowchart of an example process 300 for providing

informational output on a user's social interactions. The operations of the
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process 300 can be performed on one or more of the devices described above
with respect to FIG. 1. For example, at least a portion of the process 300 can
be performed by the analysis engine 125, which can be implemented on one or
more servers 122. Portions of the process 300 (which in some cases can
include the entire process) can also be performed on a handheld device 102 or
another computing device.

Operations of the process 300 includes receiving location information
associated with a location of a user device (310). The location information can
include, for example, one or more features described with reference to the
time-specific information 107 and/or location-specific information 106 described
above with reference to FIG. 1. For example, the location information can
include, a time stamp, GPS information, and/or information on acoustic
characteristics of a location (e.g., SPL).

The operations also include receiving user-specific information about a
user associated with the user device (320). The user-specific information can
be received, for example, from one or more sensors. The sensors can be
deployed on or more user devices associated with the user. In some
implementations, the user-specific information can include information
representing a number of individuals interacting with the user at the location. In
some implementations, the location information includes information on
dynamics of a conversation between the user and one or more of the
individuals interacting with the user. The information on the number of
individuals can be obtained based on detecting a presence of one or more
devices associated with at least a subset of the individuals. This can be done,
for example, by detecting one or more wireless signals (e.g., Bluetooth®
signatures) received from the one or more devices.

Operations of the process 300 further includes estimating a set of one or
more parameters indicative of social interactions of the user (330). In some
implementations, the set of one or more parameters includes a metric of
speech intelligibility of the user. The metric of speech intelligibility can be
determined, for example, by performing speech recognition on utterances by

the user, and identifying, from at least a portion of the recognized speech, a
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number of occurrences of one or more predetermined phrases that are
indicative of difficulty in understanding speech. Examples of such
predetermined phrases can include, but are not limited to, “what?”, “can you
repeat that?”, “huh?”, and other phrases typically used in asking someone to
repeat something. In some implementations, the metric of speech intelligibility
can then be determined as a function of the number of occurrences of the one
or more predetermined phrases.

In some implementations, the set of one or more parameters indicative
of social interactions of the user can include a participation metric indicative of
a level of participation of the user in a conversation. The participation metric
can be determined, for example, by determining a first metric indicating an
amount of time that the user speaks during a predetermined time period, and
determining a second metric indicating an amount of time for which the one or
more of the individuals speak during the predetermined time period. In some
implementations, the participation metric can then be estimated as a function of
the first metric and the second metric, for example, using equations (1)-(4).

In some implementations, the set of one or more parameters indicative
of social interactions of the user can include one or more mobility metric
representing whereabouts of a user with respect to a predetermined location
such as the user's home or work place. Such a mobility metric can represent,
for example, whether and/or to what extent the user travels from the
predetermined location, and may therefore be indicative of social interactions of
the user. In some implementations, the mobility metric may be calculated, for
example, using one or more of equations (5)-(11).

In some implementations, estimating the set of one or more parameters
indicative of the social interactions of the user can also include obtaining one or
more metrics representing a physiological condition of the user, and estimating
the set of one or more parameters based also on the one or more metrics. The
one or more metrics representing the physiological condition of the user can
include, for example, a heart rate, a heart rate variability, an electrocardiogram
(EKG) metric, an electroencephalogram (EEG) metric, body temperature,

galvanic skin resistance (GSR), and one or more metrics associated with a
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motion of the user. In some implementations, the set of one or more
parameters indicative of the social interactions of the user can include, for
example, at least one parameter indicative of a stress level of the user, and/or
at least one parameter indicative of an engagement level of the user.

Operations of the process 300 also includes generating a signal
representing informational output based on comparing the set of one or more
parameters to corresponding threshold values (340). In some implementations,
the threshold values can correspond to user-defined goals, and/or standards
representing predefined social norms. In some implementations, the
informational output includes one or more instructions for the user. The
informational output can include, for example, one or more of an audio, a video,
an image, text, or a haptic feedback.

Operations of the process 300 can also include providing the signal for
causing a presentation of the informational output on an output device (350).
The information can be presented, for example, on a user-interface displayed
on a computing device (e.g., a smartphone, tablet computer, a wearable
device, or a desktop or laptop computer) of the user. The user interfaces can
include any of the interfaces described with reference to FIGs. 2A-2E. In some
implementations, the set of one or more parameters indicative of the social
interactions of the user may be stored on a storage device. The set of one or
more parameters can be stored linked with the location information. In some
implementations, a machine learning process may be trained using the stored
data, for example, to provide to s user location recommendations for social
interactions.

The functionality described herein, or portions thereof, and its various
modifications (hereinafter “the functions”) can be implemented, at least in part,
via a computer program product, e.g., a computer program tangibly embodied
in an information carrier, such as one or more non-transitory machine-readable
media, for execution by, or to control the operation of, one or more data
processing apparatus, e.g., a programmable processor, a computer, multiple

computers, and/or programmable logic components.

22



WO 2017/074913 PCT/US2016/058610

10

15

20

25

30

In some implementations, an API (e.g., a RESTful APl with JSON/XML
output) and/or an embeddable plug-in, can be configured to interact with the
analysis engine 125. The API or plug-in can be configured to forward queries
about by venues to the analysis engine, and receive, for example, a JavaScript
object of acoustics-related data (e.g., measurements, predictions, or tips). This
can allow third-party websites and applications to be powered by the analysis
engine 125.

A computer program can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed
in any form, including as a stand-alone program or as a module, component,
subroutine, or other unit suitable for use in a computing environment. A
computer program can be deployed to be executed on one computer or on
multiple computers at one site or distributed across multiple sites and
interconnected by a network.

Actions associated with implementing all or part of the functions can be
performed by one or more programmable processors executing one or more
computer programs to perform the functions of the calibration process. All or
part of the functions can be implemented as, special purpose logic circuitry,
e.g., an FPGA and/or an ASIC (application-specific integrated circuit).

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. Components of a computer include a processor for executing
instructions and one or more memory devices for storing instructions and data.

Other embodiments not specifically described herein are also within the
scope of the following claims. Elements of different implementations described
herein may be combined to form other embodiments not specifically set forth
above. Elements may be left out of the structures described herein without
adversely affecting their operation. Furthermore, various separate elements
may be combined into one or more individual elements to perform the functions
described herein.
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WHAT IS CLAIMED IS:

1.

A computer-implemented method comprising:

receiving location information associated with a location of a user-
device;

receiving, from one or more sensor devices, user-specific
information about a user associated with the user device;

estimating, by one or more processors, based on (i) the user-
specific information and (ii) the location information, a set of one or more
parameters indicative of social interactions of the user,;

generating a signal representing informational output based on
comparing the set of one or more parameters to corresponding threshold
values; and

providing the signal for causing a presentation of the informational

output on an output device.

The method of claim 1, wherein the location information includes
information representing a number of individuals interacting with the user

at the location.

The method of claim 1, wherein the user-specific information includes
information on dynamics of a conversation between the user and one or

more individuals interacting with the user.

The method of claim 2, further comprising obtaining the information on
the number of individuals based on detecting a presence of one or more

devices associated with at least a subset of the individuals.

The method of claim 4, wherein the presence of one or more devices is
detected based on one or more wireless signals received from the one

or more devices.

The method of claim 5, wherein the one or more wireless signals
comprise a Bluetooth® signature of a corresponding device.
24
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7. The method of claim 1, wherein the set of one or more parameters
indicative of social interactions of the user include a metric of speech

intelligibility of the user.

8. The method of claim 7, wherein determining the metric of speech
intelligibility comprises:
performing speech recognition on utterances by the user,;
identifying, from at least a portion of the recognized speech, a
number of occurrences of one or more predetermined phrases that are
indicative of difficulty in understanding speech; and
determining the metric of speech intelligibility as a function of the

number of occurrences of the one or more predetermined phrases.

9. The method of claim 1, wherein the location information includes a

sound pressure level (SPL) at the location.

10.  The method of claim 1, wherein the set of one or more parameters
indicative of social interactions of the user includes a participation metric
indicative of a level of participation of the user in a conversation with one

or more individuals.

11.  The method of claim 10, wherein determining the participation metric

comprises:

determining a first metric indicating an amount of time that the
user speaks during a predetermined time period;

determining a second metric indicating an amount of time for
which the one or more of the individuals speak during the predetermined
time period; and

estimating the participation metric as a function of the first metric

and the second metric.
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12.

13.

14.

15.

16.

17.

18.

The method of claim 10, further comprising comparing the participating
metric to a threshold value in estimating the set of one or more

parameters indicative of the social interactions of the user.

The method of claim 1, wherein estimating the set of one or more
parameters indicative of the social interactions of the user further
comprises:

obtaining one or more metrics representing a physiological
condition of the user; and

estimating the set of one or more parameters based also on the

one or more metrics.

The method of claim 13, wherein the one or more metrics representing
the physiological condition of the user includes one or more of: a heart
rate, a heart rate variability, an electrocardiogram (EKG) metric, an
electroencephalogram (EEG) metric, body temperature, galvanic skin
resistance (GSR), and one or more metrics associated with a motion of

the user.

The method of claim 1, wherein the set of one or more parameters
indicative of the social interactions of the user comprises at least one

parameter indicative of a stress level of the user.

The method of claim 1, wherein the set of one or more parameters
indicative of the social interactions of the user comprises at least one

parameter indicative of an engagement level of the user.

The method of claim 1, wherein informational output includes one or

more instructions for the user.

The method of claim 1, wherein the informational output comprises one

or more of. an audio, a video, an image, text, or a haptic feedback.
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19.

20.

21.

22.

23.

The method of claim 1, wherein the output device includes one of. a
smartphone, a tablet device, a wearable device, or a hearing-assistance

device.

The method of claim 1, further comprising storing the set of one or more
parameters indicative of the social interactions of the user on a storage
device, wherein the set of one or more parameters is linked with the

location information.

A system comprising:
an analysis engine comprising one or more processing devices,
the analysis engine configured to:
receive location information associated with a location of a
user-device,
receive, from one or more sensor devices, user-specific
information about a user associated with the user device,
estimate, based on (i) the user-specific information and (ii)
the location information, a set of one or more parameters
indicative of social interactions of the user,
generate a signal representing informational output based
on comparing the set of one or more parameters to corresponding
threshold values, and
provide the signal for causing a presentation of the

informational output on an output device.

The system of claim 21, wherein the location information includes
information representing a number of individuals interacting with the user

at the location.

The system of claim 21, wherein the user-specific information includes
information on dynamics of a conversation between the user and one or

more individuals interacting with the user.
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24. The system of claim 21, wherein the set of one or more parameters
indicative of social interactions of the user include a metric of speech

intelligibility of the user.

25. The system of claim 21, wherein the set of one or more parameters
indicative of social interactions of the user includes a participation metric
indicative of a level of participation of the user in a conversation with one

or more individuals.

26. The system of claim 21, wherein the set of one or more parameters
indicative of the social interactions of the user is estimated by:
obtaining one or more metrics representing a physiological
condition of the user; and
estimating the set of one or more parameters based also on the
one or more metrics.
27. The system of claim 21, wherein the set of one or more parameters
indicative of the social interactions of the user comprises at least one

parameter indicative of a stress level of the user.

28. The system of claim 21, wherein the set of one or more parameters
indicative of the social interactions of the user comprises at least one

parameter indicative of an engagement level of the user.

29. The system of claim 21, wherein the output device includes one of. a
smartphone, a tablet device, a wearable device, or a hearing-assistance

device.

30. The system of claim 21, further comprising a storage device for storing
the set of one or more parameters indicative of the social interactions of
the user, wherein the set of one or more parameters is linked with the

location information.
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31.

32.

33.

34.

One or more machine-readable storage devices having encoded thereon
computer readable instructions for causing one or more processors to
perform operations comprising:

receiving location information associated with a location of a user-
device;

receiving, from one or more sensor devices, user-specific
information about a user associated with the user device;

estimating based on (i) the user-specific information and (ii) the
location information, a set of one or more parameters indicative of social
interactions of the user;

generating a signal representing informational output based on
comparing the set of one or more parameters to corresponding threshold
values; and

providing the signal for causing a presentation of the informational

output on an output device.

The one or more machine-readable storage devices of claim 31, wherein
the set of one or more parameters indicative of social interactions of the

user include a metric of speech intelligibility of the user.

The one or more machine-readable storage devices of claim 32, further
comprising instructions for:

performing speech recognition on utterances by the user,;

identifying, from at least a portion of the recognized speech, a
number of occurrences of one or more predetermined phrases that are
indicative of difficulty in understanding speech; and

determining the metric of speech intelligibility as a function of the

number of occurrences of the one or more predetermined phrases.

The one or more machine-readable storage devices of claim 31, wherein
the set of one or more parameters indicative of social interactions of the
user includes a participation metric indicative of a level of participation of

the user in a conversation with one or more individuals.
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35.

The one or more machine-readable storage devices of claim 34, further
comprising instructions for:

determining a first metric indicating an amount of time that the
user speaks during a predetermined time period;

determining a second metric indicating an amount of time for
which the one or more of the individuals speak during the predetermined
time period; and

estimating the participation metric as a function of the first metric

and the second metric.
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location of a user-device
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\ eceive information representing user-specific
information about a user associated with the user
device
330
\ Estimate a set of one or more parameters indicative
of social interactions of the user
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\ Generate a signal representing informational output
based on comparing the set of the one or more
parameters to corresponding threshold values
350

\ Provide the signal for causing a presentation of the
informational output on an output device
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