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INTEGRATION OF SENSOR-BASED CARDIOVASCULAR MEASURES
INTO PHYSICAL BENEFIT MEASURE RELATED TO
HEARING INSTRUMENT USE

[8301] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/810,298, filed February 25, 2019, and U.S. Provisional Patent Application No.
62/854,710, filed May 30, 2019, the entire content of cach of which is incorporated by

reference.

TECHNICAL FIELD

19602} This disclosure relates to hearing instruments,

ACKGROUND

(8603} In many people, hearing loss is a gradual process that occurs over many vears.
As a result, many people grow accustomed to hving with reduced hearing without
recognizing the auditory experiences and opportuntties they are missing. For example,
a person mught not realize how much less conversation he or she engages in due to his
or her hearing loss. As a resuit of hearing loss, reduced audibility, and reduced social
interaction, patients also experience follow-on effects sach as dementia, depression, and

generally poorer health,

SUMMARY
[88304] This disclosure describes a computing system that receives data from one or
more heanng instruments. Additionally, the compuoting system determines, based on the
data received from the one or more hearing instruments, a heart health measure fora
user of the one or more hearing instruments. The heart health measure is an indication
of one or more aspects of a health of a heart of the user. The computing system may
output an indication of the heart health measure. Other examples of this disclosure use
data received from the one or more hearing instruments to determuine levels of emotional
stress. Still other examples of this disclosure use data received from the one or more
hearing mstruments to determine whether the user has fallen.
[6603] In one example, this disclosure descnibes a computer-implemented method

comprising: receiving, by a computing system comprising a set of one or more
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clectronic computing devices, heart-related data from one or more hearing instruments;
determining, by the computing system, based on the heart-related data received from the
one or more hearing instruments, a heart health measure for a user of the one or more
hearing instruments, the heart health measure being an indication of one or more aspects
of a health of a heart of the user; and outputting, by the computing system, an indication
of the heart health measure to the aser of the heanng instruments,

18606] In another example, this disclosure describes a computer-implemented method
comprising: receiving, by a computing system comprising one or more electronic
computing devices, stress-related data from one or more hearing mstruments;
determining, by the computing system, based on the stress-related data, an emotional
stress measure of a user of the one or more hearing instruments, the emotional stress
measure being an indication of one or more aspects of a level of emotional siress of the
user; and outputting, by the computing system, an mndication of the emotional stress
measure 1o the user of the hearing nstruments.

{8607} In another exarmple, this disclosure describes a computer-implemented method
comprnising: obtaning, by a compuiing svstem, physiological data based on signals
generated by a first set of one or more sensors of a hearing instrument, wherein the
physiological data includes heart-related data; modifyving, by the computing system, a
sensitivity level of a fall detection algorithm based on the physiological data; and
performing, by the computing system, the fall detection algonthm to determne, based
on signals from a second set of one or more sensors of the heanng instrument, whether a
user of the hearing nstrument has fallen.

[6608] In another example, this disclosure describes a computer-implemented method
comprising: determining, by a compuating svstem, whether a user of a hearing
instrument has fallen; based on a deternunation that the user has fallen, activating, by
the computing system, one or more sensors of the bearing instrument that generate
heart-related data regarding the user; determining, bv the computing system, based on
the heart-related data, whether to prompt the user to confirm that the user has fallen: and
based on a determination to prompt the user to confirm that the user has fallen, causing,
by the computing systern, the hearing instrument to generate a message prompting the
user to confirm that the user has fallen.

18609} This disclosure also describes examples of computing systems having one or

more processors configured to perform the methods. Also described are computer-
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readable storage media having instructions for causing computer systems to perform the
methods.

(8618} The details of one or more aspects of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the technigues described in this disclosure will be apparent from the

description, drawings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

18611} FIG. 1 1s a conceptual diagram illustrating an example system that mcludes
hearing instriments, in accordance with one or more technigues of this disclosure.
[B612] FIG. 2 15 a conceptual diagram illustrating contnibutions of sub-components to a
cognitive benefit measure, in aceordance with one or more aspects of this disclosure.
16613} FIG. 3 15 a block diagram iHlustrating example componenis of a heaning
istrument, in accordance with one or more aspects of this disclosure,

18614} FIG. 4 15 a block diagram iHlustrating example components of a mobile
computing device, i accordance with one or more aspects of this disclosure.

[8615] FIG. 515 a flowchart illustrating an example operation of a computing system, 1n
accordance with one or more aspects of this disclosure.

[8316] FIG. 6 18 a flowchart tlustrating an example operation to compute a body fitness
measure in accordance with one or more aspects of this disclosure.

[8617] FIG. 715 a flowchart iflustrating an example operation {o compute a wellness
measure 1n accordance with one or more aspects of this disclosure.

(8618} FIG. ¥ 15 an example graphical user inmterface (GUI) for display of a cognitive
benefit measure in accordance with one or more aspects of this disclosure.

{8019} FIG. 9 18 an example GUI for display of a body fitness measure in accordance
with one or more aspects of this disclosure.

19620] FIG. 10 s an example GUI for display of a wellness measure m accordance with
ong or more aspects of this disclosure,

(8621} FIG. 11 is a block diagram dlustrating example components of a hearing
instrument, 1n accordance with one or more aspects of the disclosure.

166221 FIG. 12 is an example GUI for display of a wellness measure in accordance with

one or more aspects of this disclosure.
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16623] FIG. 13 15 an example GUT for display of a heart health interface m accordance
with one or more aspects of this disciosure.

(6624} FIG. 14A 15 a conceptual diagram illustrating a vanant of the GUE of FIG. 12, 1
accordance with one or more aspects of this disclosure.

[6625] FIG. 14B is a conceptual diagram Ulustrating a variant of the GUI of FIG. 12, 1n
accordance with one or more aspects of this disclosure.

19626] FIG. 15 is a conceptual diagram iHustrating an example calculation technigue for
a body score, in accordance with one or more aspects of this disclosure.

[8627] FIG. 16 1s a conceptual diagram ilustrating an example calculation technique for
a body score, in accordance with one or more aspects of this disclosare.

18628 FIG. 17 is a conceptual diagram tHlustrating an example user interface feature for
indicating values of components of heart health sub-component, in accordance with one
or more aspects of this disclosure.

19629} FIG. 18 is a conceptual diagram iHustrating an example user mterface feature for
mdicating values of components of heart health sub-component, in accordance with one
or more aspects of this disclosure.

(8638} FIG. 19 is a conceptual diagram tHlustrating an example user interface feature for
a goal-based heart health component in accordance with one or more aspects of thig
disclosure.

(8631} FIG. 20 1s a conceptual diagram ilustrating an example expanded activity sub-
component in which heart rate measurements are indicated for different types of
activities in accordance with one or more aspects of this disclosure.

[6632] FIG. 21 s a flowchart iHustrating an example operation, in accordance with one
or more aspects of this disclosure.

[8633] FIG. 22 is a flowchart tHustrating an example operation, in accordance with ong
or more aspects of this disclosure.

[B88334] FIG. 23 1s a flowchart of an example operation in which a computing system
uses stress-related data, in accordance with one or more aspects of this disclosure.
19633} FIG. 24 is a flowchart itHustrating an example operation in which a computing
system uscs stress-related data to determine whether to perfor an intervention action,
in accordance with one or more aspects of this disclosure.

18836] FHG. 25 is a flowchart tHustrating an example operation, in accordance with ong

or more aspects of this disclosure.
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{8637} FIG. 26 is a flowchart illustrating an example operation, in accordance with one

or more aspects of this disclosure.

BETAILED DESCRIPTION

16338} In this disclosure, ordmal terms such as “first,” “second,” “third.” and so on, are
not necessanly ndicators of positions within an order, but rather may be used to
distinguish different instances of the same thing. Exampies provided in this disclosure
may be vsed together, separately, or in various combinations.

(8639} FHG. 1 1s a conceptual diagram illustrating an example system 100 that includes
hearing mnstruments 1024, 102B, 1 accordance with one or more techniques of this
disclosure. This disclosure may refer to heanng instruments 102A and 102B
collectively, as “hearing instruments 102,77 A user may wear hearing instruments 102.
In some mstances, such as when the user has unilateral hearing loss, the user may wear
a single hearing mstrument. In other instances, such as when the user has bilateral
hearing loss, the user may wear two hearing instruments, with one hearing tnstrument
for cach car of the user.  In the example of FIG. 1, system 100 comprises hearing
instruments 102 and a computing svstem 104,

[8046] Addiuonally, systern 100 includes a computing system 104, Computing system
104 comprises one or more electromc devices. For instance, in the example of FIG. 1,
computing system 104 comprises a mobile device 106, a server device 108, and a
communication network 110, In other examples, mobile device 106 may be replaced
with one or more other types of devices, such as accessory devices, access gateways,
and so on.

(8041} Hearing mnstruments 102 may comprise one or more of various types of devices
that are configured to provide auditory stimuli to a user and that are designed for wear
and/or implantation at, on, or near an gar of the user. Hearing instruments 102 may be
worn, at least partially, i the ear canal or concha. Une or more of hearing instruments
102 may include behind the car (BTE) components that are wom behind the ears of the
aser. In some examples, hearing instniments 102 comprise devices that are at least
partially implanted into or osseointegrated with the skull of the user. In some examples,
one or more of hearing instruments 102 is able to provide auditory stimuli to the user

via a bone conduction pathway.
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[00642] In any of the examples of this disclosure, cach of hearing instruments 102 may
comprise a hearing assistance device. Hearnng assistance devices include devices that
help a user hear sounds in the aser’s environment. Example types of hearing assistance
devices may include hearing aid devices, Personal Sound Amplification Products
{(PSAPs), cochlcar implant svstems (which may imclude cochlear implant magnets,
cochlear implant transducers, and cochlear implant processors), and so on. In some
cxamples, hearing instruments 102 are over-the-counter, direct-to-consumer, or
prescription devices. Furthermore, in some examples, hearing instouments 102 mchude
devices that provide auditory stimuldi to the user that correspond to artificial sounds or
sounds that are not naturally in the user’s environment, such as recorded music,
computer-generated sounds, or other types of sounds. For instance, hearing instruments
102 may include so~called “hearables,” carbuds, earphones, or other types of devices.
Some types of hearing mstruments provide auditory stimuli to the user corresponding o
sounds from the user’s environmental and also artificial sounds.

[6043] In some cxamples, one or more of hearing mstruments 102 includes a housing or
shell that 1s designed to be worn in the ear for both aesthetic and functional reasons and
encloses the electronic components of the hearing instrument.  Such hearing instruments
may be referred to ag in-the-car (ITE), in-the-canal (1TC), completely-in-the-canal
(C1C), or mvisible-in-the-canal ({IC) devices. In some examples, one or more of
hearing mstruments 102 may be behind-the-car (BTE} devices, which include a housing
worn behind the ear contaims all of the electronic components of the hearing mstroment,
including the receiver (1., the speaker). The receiver conducts sound to an earbud
inside the car via an audio tube. In some examples, one or more of heanng instruments
102 may be receiver-in~-canal (RIC) hearing-assistance devices, which include a housing
worn behind the ear that contains electronic components and a housing wom in the car
canal that contains the receiver. The techniques of this disclosure are not imited to the
form of the heanng instrument, mobile device, or server device shown in FIG. 1

[8344] Hearing instruments 102 may be configured to commanicate with each other.
For instance, in any of the examples of this disclosure. hearing instruments 102 may
communicate with each other using one or more wirclessly communication
technologies. Example tvpes of wireless communication technology mclude Near-Field
Magnetic fnduction (NFMI} technology, a 900MHz technology, a BLUETOOTH™
technology, a WI-FI "™ technology, audible sound signals, ultrasonic communication

technology, infrared communication technology, an mductive communication
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cchnology, or another type of commmunication that does not rely on wires to transout
signals between devices. In some examples, hearing mstruments 102 use a 2.4 GHz
frequency band for wireless communication. In examples of this disclosure, hearing
mstrements 102 may communicate with cach other via non-wireless communication
links, such as via one or more cables, direct clectrical contacts, and so on.

[8345] Hearing instruments 102 are configured to communicate wirelessly with
computing svstem 104, For example, hearing instraments 102 and computing svstem
104 mav communicate wirelessly using a BLUETOOTH ™ technology, a WIF] ™
technology, or another type of wireless commumnication technology. In the example of
FIG. 1, hearing instruments 102 may commuonicate wirelessly with mobile deviee 106.
In some examples, hearing instruments 102 may use a 2.4 GHz frequency band for
wireless communication with mobile device 106 or other computing devices.

[8846] Mobile device 106 may commumnicate with server device 108 via communication
network 110, Communication network 110 may comprise one or more of various types
of communication nctworks, such as cellular data networks, WIFI ™ networks, the
Internet, and so on. Mobile device 106 may commumnicate with server device 108 to
store data to and retrieve data from server device 108, Thus, from the perspective of
mobile device 106 and hearing instruments 102, server device 108 may be considered to
be i the “cloud.”

8047} Hearing mstruments 102 may implement a variety of features that help a wearer
of hearing instruments 102 hear better. For example, hearing matruments 102 may
amplity the mtensity of incoming sound, amplify the intensity of certain frequenaies of
the mcoming sound, or translate or compress frequencies of the mcoming sound. In
another example, hearing instruments 102 may mplement a directional processing
mode in which hearing instruments 102 selectively amplifies sound onginating from a
particular direction {¢.g., to the front of the wearer) while potentially fully or partially
canceling sound onginating from other directions. In other words, a directional
processing mode may selectively attemuate off-axis unwanted sounds. The directional
processing mode may help wearers understand conversations cocurring i crowds or
other noisy environments. In some examples, bearing mstruwments 102 may reduce
noise by canceling out or attenuating certain frequencies. Furthemmore, in some
cxamples, hearing instrements 102 may help a wearer enjov audio media, such as music
or sound components of visual media, by outputting sound based on audio data

wirglessly transmuitted to hearing instruments 102,
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[0048] As previously mentioned, a person may lose their hearing gradually over the
course of many vears. Because hearing Joss may be a slow process, a person who 1g
gradually losing his or her hearing may grow accastomed to living with impaired
hearing and not realize the value added to the person’s life by being able to fully access
the anditory environment. For instance, the person may not realize how much less time
he or she spends mn conversation or enjoyving audio media because of the person’s
hearing loss. This may remain trug even after a person acquires a hearing instrument.
That is, because a person having a hearing instrument does not always wear the hearing
mstrument, the person may not realize the extent to which the hearning instrument
enhances his or her life while wearing the hearing tostrument as opposed to when the
person is not wearing the hearing instrument.

[8049] Rescarch has shown that people who more frequently interact with others and
their environments tend to have better cognitive skills and better emotional health, both
of which may lead to better health outcomes. However, depression and physical
mactivity mayv be more common among people who seldom converse with others. This
problem may be especially acute for older people, who are more likely to have hearing
loss.

{8658} In accordance with one or more technigues of this disclosure, a cognitive benefit
measure is calculated based on data collected by hearing wnstruments 102, In some
examples, the cognitive benefit measure is an indication of a change of a cognitive
benefit of the wearer of hearing mstruments 102 attributable to use of hearing
instrumenis 102 by the wearer of hearing instruments 102, In some examples, hearing
mstruments 102 calculate the cognitive benefit measure. In other examples, the
cognitive benefit measure 1s caleulated by one or more computing devices of computing
system 104. Forinstance, in the example of FIG. 1, mobile device 106 or server device
108 may calculate the cognitive benefit maeasure. For case of explanation, many of the
examples of this disclosure desceribe computing system 104 calculating the cogmitive
benefit measure. However, these examples can be adapted to scenarios where hearing
instruments 102 calenlates the cognitive benefit measure,

16651} As described herein, computing system 104 may caleulate a cognitive bencfit
measure for a wearer of heaning instruments 102 based on a plurality of sub-components
of the cognitive benefit measure. For example, ag part of determining the cognitive
benefit measure, computing system 104 may determine a plurality of sub-components of

the cognitive benefit measure and may determine the cognitive benefit measure based



WO 2020/176533 PCT/US2020/019739

on the plurality of sub-components of the cognitive benefit measure. In some examples,
hearing mstruments 102 deternines one or more of the sub-components of the cogmitive
benefit measore. In some examples, the sub-components melude one or more of an
“audibility” sub-component, an “intelligibility” sub-component, a “comfort” sub-
component, a “focus” sub-component, a “sociability” sub-component, and a
“connectivity” sub-component. In some examples, cach of the sub-components shares a
common range {¢.g., from 0 to 100}, which may make combination of data efficient. In
some examples, computing system |04 may reset cach of the sub~components for each
scoring pertod. For nstance, computing system 104 may reset the values of the sub-
components once per day or other recurrence period.

18652 The audibility sub-component for a wearer of heanng nstruments 102 s a
measure of the improvement in audibiltty provided to the wearer by hearing instruments
102, The andibility seb-component may be considered the amount of envirommental
sounds that are quigter than the wearer’s unaided audiometric thresholds, but that are
made audible through amplification by hearing instriments 102, scaled to a range used
by the other sub-components. In other words, the audibility sub-component 1s related to
hearing more guiet sounds in the wearer’s environment. To determine the audibility
sub-component, computing sysiemn 104 may compare a patient’s hearing thresholdstc a
standardized stimulus response across frequency. For instance, in some examples, the
audibility sub-component 1s caleulated by subtracting the percentage of a standardized
sound stimulus {e.g., a moderate-level (65 dB SPL) long-term averaged speech input)
that is audible without a hearing instrument from the percentage of sound that is audible
with a hearing mstrument; both percentages are calculated by dividing the number of
audible frequency channels in hearing tnstruments 102 by the number of total channels
in the device. A channel in a hearing instrument s a subset of frequencies over which
the processing of incoming sound can be different from that at other frequencies. For
example, a hearing aid channel may have a highpass cutoff of 1480 Hz, and a lowpass
cutoff of 1720 Hz. So, the “total channels™ in a heanng aid are the number of distinet
divisions of frequency. An “audible channel” is one wherein the level of the nput
stimulus (in dB SPL) plus the gain applied to the stimulus (in dB) resulis in an overall
level that 1s above the hearing threshold of the listener in that frequency range. Fach of
the unaided thresholds corresponds to a different frequency. A wearer of hearing
instruments 102 is unable to hear the frequency corresponding to an unaided threshold if

an intensity of a sound at the corresponding frequency 1s below the unaided threshold.
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In one exampie, audibility sub-component s calculated as a number of frequency bands
made audible by hearing nstruments 102 divided by a total number of frequency bands
handled by hearing instruments 102, In this example, each of the frequency bands may
be a contiguous range within a frequency spectrum.

[6653] The inteligibility sub-component for the wearer of hearing instruments 102 is a
numerical estimate of the maprovement in speech understanding provided to the wearer
by hearing mstruments 102, The intelligibility sab-component may be considered a
measure of understanding more words in conversation. In some examples, the
mtelligibility sub-component is a percentage improvement in intelligibility. For
instance, n one such example, the intelbigibility sub-component 1s equal to a first value
multiplied by 100, where the first valae is equal to a third value subtracted from a
second value. The second value is equal o an aided intelligibility score, and the third
value is equal to an unaided intelligibility score. The intelligibility scores both are
calculated frony the Speech Intelligibility Index {81}, which is a standardized measure
of intelligibility. Of course, other measures of intelligibility scaled to the same range as
the other sub-components may be used.

[8654] The comfort sub-component for the wearer of hearing instruments 102 s a
numencal value indicating a measure of noise reduction provided by hearing
nstruments 102, The comfort sub-component may be counsidered a measure of noise
reduction m the wearer’s environment. [n some examples, the comfort sub-component
is equal to an average or a sum of noise reduction. For mstance, in one such example,
the comfort sub-component is equal to a first value. In this example, the first value is
cqual to a sum of the average noise reduction (in dB) across memories and
environments, weighted by the time spent in cach memory in a set of one or more
memories and each environment in a set of one or more environments, scaled to the
standardized range used in the other sub-components. In this example, hearing
mnstruments 102 comprises different memonies, which have different signal processing
schemes tailored to specific listening situations. For example, there i1s a “Restaurant”
memory, a “Music” memory, and so on. Each of the environments 1S an acoustic
stivation that hearing instruments 102 classifv avtomatically. Example types of
environments include a “Speech-in-Noise” environment, a “Cuiet” environment, a
“Machine Noise” environment, and so on.

[6655] The focus sub-component for the wearer of heanng instruments 102 is a

numerical value indicating an amount of time hearing mstruments 102 have spent in a
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directional processing mode. The focus sub-component may be considered a measure
of the wearer being able to hear sounds most important to the wearer. The focus sub-
component may be scaled to be in a range used by the other sub-components. For
instance, in some examples, the focus sub-component is equal to a percentage of time
spent in a directional processing mode. For instance, in one such exaraple, the focus
sub-component is equal to a first value multiplied by 100, where the first value is equal
to a second vabhue divided by a third value; the second vahie being equal to an amount of
time spent in a directional processing mode; the third value being equal to the total
amount of time heanng imstruments 102 13 powered on. In an ommi-directional mode,
hearing nstruments 102 do not selectively amplify or attenuate sounds from particular
directions.

[8656] The sociability sub~component for the wearer of hearing instruments 102 15 a
numerical value mdicating an amount of time hearing instraments 102 have spent in
auditory environments involving speech. The sociability sub-component may be
considered a measure of thme spent in conversation. The sociability sub-component
may be scaled to be in a range used by the other sub-componenis. In some examples,
the sociability sub-component is a percentage of ime spent in social situations. For
instance, in one such example, the sociability sub-component is equal to & first value
owdtiplied by 100, where the first value is equal to a second value divided by a thud
value. In this example, the second value 1s equal to the amount of time spent in speech
and speech in noise, and the third value 1s equal to the total amount of time that hearing
instouments 102 is powered on.

[8657] The connectivity sub-component for the wearer of hearing instruments 102 is a
nmerical value mdicating an amoant of time hearing instruments 102 have spent
streaming audio data from devices that are wirelessly connective to hearing instroments
102. The connectivity sub-component may be counsidered a measure of time connecting
with media. In some examples, the connectivity sub-component for the wearer is a
measure of the amount of time spent streaming media {or the amount of time hearing
instrumenis 102 spent maintaining connectivity for streaming media) relative to an
amount of tume, such as an amount of time associated with a maxunum benefit attained
from streaming media. This measure may be on a same scale {¢.g., 0 to 100, G to 50,
ctc ) as the other sub-components. For instance, in one such example, the connectivity
sub-component may be equal to a first value. In this example, the first value 15 equal to

an amount of time spent streaming from a separate wireless device, up to a time
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associated with the maximum benefit attained from streaming media, divided by the
fime associated with the maximum benefit attained from streaming media.

18038} Computing system 104 may determine the cognitive benefit measure based on
the sub-components in vartous ways. For example, computing systern 104 may
determine the coganitive benefit measure based on an average or weighted average of the
sub-components. In other words, the cognitive benefit measure may be an average of
all the sub-component data, although the sub-components may be differentially
weighted before averaging occurs. For example, the “connectivity” sub-component
may be weighted more than the other measures because the expectation is that the
connectivity sub-component typically yields a relatively small score because patients
spend only a small percentage of the time streaming avdio to their hearing aids. In some
cxamples, computing svstem 104 determines the weights used in caleulating the
weighted average by normalizing the sub-components by a maximum benefit expected
or predicted for each sub-component.

16659] In some examples, computing svstem 104 scales the cognitive benefit measure
(and the sub-components) by use time of hearing instruments 102. For example, if a
aser does not wear his or her hearing instrament on a given day, the cognitive benefit
measure may not be calculated, but the more the user wears hearing nstruments 102,
the larger the cognitive benefit measure. This type of scaling may be intuitive for the
user, and time spent using hearing mstruments 102 may be one contnbuting factor to the
cognitive benefit measure over which the user has the most control.

16668} In some examples, computing system 104 may store historical cognitive benefit
measures for the wearer of hearing instrurments 102, For example, computing system
104 may store a cognitive benefit measure for each day or other time period.
Additionally, computing system 104 may output data based on the historical cognitive
benefit measures for display. In this way, the wearer of heanng instruments 102 may be
able to track the wearer’s cognitive benefit measures over time. For instance, the
wearer of hearing instruments 102 may be able to track his or her progress.

19661] As noted above, the cognitive benefit measure may be calculated based on data
collected by heanng instruments 102, fn some examples, hearing mstruments 102
writes data to a data log. For example, hearning instruments 102 may store, in memory,
counter data used for calculation of sub-components. For mnstance, hearing instruments
102 may store data indicating an amount of time hearing instroments 102 spent

streanung media, an amount of time spent n a directional processing mode, and other
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valucs. Hearmg instruments 102 may fhush these values out to the data log on a peried
basis and may reset the values.

18062} Hearing mstruments 102 may compuunicate data tn the data log to computing
system 104. Computing svstem 104 may receive, from hearing instnuments 102, the
data from the data log. Computing system 104 may use the received information to
determine the cognitive benefit measure.

198663] Hearing instruments 102 may write the data to the data log on a periodic basis,
¢.g., once per time period. In some examples, the duration of the time period changes
during the life cycle of hearing instruments 102, For example, hearing instruments 102
may write data to the data log once every 15 minutes during the first two years of use of
hearing nstruments 102 and once every 60 nunutes following the first two vears of use
of hearing instruments 102, Because hearing instruments 102 send data in the data log,
as opposed to the live counter data, and hearing instruments 102 may update the data
log on a penodic basis, the vser may be able to access an updated cognitive benefit
measurcs at least as ofien as the same periodic basis.

[6664] Furthermore, in some examples, in addition to determinimg a cognitive benefit
measure {.g., a brain score) for the wearer of heanng instruments 102, computing
system 104 may use data collected by hearing instruments 102 to determing a body
fitness measure for the wearer of hearing instruments 102, The body fitness measure for
the wearer of hearing instruments 102 may be an indication of physical activity in which
the wearer of hearing instnizments 102 engages while wearing hearing instruments 102,
Like the cognitive benefit measure, computing system 104 may determine the body
fitness measure based on a plurality of sub-components. For instance, computing
system 104 may determine the body fitness measure based on a “steps” sub-component,
an “activity” sub-component, and a “move” sub-component. The “steps” component
may indicate a number of steps (e.g., while walking or running) that the wearer of
hearing mstruments 102 has taken during a current scoring period. The “activity” sub-
component may be a measare of vigorous activity in which the wearer of hearing
instrumenis 102 has engaged during the current scoring period. The “move” sub-
component may be based on a number time of intervals during the current sconng
period in which the wearer of hearing instruments 102 moves for a given amount of
time. The current scoring period may be an amount of time after which computing
gystern 104 resets the cognitive benctit measure and/or the body fitness measure. For

instance, the current scoring period may be one day, one week, or another time period.
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Thus, the cognitive bencfit measure and the body fitmess measure, and sub~components
thereof, may be reset periodically or recurrently.

18065} In some examples, computing systern 104 mayv determine values of one or more
of the sub-componenis of the cognitive benctit measure and the body fitness measure

“

using goals. For instance, in one example with respect to the “steps” sub-component of
the body fitness measure, the wearer of hearing instrument 103 may set a number of
steps to take during a scoring period as a goal for the “steps” sub-component. In this
exaraple, computing system 104 may determine the value of the “steps” component
based on the progress of the wearer of heaning mstruments 102 during the sconng
period toward the goal for the “steps” component. In some examples, such goals may
be user-contigurable. For example, computing system 104 may permit a user {(¢.g., the
wearer of hearing instruments 102, a caregiver, a health care provider, or another
person} to set the goals for particular wearers of hearing instraments or for a population
of patients. For example, wearers of heanng instruments may be characterized (e.g.,
classified) using one or more of various techniques, such as artificial mtelligence using
demographic or medical information. In this example, goal(s) may be determined based
upon such characterizations about wearers of hearing instraments.

8066} in some examples, computing systern 104 mav determine a “wellness” measure
{c.g., a wellness score) for the wearer of hearing instruments 102, The welloess
measure for the wearer of heaning instruments 102 may be an indication of an overall
wellness of the wearer of hearing mstroments 102, Computing svstem 104 may
determine the wellness measure based on the cognitive benefit measure and the body
fitness measure of the wearer of hearing instruments 102 for a scoring period. For
mstance, computing system 104 may determine the wellness measure as a weighted sam
of the cognitive benefit measure, the body fitness measure, and possibly one or more
other factors. In some examples, computing system 104 may determine the weliness
measure as a multiphication product of the cognifive benefit measure and the body
fitness measure.

18667} In some examples, hearing instruments 102 calculate the body fitness measure
and/or the wellness measure. In other examples, the body fitness measure and/or the
wellness measure 1s calculated by one or more computing devices of computing system
104, For instance, in the example of FIG. 1, mobtile device 106 or server device 108
may calculate the body fitness measure and/or the wellness measure. For case of

explanation, many of the examples of this disclosure describe computing system 104
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calculating the body fitness measure and/or the wellness measure. However, these
cxamples can be adapted to scenarios where hearing instraments 102 calculate the body
fitness measure and/or wellness measure.

180668} Computing system 104 mayv be configured to generate alerts based on one or
more of a cognitive benefit measure, body fitness measure, a wellness measure of a
wearer of hearing instruments 102, or a combination thereof. An alert may alert the
wearer of hearing instruments 102 or another person to the occurrence or risk of
occurrence of a particular condition. In other words, computing system 104 may
generate, based on the cognitive benefit measure, an alert to the wearer of hearing
mstruments 102 or ancther person. Computing system 104 may transmit an alertto a
caregiver, healthcare professional, family member, or other person or persons.
Computing system 104 may gencrate an alert when one or more of various conditions
occur. For example, computing system 104 may gencrate an alert if computing system
104 detects a congistent downward trend in the wearer’s body fitness measure, cognitive
henefit measure, and/or wellness measwre. n another example, computing system 104
may generate an alert if computimg system 104 determmes that the wearer’s body fitness
measure, cognitive benefit measure, and/or wellness measure are below one or more
thresholds for a threshold amount of time {¢ g, a particular number of days}. In some
cxamples, responsive to declaration of an alert, a therapy may be changed, or additional
diagnostics may be performed, encouragement may be provided, or a communication
mayv be nttiated. In other examples, hearing instruments 102 may generate the alerts.
16069] In some examples, hearing instruments 102 does not have a real time clock that
keeps track of the current time and date. Not including such a real time clock in hearing
mstruments 102 may be advantageous for various reasons. For instance, becaase of the
cxtreme size constraints on hearing mstruments 102, the batteries of hearing instruments
102 may need to be very small. Maintaining a real time ¢lock in hearing instruments
102 may consume a significant amount of power from a battery or other power source
that mav be better used for other purposes. Hearing nstruments 102 may produce a
clock signal that cycles at a given frequency so that hearing instruments 102 is able to
track relative time. For instance, hearing mstruments 102 may be able to count clock
cyeles to determine that a given amount of time (e.g., five minutes) has passed
following a given clock cycle, but without a real-time clock hearing instruments 102
may not be equipped to relate that relative time to an actual time and date (e.g., 11:34

A M. on August 22, 2017). Moreover, maintaining a real time clock based on this clock
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signal may require hearing mstruments 102 to continue the clock signal even while
hearing mstruments 102 1s not in use, which may consume a significant amount of
battery power.

18678} However, several of the sub-components of the cognitive benefit measure and
the body fitness measure are time~dependent. For example, the “use score” sub-
component may be based on how much time the wearer of hearing instruments 102 uses
the hearing instruments 102 during a scoring period. In another example, the
“engagement” sub~component may be based at least in part on how much time the
wearer of hearing mstruments 102 engages 1n conversation during a scoring period and
how much time the wearer of hearing instruments 102 uses heaning mstruments 102 to
stream audio media during the scoring period. Moreover, in some examples, computing
systern 104 may need to determine times associated with log data items received from
hearing matruments 102 to determine whether the log data items are associated with a
current scoring pernod.

{8671} This disclosure describes techniques that may overcome the problems associated
with determining sub-components of the cognitive benefit measure and/or the body
fitness measuore in the absence of a real-time clock in hearing instruments 102, For
example, hearing instruments 102 may maintain a data fog that stores log data iters,
which may include sub-component data. The sub-~component data may include data
from which values of sub-components may, at least partially, be determined. For
example, an mertial measurement anit (IMU) of hearing instruments 102 may
periodically write data to the data log indicating the number of steps taken by the wearer
of hearing instruments 102, In accordance with one or more technigues of this
disclosure, hearing mstruments 102 may recctve imestamps from a computing device in
computing system 104. For example, hearing instruments 102 may receive timestamps
from mobile device 106. A timestamp may be a value that indicates a time. For
mstance, a timestamp may mdicate a number of seconds that have passed since a fixe
real time {¢.g., since January 1, 19703, When recording data (e 2., log data items) to the
data fog, hearing instruments 102 may include the timestamp 1o the log data item. For
cxaraple, hearing instruments 102 may record a log data item i the data log indicating
that the wearer of hearing instruments 102 has started using hearing instruments 102, In
thig example, hearing instruments 102 may inclide the timestamp in the log data ttem.
In this cxample, computing systern 104 may use this data recorded in the data log to

determine the “use score” sub-component.
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16672} Thus, computing system 104 may send timestamps to hearing instruments 102,
Additionally, computing system 104 may receive a plurahity of log data items from
hearing nstniments 102, Each of the log data items may include log data and one of the
timestamps sent to hearing instnuments 102 by computing system 104, Computing
gystern 104 may determine, based on the timestamps and the log data in the log data
items, at least one of the cognitive benefit measure or the body fitness measure. For
instance, computing system 104 may use the timestamps in the log data items to
determine which log data ttems are from a current scoring period and then only use log
data in the log data items from the current scoring period when determining values of
the sub-components of the cognitive benefit measure and/or body fitness measure.
{8673} Hearing mstruments 102 may receive timestamps from computing system 104 1n
response to one or more of various events. For example, hearimg instruments 102 may
send a timestamp request to computing system 104 when preparing to write data to the
data fog. In some examples, hearing instruments 102 may periodically request
timestamps from computing system 104, In some examples, computing system 104
may be configured to periodically send timestamps to hearing instruments 102 on an
asynchrongous basis. That is, in this example, it may not be necessary for hearing
instruments 102 to send a request to computing system 104 for tmestamps. For
nstance, computing system 104 may send a timestarp to bearing instruments 102 once
every 60 seconds, 30 seconds, or other time period. In this example, hearing
instruments 102 may store the timestamp {potentially overwriting a previous version of
the timestamp) and then include a copy of the timestamp in a log data item when storing
the log data item to the data log. Because exact precision may not be necessary when
determining values of sub-components of the cognitive benefit measure and the body
fitness measure, including an exactly correct time in a log data item may be
unnecessary. Thus, the cvele time for hearing instroments 102 receiving timestamps
mav be set slow enough that an amount of encrgy consumed by wireless receiving and
writing the timestamps {0 memory may be less than the amount of energy that would be
consumed by hearing instraments 102 maintaining it own real time clock, while
allowing for reasonable accuracy.

[6674] FIG. 2 15 a conceptual diagram illustrating contributions of sub-components to a
cognitive benefit measure 200, in accordance with one or more aspects of this
disclosure. Consistent with the example above, cognitive benefit measure 200 may be

determined based on an audibility sub-component 202, an mielligibility sub-component
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204, a focus sub-component 206, a connectivity sub-component 208, a sociability sub-~
component 210, and a comfort sub-component 212, Thus, in the example of FIG. 2, six
sub-components {(white circles) contribute to the composite cognitive benefit measure
{shaded circle); the relationship is denoted by the arrows.

[8675] In some examples, computing system 104 may ouwtput a graphical user interface
(GUD for display on a display screen. For example, mobile device 106 may output the
GUI for display on a display screen of mobile device 106, In another example, server
device 108 may generate data defining a webpage comprsing the GUT and send the data
mobile device 106 or another computing device {¢.g., a personal computer) for
rendering for display by a web browser application. The GUI may include content
similar to that shown in FIG. 2. In response o receiving an indication of user input to
select a circle corresponding to a given sub-component, computing svstem 104 may
output for display, mformation about what is being measured in the given sub-
component. However, in some examples, computing system 104 does not cause actual
calculations for the sub-components to be displayed. For example, the “sociability”
sub-component 1s a numencal value indicating a measure of the amount of ime a
wearer of hearing instraments 102 spends i social situations, but the wearer is not privy
1o the fact that this measure is calcnlated as the amount of time an automatic
environmental classification system of hearing mstruments 102 detects speech.

18076} FIG. 3 13 a block diagram illustrating example components of heanng
instruments 102, i accordance with one or more aspects of this disclosure. In the
example of FIG. 3, hearing instruments 102 comprises one or more storage device(s)
300, a radio 302, a receiver 304, one or more processor{s) 306, a microphone 308, a set
of sensors 310, a power source 312, and one or more communication channels 314,
Communication channels 314 provide communication between storage device{(s) 300,
radio 302, receiver 304, processor(s} 306, a microphone 308, and sensors 310,
Components 300, 302, 304, 306, 308, and 310 may draw clectrical power from power
source 312, which may be a battery, capacitor, or other type of power source.

18677} In the example of FIG. 3, sensors 310 include one or morg accelorometers 318,
Furthermore, in examples such as that of FIG. 3, an mnertial measurement unit (MU}
326 mcludes one or more of accelerometers 318, The IMU 326 may use signals
generated by accelerometers 318 for various purposes. For example, the IMU 326 may
use the signals generated by accelerometers 318 to count the nuraber of steps that a

wearer of hearing assistance device 102 has taken.
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16678] Additionally, in the example of FIG. 3, sensors 310 also include a heart rate
sensor 320 and a body temperature sensor 323, In other examples, hearing instruments
102 may include more, fower, or different components. For instance, in other examples,
hearing nstruments 102 does not include particular sensors shown in the example of
FiG. 3. In some examples, heart rate sensor 320 comprises a visible light sensor and/or
a pulse oximetry sensor.

18679] Storage device(s) 300 may store data. Storage device(s) 300 may comprise
volatile memory and may thercfore not retain stored contents if powered off. Exampies
of volatile memories may include random access memonies (RAM), dynamic random
access memories {DRAM), static random access memorics (SRAM), and other forms of
volatile memories known in the art. Storage device(s) 300 may further be configured
for long-term storage of information as non-volatile memory space and retain
information after power on/off cveles. Examples of non-volatile memory configurations
may include magnetic hard discs, optical discs, floppy discs, flash memories, or forms
of electrically programmable memones (EPROM) or electricallv erasable and
programmable (EEPROM)} memories.

{6688} Radio 302 may enable heanng instrument 102 to send data to and receive data
from one or more other computing devices. For example, radic 302 may enable hearing
mstruments 102 to send data to and receive data from mobile device 106 (FIG. 1)
Radio 302 may use one or more of vanous types of wireless technology to
commuunicate. For mstance, radio 302 may use Bluetooth, 3G, 4G, 4G LTE, ZigBee,
Wik, Near-Field Magnetic Induction (NFMI}, or another communication technology.
[6681] Recerver 304 comprises one or more speakers for generating audible sound.
Microphone 308 detects incoming sound and generates an electrical signal {(g.g., an
analog or digital electrical signal) representing the incoming sound. Processor(s) 306
may process the signal generated by nucrophone 308 to enbance, amplify, or cancel-out
parficular channels within the incoming sound. Processor(s) 306 may then cause
recetver 304 to generate sound based on the processed signal. In some examples,
processor{s) 306 include one or more digital signal processors {D5Ps).

[8682] Processor(s) 306 may cause radio 302 to transmit one or more of various types
of data. For example, processor(s) 306 may cause radio 302 to transmit data to
computing system 104. Furthermore, radio 302 may receive audio data from computing
gystern 104 and processor(s) 306 may cause receiver 304 to output sound based on the

audio data.
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[6083] In some examples, hearing nstrument 102 is a “plug-n-play” type of device. In
some examples, hearing instruments 102 1s programmabie to help the user manage
things like wind noise. Furthermorg, in some examples, hearing instruments 102
comprises a custom earmold or a standard receiver module at the end of a RIC cable.
The additional volume in a custom carmold may allow room for components such as
sensors {accelerometers, heartrate momnitors, temp sensors), a woofer-tweeter, (providing
richer sound for music aficionados}, and an acoustic valve that provides ccclusion when
desired. In some examples, a six conductor RIC cable is used for in hearning
mstroments with sensors, woofer-tweeters, and/or acoustic valves.

{6684} In the example of FIG. 3, storage device(s) 300 may store counter data 322 and a
data log 324, Counter data 322 may include actively updated data used for determining
sub-components of a cognitive benefit measure. For example, bearing mstroments 102
may store data indicating an amount of ime heanng nstrument 102 spent streaming
media, an amount of ime spent in a directional processing mode, and other valoes.
Processor(s) 306 may update counter data 322 at a more frequent rate than data log 324.
Processor(s) may flush values from counter data 322 out to data log 324 on a period
basis and may reset counter data 322, Additionally, processor(s) 306 may cause radio
302 to send data in data log 324 to computing system 104, For instance, processor{s)
306 may cause radio 302 to send data in data log 324 to computing svstem 104 in
response to radio 302 receiving a request for the data from computing system 104,
[88385] FIG. 4 18 a block diagram iHustrating example components of computing device
400, in accordance with one or more aspects of this disclosure. FIG. 4 illustrates only
one particular example of computing device 400, and many other example
configurations of computing device 400 exist. Computing device 400 may be a
computing device in computing system 104 (FIG. 1). For instance, computing device
400 may be mobile device 106 or scrver device 108,

[8386] As shown in the example of FIG. 4, computing device 400 includes one or more
processors 402, one or more commuunication units 404, gne or more input devices 408,
one or more cutput devices 410, a display screen 412, a power source 414, one or more
storage devices 416, and one or more communication channels 418, Computing device
400 may include many other components. For example, computing device 400 may
include physical buttons, microphones, speakers, commumnication ports, and s¢ on.
Communication channel(s) 418 may interconnect cach of components 402, 404, 408,

410, 412, and 416 for inter-component communications (physically, communicatively,



WO 2020/176533 PCT/US2020/019739

21

and/or operatively). In some examples, convnunication channel(s} 418 may inchude a
system bus, a network connection, an mter-process communication data structure, or
any other method for communicating data. Power source 414 may provide electnical
energy to components 402, 404, 408, 410, 412 and 416,

[B087] Storage device(s) 416 may store information required for use during operation of
computing device 400, In some examples, storage device(s) 416 have the primary
purpose of being a short term and not a long-torm computer-readable storage mediom,
Storage device{(s} 416 may be volatile memory and may therefore not retain stored
contents if powered off. Storage device(s) 416 may further be configured for long-term
storage of information as non-volatile memory space and retain information afier power
on/off cycles. In some examples, processor{s} 402 on computing device 400 read and
may execute mstructions stored by storage device(s) 416,

18088} Computing device 400 may include one or more inpat device(s} 408 that
computing device 400 uses to receive user input. Examples of user input mclude tactile,
audio, and video user input. Input device(s) 408 may include presence-sensitive
screens, touch-sensitive screens, mice, keyboards, voice responsive systems,
microphones or other types of devices for detecting input from a human or machine.
18689} Communication unit(s) 404 may enable computing device 400 to send data to
and receive data from one or more other computing devices (e.g., via a communications
network, such as a local area network or the Intemet). In some examples,
commuunication unit(s) 404 may include wircless transmitters and receivers that enable
computing device 400 to communicate wirelessly with the other computing devices.
For instance, in the example of FIG. 4, communication unit{s) 404 include a radio 406
that enables computing device 400 to communicate wirelessly with other computing
devices, such as hearing insteuments 102 (FIG. 1, FIG. 3}, Examples of communication
unii{s) 404 may include network interface cards, Ethemet cards, optical transceivers,
radio frequency transceivers, or other types of devices that are able to send and receive
information. Other examples of such commumication units may inchide Blugtooth, 3G,
and WI-FI™ radios, Universal Senal Bus {USB) interfaces, etc. Computing device 400
may use communication unit(s) 404 to communicate with one or more hearing
instruments {¢.g., hearing mnstruments 102 (FIG. 1, FIG. 3)). Additionally, computing
device 400 may use communication unit{s) 404 tc commaunicate with one or more other

remote devices (.3, server device 108 (FI1G. 1))
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[8690] Output device(s) 410 may generate output. Examples of output include tactile,
audio, and video output. Qutput device(s) 410 may include presence-sensitive screens,
sound cards, video graphics adapter cards, speakers, ligund crystal displays (LCD), or
other types of devices for generating output.

(8091} Processor(s) 402 may read instructions from storage device(s) 416 and may
execute instructions stored by storage device(s) 416. Execution of the instructions by
processor{s) 402 may configure or cause computing device 400 to provide at least some
of the functionality ascribed 1o this disclosure to computing device 400, As shown in
the example of FIG. 4, storage device(s) 416 include computer-readable instructions
associated with gperating system 420, application modules 422 A-422N (collectively,
“application modules 4227}, and a companion application 424. Additionally, in the
cxample of FI(G. 4, storage device(s) 416 may store historical data 426,

[8692] Execation of mnstructions assoctated with operating system 420 may cause
computing device 400 to perform various functions to manage hardware resources of
computing device 400 and to provide various common services for other computer
programs. Execution of mstructions associated with application modules 427 may
cause computing device 400 to provide one or more of various applications (e.g.,
“apps,” operating systen: applications, etc.}). Application modules 422 may provide
particular applications, such as text messaging {¢.g., SMS) applications, instant
messaging applications, email applications, social media applications, text composition
applications, and 50 on.

19693] Exccution of instructions associated with companion application 424 may cause
computing device 400 to perform one or more of various functions described in this
disclosure with respect to computing system 104 (FIG. 1), For example, execotion of
instructions associated with companion application 424 may cause computing device
400 to configure radio 406 to wirclessly receive data from hearing instruments 102 (FIG
1: FIG. 3). Additionally, execution of nstructions of companion application 424 may
cause computing device 400 to determine a cognitive benefit measure, a body fitness
measure, and/or a wellness measure for a wearer of hearing instruments 102 and output
an indication of the cognitive bencfit measure, the body fitness measure, and/or the
wellness measure. Although not explicitly recited here for the sake of brevity,
instructions associated with companion application 424 may cause computing device
400 to perform one or more of various other actions of computing system 104, In some

examples, companion application 424 1s an nstance of a web application or server
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application. In some cxamples, such as examples where computing device 400 isa
mobile device, companion application 424 may be a native application.

18094} In some examples, a GUI of companion application 424 has a plarality of
different sections, that may or may not appear concurrently. For example, the GUI of
companion application 424 may include a section for controlling the mtensity of sound
generated by (e.g., the volume of} hearing instruments 102, a section for controlling
how heanng instruments 102 attenuate wind noise, a second for finding hearing
mstruments 102 if lost, and so on. Additionally, the GUI of companion application 424
may mclude a cognitive benefit section that displays data regarding a cogmitive benefit
measure for the wearer of hearing instruments 102, In some examples, the cogmtive
benefit section of companion application 424 displays a diagram similar to that shown
in the example of FIG. 2 or the cxample of FIG. 8. Additionally, the GUI of companion
application 424 may include a body fitness measure section that displays data regarding
a body fitness measure for the wearer of hearing instruments 102, In some examples.
the body fitness measure section of companion apphication 424 displays a diagram
similar to the example of FIG. 9, described below. The GUI of companion application
424 may also mchude a wellness measure section that displays data regarding a wellness
measure for the wearer of bearing instruments 102, In some examples, the welloess
measure section of companion application 424 displays a diagram similar to the
example of FIG. 10, described below,

[8395] In some examples, companton application 424 may request data for calculating a
cognitive benefit measure or body fitness measure from hearing instruments 102 each
fime mobile device 106 receives an indication of user input 1o navigate to the cognitive
benefit section or body fitness measure section of companion application 424, In this
way, a wearcr of hearing mstruments 102 may get real-time confirmation that
companion application 424 15 communicating with hearing instruments 102, that the
data displaved are current, and may ensure that the wireless transter of the data-log data
does not internupt or interfere with other processes in companion application 424, or on
computing device 400 device. Furthermore, requesting data from hearing instruments
102 only when computing device 400 recetves an indication of user input to navigate to
the cogmitive benefit section, the body fitness measure section, or the wellness measure
section of companion application 424 may reduce demands on 3 power source {e.g.,

power source 312 of FIG. 3) of hearing 1nstruments 102 (FIG. 1; FIG. 3), relative to
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computing device 400 requesting the data from hearing rostraments 102 on a periodic
basis.

18696} Companton application 424 may store one or more of various types of data as
historical data 426. Historical data 426 may comprise a database for storing historic
data related to cognitive benefit. For example, companion application 424 may store, in
histonical data 426, cognitive benefit measures, body fitness measures, sub-component
values, data from hearing instruments 102, and/or other data. Companion application
424 may retricve data from historical data 426 to generate a GUI for display of past
cognitive benefit measures, body fitness measures, and wellness measures of the wearer
of hearing instruments 102.

(8697} FIG. 515 a flowchart iHustrating an example operation of computing system 104,
in accordance with one or more aspects of this disciosure. The flowcharts of this
disclosure are provided as examples. In other examples, operations shown in the
flowcharts may include more, fewer, or different actions, or actions may be performed
in different orders or in paraliel.

16698} In the example of FIG. 5, computing system 104 may recetve data from hearing
mstruments 102 (500). For example, computing system 104 may receive data from
hearing nstruments 102 in response to computing system 104 sending a request for the
data to hearnng instruments 102, In some examples, computing svstem 104 receives an
wndication of user input to access a cognitive benefit section of a GUI of a software
application {¢.g., companion application 424} running on computing svstem 104, In this
cxample, in response to receiving the mdication of user input, computing system 104
sends a request to hearing mstruments 102 and computing svstem 104 receives the data
from hearing matruments 102 in response to the reqoest.

{6699} Additionally, computing system 104 may determine, based on the data received
from hearing mstruments 102, a cognitive benefit measure for a wearer of hearing
wnstruments 102 (502). The cogmitive benefit measure may be an indication of a change
of a cognitive benefit of the wearer of hearing matruments 102 attributable to use of
hearing mstraments 102 by the wearer of hearing instraments 102, In some examples,
computing system 104 may scale the cognitive benetit measure based on an amount of
fime the wearer spends wearnng heanng instruments 102,

(8108} Furthermore, in the example of FIG. 5, computing system 104 may output an
indication of the cognitive benefit measure (504}, For example, computing system 104

mav output a GUI for display that includes a numerical value imdicating the cognitive
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henefit measure. {n some examples, to output the mdication of the cognitive benefit
measures, computing system 104 may send to hearing mstruments 102 audio data that
represents the cognitive benefit measure in audible form.

(8801} As shown in the example of FIG. 5, compuoting system 104 may, as part of
determining the cognitive benefit measure for the wearer of hearing mstruments 102,
determine a plurality of sub-components of the cognitive benefit measure (506).
Additionally, computing system 104 may determine the cognitive benefit measure based
on the plurality of sub-components of the cognitive benefit measure (508). For
example, computing system 104 may determine a weighted average of the plurality of
sub-components to determine the cognitive benefit measure.

18102} As part of determining the plurality of sub-components, computing systern 104
may determine an “audibility” sub-component, an “intelligibility” sub-componeut, a
“comfort” sub-component, a “focus” sub-component, a “sociability” sub-component,
and a “connectivity” sub-component. For example, computing systera 104 may
determine an audibility sub-component that 15 a measure of the improvement in
audibility provided to the wearer by hearing mstruments 102, For instance, the
audibility sub-component may indicate a measure of detected sounds that arg amplified
sounds. In this example, cach of the detected scunds is a sound detected by hearing
instruments 102, Furthermore, in this example, cach respective amphified sound is a
sound that was amplified by hearing instruments 102 because the mtensity of the sound
was below an audibility threshold of the wearer of hearing instruments 102, In this
cxample, the audibility threshold of the wearer of hearing instruments 102 is an
mtensity level below which the wearer of hearing mstruments 102 1s unable to rehiably
hear the sound.

18103} In some examples, computing system 104 may determine an intelligibibity sub-
component that indicates a measure of an improvement in specch understanding
provided by hearing instruments 102, Furthermore, in some examples, computing
system 104 may determine a comfort sub-component that indicates a measure of noise
reduction provided by hearing instraments 102, In some examples, computing system
104 may determine a focus sub-component that indicates a measure of time hearing
mstruments 102 spends in directional processing modes. In this example, cach of the
respective directional processing modes selectively attenuates off-axis, unwanted
sounds. Furthermore, 1n some cxamples, computing svstem 104 may determune a

sociability sub-component that mndicates a measure of time spent in auditory
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cnvironments imvolving speech. In some examples, computing system 104 may
determine a connectivity sub-component that indicates a measure of an amount of time
hearing nstniments 102 spent streaming media from devices connected wirelessly to
hearing nstruments 102,

[6104] In some examples, as part of determining the plurality of sub-components,
computing system 104 may determine a “use score” sub-component, an “engagement
score” sub-component, and an “active listening” sub-component. In such examples,
computing system 104 may determine the cognitive benefit measure {¢.g., a brain score)
as a weighted sum of the “use score” sub-component, the “engagement score” sub-
component, and the “active histening” sub-component. For instance, computing system
104 may determine the cognitive benefit measure such that a first percentage {¢.g., 40%;
of the cognitive benefit measure is based on the “usc score” sub-component, a second
percentage (2.g., 40%) of the cognitive benefit measure is based on the “engagement
score” sub-component, and a third percentage {(¢.g., 20%;) of the cognitive benefit
measure is based on the “active listening” sub-component.

16105} In such examples, the “use score” sub-component may be based on an amount of
time during a scoring period that the wearer of hearing instruments 102 has used hearing
instruments 102, The wearer of hearing instrements 102 may be considered to be using
hearing instruments 102 when hearing mstruments 102 is in the wearer’s ear and turned
on. In some examples, hearing mstruments 102 may determine whether hearing
instruments 102 are in the wearer’s ears based on one or more of various signals
generated by sensors 310 (FIG. 3). For instance, hearing mmstruments 102 may
determine whether hearing mstruments 102 are in the wearer’s ears based on a pattern
of motion signals generated by accelerometers 318 (FIG. 3), based on a body
temperature signal from body temperature sensor 323, and/or based on a heart rate
signal from heart rate sensor 320, In some cxamples, computing svstem 104 may
determine the “use score™ based on a compartson of an n-~use fime to a time goal. The
in-use time may indicate the amount of time that hearing instruments 102 1s i the
wearer s ear and turned on. The time goal may be a predetermined amount of time
(e.g.. 12 hours). Thus, in onc example, computing system 104 may determine the value
of the “use score” sub-component based on the m-use time during the current scoring
period divided by the time goal, multiplied by a maximum value of the “use score”
subcomponent. Thus, m this example, if the time goal is 12 hours during the current

scoring period, the maximum value of the “use score” subcomponent 15 40 and the m-
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use time 1s 12 hours, computing systern 104 may determine that the value of the “use
score” sub-component 1s equal to 40. In some examples, hearmg instruments 102 may
record log data items in data log 324 that include timestamps of when the wearer started
and stopped wearing hearing jnstruments 102.

16106} The “engagement score” sub-component may be a measure of how nruch the
wearer of hearing instruments 102 participates i activities involving aural engagement
dusing a scoring period. Example types of activities involving aural cngagement
mclude engaging in conversation, streaming audio data {¢.g., streaming music,
streaming audio data from television or a cinema}, and other activities that involve the
wearer of hearing instraments 102 actively listening to sounds.

18107} In examples where the value of the “engagement score” sub-component is based
on the wearer of hearing jostruments 102 engaging in conversation, hearing instruments
102 may nun an acoustic classifier that classifies sounds detected by hearing instruments
102. For example, the acoustic classifier may determine whether the current sound
detected by bearing instruments 102 is silent, speaking and quict, speaking with noise,
music, and wind. In other examples, the acoustic classifier may classity the detected
sounds into other categories.

{6108} io some examples, computing svstern 104 mav determine the value of the
“engagement score” sub-component based at least in part on an amount of time that the
sound detected by hearing mmstruments 102 is classified into a specch category. Heaning
mstruments 102 may record transitions between categories as log data items n data log
324. In some cxamples, computing svstem 104 may determine the value of the
“engagement score” sub-component based at least in part of a number of times that
hearing nstruments 102 determines doring the current scoring period that the type of
sound detected by hearing instruments 102 transitions to a specch category from another
type of sound. For instance, computing system 104 mayv determine the “engagement
score” sub-component based on the progress of the wearer of hearmg instruments 102
toward a goal of a particular amount of time that sound detected by hearing instruments
102 1¢ classified into a speech category

16109} Furthermore, in some oxaraples, computing system 104 may determine the
“engagement score” sub-component based on muliiple activities involving aural
engagement. For example, computing system 104 may determine a first component of
the “cngagement score” sub-component based on engagement in conversation and a

second component of the “engagement score” sub-component based on streaming audio
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data. In some cxamples, hearing nstruments 102 may record log data items in data log
324 that include timestamps of when hearing instruments 102 started and stopped
streaming media data. In this example, the first factor may be determined in the same
manner as the “sociability” sub-component described elsewhere in this disclosure and
the second factor may be deternuned in the same manuner as the “connectivity” sub-
component described elsewhere in this disclosure. In this example, a first percentage
{e.g.. 80%]) of the “engagement score” sub-component may be based on the first factor
and a second percentage (e.g., 20%) of the “engagement score” sub-component may be
based on the second factor. For instance, computing system 104 may determine the
“engagement score” as a weighted sum of the first and second factors.

(8818} The “active listening” sub-component may be determined based on exposure of
the wearer of hearing instruments 102 to a plurality of different acoustic environments
during a current scoring period. For example, hearing instraments 102 may determine
whether the sound detected by hearing mstruments 102 is associated with particular
types of acoustic environments. Example types of acoustic covironments may include
speech, speech with noise, quiet, machine noise, and music. In some examples, hearing
mstruments 102 may record log data items 1 data log 324 indicating transitions
between acoustic environments and timestamps associated with such transitions.
Computing system 104 may increment, based on the log data, the “active listening” sub-
component tor each different tyvpe of acoustic environment that hearing instruments 102
detects during a scoring period. For instance, computing system 104 may increment the
“active Hstening”™ sub-component by x1 points {¢.g., 4 poinis} for exposure to a first
acoustic environment, x2 for exposure to a sscond acoustic environment, and 50 on,
where x1, x2, ... X are the same value or two or more different values. In some
cxamples, computing svstem 104 may also or alternatively determine the value of the
“active listening” sub-component based on progress of the wearer of hearing
nstruments 102 during the current scoring pertod toward a goal for the “active
listening” sub-component. The goal for the “active listening” sub-component may be an
amount of time that hearing instruments 102 spends performing a specified function,
such as processing specch, processing sound in a directional mode, etc. In another
example, the goal for the “active histening” sub-component may be a number of acoustic
environments that the wearer of hearing instruments 102 is to experience during the

scorimg period.
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16111} Furthermore, in some examples, as shown in FIG. 5, computing systern 104 may
store the cognitive benefit measure n a database (e.g., historical data 426 (FIG. 4)) of
historical cognitive benefit measures for the wearer of hearing instraments 102 (510).
Additionally, computing system 104 may output an indication of the historical coguitive
benefit measures {512). For example, computing system 104 may output a graph for
display indicating cognitive bengfit measures over time for the wearer of hearing
instruments 102, In some examples, the historical information may be based on an
hour, day, week, month, and/or year, and may be presented as discrete values or a trend
{c.g., graph}. In some examples, to output the indication ot the historical cognitive
benefit measores, computing system 104 may send to heartng instruments 102 audio
data that represents the historical cognitive benefit measures 1 audible form.

{8112} FIG. 615 a flowchart illustrating an example operation to compuie a body fitness
measure in accordance with one or more aspects of this disclosure. In the example of
F1G. 6, computing svstem 104 may receive data from hearing instraments 102 {(600).
For example, computing systern 104 may receive data from hearing mstroments 102 in
response to computing svstem 104 sending a request for the data to hearning instruments
102, In some examples, computing svsiem 104 receives an indication of user input to
access a body fitness measure section of a graphical user mterface (GUL) of a software
application {e.g., companion application 424) running on computing svstem 104, In this
example, m response to recetving the indication of user input, computing svstem 104
sends a request to hearing mstruments 102 and computing system 104 receives the data
from hearing instruments 102 in response to the request. In some examples, computing
system 104 may receive a copy of data in data log 324 (FIG. 3) in accordance with any
of the examples provided elsewhere in this disclosure.

6113} Additionally, computing system 104 may determine, based on the data received
from hearing mstruments 102, a body fitness measure for the wearer ot hearing
mnstruments 102 (602). The body fitness measure may be an indication of a level of
physical activity in which the wearer of hearing instraments 102 has engaged during a
scoring period while wearing heaning instruments 102, In some examples, computing
system 104 may scale the bodv fitness measure based on an amount of time the wearer
of hearing instruments 102 spends wearing heanng instruments 102,

(8814} Furthermore, in the example of FIG. 6, computing system 104 may ouvtput an
ndication of the body fitness measure (604). For example, computing svstem 104 may

output a GUI for display that includes a numerical value mdicating the body tiiness
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measure. FIG. 9, described in detail below, is an example GUI for display of the body
fitness measure. In some examples, to output the indication of the body fitness
measure, computing system 104 may send to hearing instraments 102 audio data that
represents the body fitness measure in audible form.

[8115] As shown in the example of FIG. 6, computing system 104 may, as part of
determining the body fitness measure for the wearer of hearing mstraments 102,
determine a plurality of sub-components of the body fitness measure {606).
Additionally, computing system 104 may determine the body fitness measure based on
the plurality of sub-components of the body fitness measure (608). For example,
computing system 104 may determine a weighted average of the plurality of sub-
components to determine the body fitness measure.

[8116] As part of deternuning the plurality of sub-components, computing system 104
may determing a “steps” sub-component, an “activity” sub-component, and 3 “move”
sub-component. The “steps” sub-component may be based on a number of steps {e.g.,
while walking or rmunning) that the wearer of hearing instruments 102 has taken dunng
the current scoring period. In some examples, computing system 104 may determme a
value of the “steps” sub-component based on the progress duning the current scoring
period of the wearer of heaning nstruments 102 toward a goal for the “sieps” sub-
component. Furthcrmore, in some examples, IMU 326 determines the number of steps
and hearing instruments 102 writes data indicating the number of steps to data log 324,
In some examples, hearing instruments 102 stores timestamps with the number of steps.
18317} The “activity” sub-component may be a measure of vigorous activity in which
the wearer of hearning instruments 102 has engaged during the current scoring perod.
For example, computing system 104 may merement the “activity” sub-component in
response to determining that the wearer of hearing instruments 102 has performed a
vigorous activity. In some examples, computing system 104 may determine a value of
the “activity” sub-component based on the progress during the current scoring peniod of
the wearer of hearing instruments 102 toward meeting a goal for the “activity” sub-
component. In such exarpies, the goal for the “activity” sub-component may be
defined as a number of vigorous activitics or amount of time engaged in vigorous
activities to be performed during the current scoring period.

16118} Computing system 104 or heanng instruments 102 may determine whether the
wearer of hearing instruments 102 has performed a vigorous activity in one or more of

various ways. For example, computing system 104 or hearing instruments 102 may
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determine that the wearer of hearing instruments 102 has performed a vigorous activity
if computing system 104 has taken more than a given number of steps m a given amount
of time. For mstance, computing system 104 or hearing mstruments 102 may assame
that the wearer of hearing mstruments 102 has run {or engaged in an activity more
vigorous than a brisk walk) if the wearer of hearing mstruments 102 has taken more
than a threshold number of steps within a given time period.

18119} Hearing instruments 102 may store one or more of various types of data to data
log 324 1o enable computing svsiem 104 to determine the “activity” sub-component.
For example, IMU 326 may output the number of steps taken during a given period.
For instance, for every munute, IMU 326 may output the number of steps taken durning
that munute. Hearing instruments 102 may write a log data item including a timestamp
to data log 324 if the number of steps taken during the given period is greater than a
threshold associated with vigorous activity.

18128} The “move” sub-component may be based on a number time of intervals during
the current scoring pertod in which the wearer of hearing instruments 102 moves for a
given amount of time. For example, computing svstem 104 may determine the “move”
sub-component as a mimber of hours daring a day in which the wearer of hearing
instrements 102 was actively moving for more than 1 minute. In some examples,
computing system 104 may determine the “move” sub-component based on progress of
the wearer of hearing instruments 102 durnng the current scoring penod toward a goal
for the “move” sub-component. In such examples, the goal for the “move” sub-
component may be defined as a given number of time intervals during the current
scormg pertod in which the wearer of hearing mstruments 102 moves for the given
amount of time.

(6821} Hearing mmstruments 102 may store ong or more of various types of data to data
log 324 to enable computing system 104 to determine the “move” sub-component. For
mstance, in one example, hearing instruments 102 may receive timestamps from
computing system 104 as described elsewhere in this disclosure. Furthermore, in this
example, heanng iostruments 102 may write data to data log 324 indicating that the
wearer has started moving with a first timestamp and data mdicating that the wearer has
stopped moving with a second timestamp. Computing system 104 may analyze such
data to determine whether the wearer of hearing instruments 102 was active for the

given amount of time during a time interval.
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16122} Furthermore, in some examples, as shown in FIG. 6, computing systern 104 may
store the body fitness measure 1n a database {e.g., historical data 426 (FIG. 4)) of
historical body fitness measures for the wearer of hearing instraments 102 {610},
Additionally, computing system 104 may output an indication of the historical body
fitness measures {612). For example, computing system 104 may output a graph for
display indicating body fitness measures over time for the wearer of hearing instruments
102, In some examples, the historical information may be based on an hour, day, week,
month, or year, and may be presented as discrete values or atrond (¢.g., graph.). In
some examples, to output the indication of the historical body fitness measures,
computing system 104 may send to hearing instruments 102 audio data that represents
the historical body fitness measures in audible form.

(8123} FIG. 715 a flowchart illustrating an example operation to compute a welness
measure in accordance with one or more aspects of this disclosure. In the example of
FIG. 7, computing system 104 may determine, based on the data received from heanng
mstrumenis 102, a cognitive benefit measure for a wearer of heaning instruments 102
(700). Computing svstem 104 may determine the cognitive benefit measure m the
manner described above with respect to FIG. 5.

18824} Furthermore, in the example of FIG. 7, computing system 104 may determine,
bascd on the data received from hearing instruments 102, a body fitness measure for the
wearer of hearing instruments 102 (702). Computing system 104 may deteomine the
body fitness measure in the manner described above with respect to FIG. 6.

16125} Computing system 104 may determine a wellness measure based on the
cognitive benefit measure for the wearer of hearing nstruments 102 and the body fitness
measure for the wearer of hearing instruments 102 (704). In various examples,
computing system 104 may deternune the wellness measure in various ways. For
cxample, computing svstem 104 may determine the wellness measure as a weighted
sum of the cognitive benefit measure and the body fitness measure, For instance, i this
example, computing system 104 may determine the wellness measure with equal
weightings, ¢.g.. a 50% weighting to the cognitive benefit measure and 30% weighting
1o the body titness measure. In other examples, computing systerm 104 may use
unbalanced (i.¢., different) weightings of the cognitive benefit measure and the body
fitness measure. The weighting for the cognitive benefit measure may be greater than
the weighting for the body fitness measure. Alternatively, the weighting for the

cognitive benefit measure mayv be less than the weighting for the body fitness measure.
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As one cxample, computing svstem 104 may determine the wellness measure with a
60% weighting to the cognitive benefit measure and a 40% weighting to the body
fitness measure.

16126} o the example of FIG. 7. computing system 104 may output an indication of the
wellness measure {706). For example, computing svstem 104 may output a GUI for
display that inclodes a numernical value mdicating the wellness measure. FIG. 10,
described in detail below, 1s an example GUI for display of the wellness measure. In
some examples, to output the indication of the wellness measure, computing system 104
may send to hearing instruments 102 audio data that represents the wellness measure in
audible form.

16127} Fusthermore, in some examples, as shown in FIG. 7. computing system 104 may
store the wellness measure in a database (¢.g., historical data 426 (FIG. 4)) of historical
wellness measures for the wearer of hearing instnuments 102 (708). Additionally,
computing system 104 may output an indication of the historical wellness measures
(710). For exarople, computing system 104 may output a graph for display indicating
wellness measures over time for the wearer of hearing mstruments 102, In some
examples, the historical information may be based on an hour, day, week, month, or
vear, and may be presented as discrete values or a trend {e.g., graph ). In some
cxamples, to output the indication of the historical wellness measurcs, computing
systern 104 may send to hearmg instruments 102 audio data that represents the historical
wellness measures in audible form.

19128} FIG. 8 15 an example GUI 800 for display of a cognitive benefit measure in
accordance with one or more aspects of this disclosure. In the example of FIG. 8, GUI
800 mcludes controls 802 that allow a user to switch between a user interface for
display of the cognitive benefit measure and a user interface for display of a body
fitncss measure.

[#129] In the example of FIG. 8, the cogmitive benefit measure is based on a use score
sub~component, an engagement score sub-component, and an active listening sub-
component. Computing systen: 104 may determine the use score sub-component, the
cngagement score sub-component, and the active listening sub-component in the
manner described in any of the examples provided clsewhere i this disclosure. Feature
804 of GUI 800 indicates a value of the use score sub-component. Feature 806 of GUI
800 mdicates a value of the cngagement score sub-component. Feature 808 of GUT 800

ndicates a value of the active listening sub-component. In features 804, 806, and 808
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of GUI 800, the value before the */” mark indicates a current value of the sub-
component and the value atier the ©/” mark indicates a goal for the sub-component.
[8138] Furthermore, in the example of FIG. 8, GUI 800 includes a circular diagram 810
having scgments corresponding to the sub-components of the cogaitive benefit measure.
Each of the segments is filled in an amount proportional to the wearer’s progress toward
meeting the goals for the sab-components of the cognitive benefit measare.
Additionally, circular diagram 810 may include a numerical value indicating the
wearer’s cognttive benefit measure {e.g., 37 in the example of FIG. 8) and a numerical
value indicating the wearer’s cognitive benefit measure goal for the cognitive benefit
measire (e.g., 100 in the example of FIG. 8). The wearer’s cognitive benefit measare
goal is the wearer’s goal for the coguitive benefit measure.

(8131} GUI 800 also includes historical icons 812A, 8128, and 812C {(collectively,
“historical 1icons 8127). In the example of FIG. &, hike circular diagram 810, historical
icons 812 mclude segments with filled portions corresponding to indicate the wearer’s
progress toward meeting the goals for the sub-components on previous days, ¢.g.,
Saturday, Sunday and Monday in the example of FIG. 8. In response to receiving an
ndication of user selection of ong of historical icons 812, computing system 104 may
output for display a GUI having more details regarding the wearer’s cognitive benefit
measure for the day corresponding to the selected historical icon.

18132} FIG. 9 18 an example GUI 900 for display of a body fitness measure in
accordance with one or more aspects of this disclosore. In the example of FIG. 9, GUI
900 mncludes controls 902 that allow a user to switch between a user interface for
display of the cogmtive benefit measure and a user interface for display of a body
fitness measure.

(8833} In the example of FIG. 9, the body fitness measure is based on a steps sub-
component, an activity sub-component, and a movement sub-component. Computing
systern 104 may determine the steps sub-component, the activity sub-component, and

the movement sub-component in the manner described 1n any of the examples provided

[¢)

Isewhere in this disclosure. Feature 904 of GUI 900 ndicates a valug of the steps sub-
component, Feature 906 of GUI 900 indicates a value of the activity sub-component.
Feature 908 of GUI 900 indicates a value of the movement sub-component. In features
904, 906, and 908 of GUI 900, the value before the */” mark indicates a current value of

the sub-component and the value after the */” mark indicates a goal for the sub-

component.
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16134} Furthermore, n the example of FIG. 9, GUI 900 includes a circular diagram 910
having segments corresponding to the sub-components of the body fitness measure.
Each of the segments 15 filled in an amount proportional to the wearer’s progress toward
meeting the goals for the sub-components of the body fitness measure. Additionally,
circular diagram 910 may include 3 numerical value indicating the wearer’s body fitness
measure (¢.g., 100 in the example of FIG. 9) and a nomerical value indicating the
wearer's body fitness measure goal (2.g., 100 in the example of FIG. 9}
[8133] GUI 900 also includes historical icons 9124, 9128, and 912C {(collectively,
“historical icons 9127). Like circular diagram 910, historical icons 912 melude
segments with filled portions corresponding to the wearer’s progress toward meeting the
goals for the sub-components on previous days, e.g., Saturday, Sunday and Monday 1n
the example of FIG. 9. In response to receiving an mdication of user selection of one of
historical icons 912, computing system 104 may output for display a GUI having more
details regarding the wearer’s cogaitive benefit measure for the day corresponding to
the selected historical eircular diagram.
16136] FIG. 10 15 an example GUT 1000 for display of a wellness measure in
accordance with one or more aspects of this disclosure. In the example of FIG. 10, GUI
1006 includes a body fitness measure feature 10062 and a cognitive benefit measure
feature 1004, Body fitness measure feature 1002 is filled in an amount proportional to
the wearer’s progress toward meeting the wearer’s body tifness measure goal.
Cognitive benefit measure feature 1004 is filled in an amount proportional to the
wearer's progress toward megting the wearer’s cognitive benefit measure goal. The
wearer’s cognitive benefit measure goal may also be referred to herein as the cognitive
benefit measure goal. Additionally, in the example of FIG. 10, GUI 1000 includes a
ellness measure feature 1006 (o.g., indicated by “Thrive Score” 1 FIG. 10) that
includes a numeric value indicating the wearer’s wellness measure.
[©#137] In the example of FIG. 10, GUT 1000 may be a primary screen of companion
application 424. Because controlling the volume of hearing instrament(s} may be the
featore for which the user uses companion application 424 the most, GUI 1000 mayv be
designed to mdicate the wearer’s wellness measure along with volume controls 1008 in
order to bring the wearer’s wellness measure {o the user’s aftention.
16138} in some examples, a computing system {(¢.g., computing system 104, hearing
instruments 102, and/or one or more other devices) may detoct one or more user

behavior conditions using hearing mstruments 102, The computing system may
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comprise ong or more processors. The user behavior conditions may be measures of
behavior of the wearer of hearing instruments 102, In this example, the computing
system may determine a wellness measure based on the one or more conditions,

18839} The user behavior conditions may include the cognitive benefit measure, the
body fitness measure, or other mceasures of the behavior of the wearer of hearing
instruments 102, For instance, the cognitive benefit measure may be considered a
measuie of user behavior with respect to how the wearer of hearing mstruments 102
uses hearing instruments 102, Sioularly, the body fitness measure may be considered a
measure of user behavior with respect to physical activity behavior in which the wearer
of hearing instruments 102 engages. Thus, detecting one or more user behavior
conditions may include detecting activity information (¢.g., the body fitness measure}
and detecting hearing information {c.g ., the cognitive benefit measure). For mstance,
the computing system may determine a cognitive measore and a body measure. The
computing system may further determine the wellness measure using the cognitive
measure and the body measure. In some such examples, one or more of hearing
mstroments 102 determine the wellness measure.

18148] In some examples, the computing system may determine the wellness measure
based at keast in part on the activity information and the heanng information. In some
cxamples, the hearing information includes one or more of hearing aid usage, user
engagement, and active lisiening. In some examples, intformation relating to the user
behavior conditions may be transmitted (e.g., wirclessly or non~-wirelessly} from the
hearing mstroment to a computing device {(e.g., a computing device in computing
system 104} and the computing device determines the wellness measure using the
transmitted mformation.

(8841} Some examples of this disclosure imchuide measures of use of a heart rate
monitor, scoring measures of cardiovascular fitness, or other physiclogical parameters,
to the examples provided elsewhere in this disclosure for measuring physical fitness
(Body Score), cognitive wellness {Bram Score}, and the combination of the two in a
measure of overall wellness (Thrive Score).

{0342} This disclosure describes techniques that may integrate cardiovascular data into
a measure of physical wellness or info a measure of overall wellness. For instance, an
optical sensor {e.g., of one or more of hearing mstruments 102} may be used tc measure
heart rate, collect data related to heart rate, or other data. The technigues of this

disclosure may be applied to other physiological data collecied by this or other sensors.
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16143} An optical sensor in a bearing instrament is capable of measuring the heart raie
of a user {(among other things) by interpreting changes in the retlectance from the
vasculature of the car. The following describes one technique for increasing a point
total of a user for using the optical sensor or other types of sensors to monitor their
cardiovascular health.

18144} FIG. 11 15 a block diagram iHlustrating example components of a hearing
instoument 1100, in accordance with one or more aspests of the disclosure. Inthe
cxaraple of FIG. 11, hearing instrument 1100 includes storage devices 1102,
communication unit 1104, receiver 1106, processor(s) 1108, microphone 1110, sensors
1112, power source 1114, and commumication channels 1116, Sensors 1112 may
include IMU 1118 (which may nclude one or more accelerometers 1120} and body
temperature sensors 1122, Hearing mstrument 1100 and these components of hearing
instrument 1100 may be implemented in the manner described with respect to
corrgsponding parts of FIG. 3.

[6345] In the cxample of FIG. 11, sensors 1112 additionally include heart-related
sensors | 124 and stress-related sensors 1126, In other examples, sensors 1112 of
hearing nstniment 1100 may include more, fewer, or different sensors. For instance, in
ong ¢xample, sensors 1112 do not include one or more of IMU 1118, body temperature
sensor 1122, heart-related sensors 1124, or stress-related sensors 1126,

04146} Heart-related sensors 1124 mav include one or more photoplethvsmography
(PPG) sensors, electrodes for collecting ECG signals, and/or other types of sensors that
generate heart-related information {i.¢., heart-related data). Heart-related data includes
data related to a user’s heart. Stress-related sensors 1126 may include one or more
respiration sensors, electrodes for collecting EEG signals, and/or other types of sensors
that generate information that may be used to determine an emotional stress level of the
user of hearing instruments 02 (1., stress-related mformation/data).

(8147} in some of the examples provided elsewhere in this disclosure, the measure of
physical wellness (the “Body Score™) has three components: (1} Steps, (2) Activity, and
(3) Move. In some examples, a fourth component to the Body Score {which mayv be
referred to as “Heart,” “Heart Health,” or some other name) may be included in the
measure of physical wellness. In some examples, the Heart component tracks how
many times a user of hearing instruments 102 uses the heart rate measurement feature of

hearing instruments 102,
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16148} in this example, the computing systern may increase a point total of the user of
hearing mstruments 102 for checking various measures of their cardiovascular health.
In some examples, there are two measures of cardiovascular health, but the system of
this disclosure for rewarding health monitoring may apply to sther measures as well.
The first measure is a heart rate (HR) “on demand,” in which the user explicitly checks
their heart using a mobile application {e.g., companion application 424 of FIG. 4} as a
user interface, and one or more of heart-related sensors 1124 (o g, an embedded optical
sensor in one or more of heaning instruments 102} is used as measurement tools. Thus,
the computing system may determine the heart rate of the user based on signals
generated by heart-related sensors 1124, For mstance, in an example where heart-
related sensors 1124 mclude a PPG sensor, the computing systern may determine the
heart rate of the user based on changes to light transmitted or reflected off the user’s
skin to a photodicde of the PP sensor. The user of hearing instroments 102 may
initiate a heart rate measurement while at rest, or while engaging in any nmumber of
activitics such as exercise. Computing systema 104 (or hearing instruments 102} may
add points to ¢.g., a “"Heart Health” subcategory of the Body Score, and thus may add
the pomts to a composite Body Score and/or a composite Thrive Score,

18149} In some examples, a second measure of cardiovascular health 1s Heart Rate
Recovery (HRR). The Heart Rate Recovery feature may guide a user through a step-by-
step routine that measures how quickly thew heart rate returns to normal afier exercise,
which is an established measure of cardiovascular fitness. The faster the user’s heart
rate returns to normal, the stronger and healthier the user’s heart. The user may
explicitly imtiate the Heart Rate Recovery routine and the computing sysiem may
increase a point total of the user for the completion of the Heart Rate Recovery routine.
Computing svstem 104 {or hearing instruments 102} may add points to the “Heart
Health” subcategory of the Body Score, and thus may the points to the composite Body
Score and/or the composite Thrive Score.

[8150] Features similar to features 904, 506, and 908 (FIG. 9) may be mchuded for the
“Heart Health” subcategory. Sinularly, in the example of FIG. 9, ring segments may be
mcluded in circular diagram 910 and historical icons 912 for the “Heart Health”
subcategory.

(8151} In some example implementations of the Body Score, the computing system
may increase a pomt total of the user by a maximum of @ {e.g , 40) points for

completing the goal set for number of steps (“Steps™), the computing sysiem may
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mcrease the point total of the user by a maximum of & {¢.g., 40) points for completing
the goal set for the number of minutes of activity beyond a brisk walk {(“Activity™), and
the compuating system may increase the point total of the user by a maxumum of c (e g,
20} points for completing the goal of moving from rest a certain number of times per
hour per day (“Move™), where a, b, and ¢ are positive numbers. These points total &
(e.g., 100) possible points obtained to reach the maximum Body Score for one day. In
one example of this disclosure, the maximum sumber of points that the computing
system may add to the point total for the user in one day for “Steps” would remain at o,
the maximum number of points awarded for “Activity” would decrease (e.g., to 20), the
maximum number of points awarded for “Move” would remain at ¢, and the remaining
points {e.g., 20 points) from the “Activity” subcomponent of the Body Score may be
allocated to the “Heart Health” subcomponent.

[8152] In some examples of this disclosure, the computing system (¢.g., computing
system 104, hearing instruoments 102, or another device) may reward the user of hearing
mstrumenis g given number of points {e.g., 2 points) cach time the user measures their
heart rate on demand, up to a given number of measures {¢.g., 6 measures) per day, fora
maximum point allowance of a given number of points {¢.g., 12 points} per day for
measuring their heart rate. The computing system may reward the user of hearing
nstruments 102 with a given number of pomts (¢.g., 4 points} cach time the user
completed the Heart Rate Recovery routine, up to a given number of measures (e.g., 2
measures} per day, for a maximum point allowance of a given mumber of points {e.g., 8
points} per day for measuring their heart rate recovery. The maximum point allowance
per day between these two measures of cardiovascular heaith would be a particular
nwmber of points (e.g., 20 points). The points earned in the Heart Health subcomponent
of the Body Score {e.g., ranging from 0 — 20}, may be added to the composite Body
Score, and the composite Thrive Score. Other reward structures may be applied, as are
any number of different measures of cardiovascular health,

[8153] In some examples, the Heart Health component 1s included in the Body Score,
and the computing system increases the point total of the user of hearing instruments
102 for meeting their cardiovascular goals. Example goals may mnclude one or more of:
{1} achieving a resting heart rate within a range, (2} achieving an active heart rate (i.¢.,
heart rate during exercise} within a range of target clevated heart rates, (3) clevating
heart rate to within a range of target elevated heart rates a certain number of times per

day, (4) achieving a Heart Rate Recovery score that 1s within a target range of scores,
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(5) achicving a Heart Rate Recovery score that is lower than an accumulating average of
scores, thus indicating an improvement in heart health over time, or (6) achieving a
Heart Rate Recovery score that 1s some percentage lower than measures taken
previously. Of course, any number of other cardiovascular goals are possible. The
values that define all of these goals, both specified and unspecified, may be set by the
user of hearing instruments 102, their physician or caregiver, a loved one such as a
family member, or some other third-party user.

16154} In some examples, the computing systern adds bonus points to the Body score
when the user of hearing instruments 102 measures their heart rate. In such examples, a
separate component for heart health i3 not included in the Body Score. I such
cxamples, the existing point structure of the Body score remains unchanged. The
computing system may add points on top of the Body Score {¢.g., as calculated in
examples provided elsewhere in this disclosare) such that the user has more ways to
achieve a perfect score. The maximum Body Score {e.g., of 100) does not change. For
mstance, in one such example, the computing system may increase a pont total of the
user with 2 points per cardiovascular measure taken dunng a single day, whether heart
rate on demand or Heart Rate Recovery, up to a maximim of 10 bonus points per day.
{8155} In some examples, the computing system adds bonus points o the aggregate
Thrive score when the user of hearing instruments 102 measures their heart rate. In
such examples, neither the Body Score nor Thrive Score includes a separate component
for heart health., In such examples, the exasting point structure of the Body score (e g,
as calcunlated in examples provided elsewhere in this disclosure} may remain anchanged.
For instance, there may be 100 possible points for the Brain Score, 100 possible points
for the Body Score, and 200 possible points for the Thrive Score. In such examples, the
computing system may add poinis on top of the existing Thrive Score such that the user
has more ways to achieve a perfect score. For instance, in one such example, the
computing system may add 2 points per cardiovascular measure taken during a single
day, whether heart rate on demand or Heart Rate Recovery, up to a maximum of a given
number (¢.g., 10) bonus points per day.

16156} In some examples, a third component 15 included in the Thrive Score. In such
examples, a modified Thrive Score 1s composed of the existing Brain and Body Scores,
plus a Heairt Health Score. In one such example, the user of hearing imstruments 102 is
rewarded for measuring their cardiovascular health. The rewards may be use-based or

may be goal-based, as described elsewhere in this disclosure. In other words, the
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computing svsienm may increase a point total of the user using features the heart rate
measurement feature or heart rate recovery feature; or the computing system may
nerease the point total of the user for making progress toward a goal. In some
cxamples where a third component for heart health is inchuded in the Thrive Score, a
Heart Health Score may be worth a maximum of 100 points per day, thus making the
Thrive Score worth a maximum of 300 points per day.
18157} While techniques of this disclosure may be implemented in an application (e.g.,
companion application 424 of FIG. 4), 1t will be recognized that the technigues of this
disclosure may be implemented on many different devices that can be connected (wired
or wirelessly) to one or more of hearing instruments 102, In some examples, the
techniques of this disclosure may be implemented in software for fitting hearing
instruments 102, where such software runs on a computer which may be one such
“device.”
18158] While this disclosure describes measures of heart rate and heart rate recovery,
the techniques of this disclosure may be applied to different measures of cardiovascular
fitness, such as the following:
e Resting heart rate {classified by the patient, or by the IMU of the hearing device
e FElevated heart rate {during gencric exercise, or activity classified by hearing
device)
& Heart rate vanability
e Blood pressure
¢ Blood oxygenation
[63159] While this disclosure describes techniques for using cardiovascular data, or the
act of collecting cardiovascular data, to augment a measure of physical wellness, the
same type of augmentation of the wellness measure could be accomplished using
different sensors, and different physiological measures, such as the following:

e Flectrocardiogram (ECG) data

L]

Electroencephalogram (FEG) data
¢ Blood glucose data

#  Body temperature data

e Body hydration level data

e Respiratory data
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{8168} Thus, some examaples of this disclosure may relate 1o sconing of (¢.g., increasing
a point total for) biometric data using hearnng instruments and a user mterface, scormg
of {imcreasing a point total for} cardiovascular data using hearing device and mobile user
interface, and/or automatic classification of activity of the user of hearing instruments
102 when a heart rate measurement is made, thus providing context for cach
measurement.

18161} FIG. 12 is an example GUI for display of a wellness measure i accordance with
one or more aspects of this disclosure. In the example of FIG. 12, GUI 1000 further
meludes a heart rate element 1200 mdicating a most recent heart rate measure. In some
examples, heart rate element 1200 does not indicate a ive measurement of the user’s
heart rate, but rather indicates a heart rate as recorded during a most recent time the vser
tnitiated a heart ratc measurement process. Not tracking the user’s current heart rate
may save electrical encrgy and may avoid depleting a power source of hearing
instouments 102, In other examples, heart rate element 1200 indicates a live (e.g.,
current) heart rate of the user.

[6162] In some examples, in response to receiving an indication of user input to select
heart rate element 1200, a computing system (g.g., computing system 104, hearing
instruments 102, and/or one or more other devices) may display a heart health interface.
16163} FIG. 13 is an example GUIL for display of a heart health interface 1300 in
accordance with one or more aspects of this disclosure. In the example of FIG. 13, heart
health nterface 1300 includes a feature mdicating a most recent heart rate 1302 and a
feature 1304 indicating a score for heart rate recovery. In response {0 receiving an
indication of user input to select feature 1304, the computing svsiem may begin a
guided routine to assess the heart rate recovery of the user of hearing mstroments 102,
18164] Additionally, in the example of FIG. 13, heart health interface 1300 may include
a feature 1306. In response to receiving an indication of user input to select feature
1306, the computing system may nitiate a measurement of the heart rate of the user of
hearing mastruments 102,

18165] FIG. 14A 15 a conceptual diagram illustrating a variant of the GUEof FIG 12,
accordance with one or more aspects of this disclosure. In the example of FIG. 144, a
GUT 1400 may mclude a heart icon 1402, Heart icon 1402 may show various fevels of
fullness depending on a mumber of heart health points earned. In some examples, heart

tcon 1402 may include text mndicating the mumber of heart health points carned.
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16166} FIG. 14B is a conceptual diagram illustrating a vanant of the GUIL of FIG. 12, in
accordance with one or more aspects of this disclosure. In the example of FIG. 14B,
heart rate element 1200 is replaced in GUI 1404 with fillable heart icons 1406, Fillable
heart icons 1406 may be filled in accordance with heart health points camned. For
cxample, fillable heart 1cons 1406 may be filled in response to the user initiating a
measurement of the user’s resting heart rate. Furthermore, as shown in the example of
FIG. 14B, fillable heart icons 1406 may melude text indicating the users’ resting heast
rate during corresponding heart rate measurement sessions.

[6167] FIG. 15 1s a conceptual diagram ilustrating an example calculation technique for
a body score, in accordance with one or more aspects of this disclosure. In the example
of FIG. 13, a body score may have a stops sub-component, an activity sub-component,
and a move sub-component, as described elsewhere in this disclosure. In the example
of FIG. 15, the steps sub-component has a maximuam of 40 pomts, the activity sub-
component has a maximum of 40 pomnts, and the move sub-component has a maximum
of 20 points, for a total of 100 points. In this example, bonus points may be added to
the body score when the user of hearing instruments 102 measures their heart rate. In
the example of FIG. 15, the points structure of the body score 1s not changed by such
bonus points. This may give the user of hearing instruments 102 more wayvs to get a
perfect score. In some examples, the content of FIG. 15 may form part of a GUE, such
as GUI 1000 (FIG. 11), GUT 1400 (FIG. 14A), GUI 1404 (FIG. 14B) and/or other GUIs.
[8168] In some instances, the scoring structure of FIG. 15 with bonus points may be
used with GUE 1400 (FIG. 14A) or GUI 1404 (FIG. 14B}. In some such examples, the
bonus points may be unclassified. “Unclassified” points may be eamed by taking any
heart health measure; it would be up to the user to determine which measures to take,
rather than needing some from this category, some from that category, to earn all
available points.

[8169] Such unclassified bonus points may provide credif for a resting heart rate,
elevated heart rate, and using the heart rate recovery routine. In some examples, the
bonus points may be classified. “Classified” points may be separated into different
measures of heart health, such as resting heart rate or heart rate recovery. In order to
carn tull credit, a vanety of different measures would have to be made (as opposed to
just resting heart rate, for example). Such classified bonus points may be for checking
resting heart rate. In some such examples, there may be 2 points per measure, with a

maximum of 10 bonus points.
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{6178} In some examples, to provide credit for resting heart rate, clevated heart rate,
and using the heart rate recovery routine, boundaries may be set for what constitutes a
range of desired values for those metrics. Those boundaries could be set by a
manufacturer of hearing instruments 102, by the patient along, or in conjunction with a
medical professional. For example, there are normative data for what is deemed to
constitite a healthy resting heart rate, or healthy heart rate recovery value. The
computing system may award users for having measurement values that arc deemed
healthy. The measurement values that are deemed healthy may be defined as a function
of the age of the user. For users who have heart health values outside of the healthy,
desired range, the computing system may encourage the users to work towards
betterment of their heart health, or encourage the users to consuft with a medical
professional.

18171} FIG. 16 13 a conceptual diagram 1Hustrating an example calculation technigue for
a body score, in accordance with one or more aspects of this disclosure. In the example
of FIG. 16, a body score may have a step sub-component, an activity sub-component,
and a move sub-component, as described elsewhere in this disclosure. Additionally, as
shown in the example of FIG. 16, the body score may have a heart health sub-
component that contributes points to a point total for the body score. In the example of
Fi(. 16, the steps sub-component has a maximum of 40 points, the activity sub-
component has a maximum of 20 points, the move sub-component has a maximum of
20 points, and the heart health sub-component has a maximum of 20 points, for a total
of 100 points. In some examples, the computing system may ingrease a point total for
the heart health component for using features {¢.g., heart rate determination, heart rate
recovery) a given number of times per day. In some examples, to accommodate the
additional heart health sub-component of the body score, circular diagram 910 (FIG. 9)
may be changed to include a segment for the heart health sub-component, and there may
be a feature n addition to features 904, 906, and 908 for the heart health sub-
component.

198872} FIG. 17 is a conceptual diagram 1Hustrating an example user interface feature
1700 for indicating values of components of heart health sub-component, in accordance
with one or more aspects of this disclosure. In the example of FIG. 16, the heart health
sub-component is based on the number of times the user of hearing instruments 102
checks their resting heart rate during a time period and the number of times the user

performs the heart rate recovery routine during the time period. In the example of FIG.
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17, the computing system awards the user a star (which may be worth x; points, where
¥z 18 2w the example of FIG. 17) for cach time the user checks their resting heart rate in
the time period {which in the example of FIG. 17 15 one day), up to a madimum of x2
stars {which in the example of FIG. 17 1s six stars). Furthenmore, in the example of
Fi(. 17, the computing systerm may award the user a star {which may be worth y:
points, where v7 1s 4 m the example of FIG. 17) for each time the user checks their
resting heart rate m the time period {(which in the example of FIG. 17 1s one day), up o
a maximum of y2 stars (which in the example of FIG. 17 is 2 stars).

16173} In some examples, the resting heart rate is based on user-mitiated measurements
and also user-mediated classification (1.¢., the user of hearing mstruments 102
determines whether the useris at rest}. For instance, in some examples, the user may be
trusted to take measures of their heart rate while at rest. In some examples, the user
mav be rewarded for checking their heart rate at any time.

18174} In some examples, the resting heat rate and/or heast rate recovery are measured
automatically {¢.g., on a periodic basis}. In other words, the user may not need to
initiate measurements of the user’s heart rate and/or heart rate recovery. In some suc
cxamples, goal-based rewards may be used. However, in examples where the user
imitiates the measurements {¢.g., of the user’s heart rate) antomatically, the aser may be
aware that such measurements may consume battery power, and therctfore may disable
the measurements in order to avoid the inconvenience of needing to recharge the
batteries of hearing instruments 102 as frequently. Providing rewards, such as pomts,
may help to incentivize the user to allow automatic measurements or manually perform
measurements.

[8175] FIG. 18 is a conceptual diagram tHlustrating an example user interface feature
1800 for indicating values of components of heart health sub-component, in accordance
with onc or more aspects of this disclosure. In the example of FIG. 18, a scoring system
1s based on the number of times the user of hearing instruments 102 checks their resting
heart rate, heart rate recovery, heart rate variability, blood pressure, and blood
oxygenation. fan other examples, in addition to or in place of one or more of these, the
scoring system may be based on the number of times the user checks of the user’s heart
rate while the user’s heart rate 1s elevated. In the example of FIG. 18 and other
examples. the computing svsiem may increase a point total (and/or number of stars)

based on data such as current or historical measures. Such data may be housed (c.g.,
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presented) in a separate cardiovascular section, and not in the body score section of the
user mterfaces.

[8176] FIG. 19 is a conceptual diagram tHhustrating an example user interface feature
1900 for a goal-based heart health component in accordance with one or more aspects of
this disclosure. In a scoring structure, such as that of FIG. 16, where heart health is a
sub~-component of the body score, the computing system may increase a point total in
the heart health sub-component of mecting cardiovascular goals. The computing svstem
may increase the point total of the heart health sub-component for achicving
cardiovascular goals in addition to or as an altemative fo increasing the point total of the
heart health sub-component for taking measurements {e.g., heart rate measurements,
heart rate recovery, ¢tc.}. Example cardiovascular goals may inclade one or more of)
resting beart rate being within a particular range, exercisc heart rate being above a given
nuntber of beats per minute, a heart rate clevated due to exercise N times per day {(where
N is a positive number}, a heart rate recovery score in a particular range, a heart rate
recovery score fower than a rolling average of heart rate recovery scorcs, a heart rate
recovery score being lower by some percentage relative to carlier heart rate recovery
scores, and 50 on.

(8877} In the example of FIG. 19, user nterface foature 1900 shows a heart icon as
being in different bands depending on the beats per mimute of the user of hearing
nstruments 102,

[8178] FIG. 20 13 a conceptual diagram iHustrating an example expanded activity sub-
component 2000 in which heart rate measurements are indicated for different types of
activities in accordance with one or more aspects of this disclosure. In the example of
FIG. 20, heart rate measurements are indicated for bicyching, gyvmnastics, karate, and
rowing activities. More, fewer, or different activities {¢.g., ranning, weightlifting, cross-
training, ctc.} are possible. In some examples, the heart rates indicated for the activities
may be an average or peak of heart rates measured while the user is performing the
activities. In some examples, one or more of heanng instruments 102 may measure the
heart rate of the user when a level of remaining power in a power scurce {2.g., power
source 312} is above a threshold. In some examples, the computing system may have a
separate heart health history for cach activity.

18879} In some examples, a computing system may output the expanded activity sub-
component 2000 for display i response to receiving an indication of user sclection of

the feature 906 for the activity sub~-component. The computing system may receive an
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mdication of user input mdicating which actions or activities the user is performing or
was performing when measuring their heart rate.

18188} In some examples, other types of data may contribute to one or more measures
of the wellness of the user of hearing mstrements 102, For example, the computing
system may use signals from one or more of heart-related sensors 1124 (FIG. 11) of
hearing matrument 1100 to generate arrhythmia-related information that may be used to
assess a risk that the user has experienced one or more types of cardiac arrhythmia, such
as atrial fibrillation. For mstance, m this example, a set of clectrodes may be built into
one or more of hearing nstruments 102, In some examples, the sets of electrodes are
mehuded in a behind-the-car portion of hearing instruments 102 or another portion of
hearing nstruments 102,

[6181] fo somc examples, the computing system may use signals from the set of
electrodes to generate an electrocardiogram (ECG) that tracks electrical activity of the
user’s heart. Furthermore, in some examples, the computing system may output the
ECG for display {(c.g., in a user interface of companton application 424). To analvze the
signals from the set of electrodes, the computing system may apply an algorithm for
detecting QRS complexes. Example algorithms for detecting QRS complexes include
the Pan-Tompking algorithm and algonthms based on the Hilbert transform. The
computing system may analvze the QRS complexes to determine the presence or
absence of P waves. The absence of P waves in combination with a rapid heart rate
(e.g., greater than 100 beats per minute} may correspond to a high risk that the user has
experienced an occurrence of atrial fibrillation. In some examples, the computing
system may applv a machine leaming system, such as a neural network, to the signals to
determine risks that the user has experienced an occurrence of a cardiac arrhythmia,
(8882} In some examples, the computing system may output a message {e.g., in a user
interface of companion application 424, as a text message, as an n-car audio message,
ete ) to the user in response to determining that the computing system has determined
that there 1s an adequately high risk that the user has experienced or 1s experiencing a
cardiac arrhythmia. For instance, in one example, the computing system may determing
that therc is an adequately high risk that the user has experienced or is experiencing
atrial fibrillation if there 1s an absence of P waves and a rapid heart rate. In another
example, the computing system may determine that there is an adequately high risk that
the user has experienced or 18 experniencing periods of asystole if no heart rate can be

detected. In some examples, the computing system may output such a message to a 3¢
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party, such as a monitoring service, a physician, a caregiver, a family member, or
another type of person.

[8183] In accordance with a technigue of this disclosure, the computing sysiem may use
arrhyvthmia-related mformation as part of one or more measures of the health of the user
of hearing instruments 102, For instance, the arrhythmia-related mformation may be
integrated into a heart health score for the user and/or a body score for the aser. Thus,
in some examples, the computing system may determine the user’s heart health score
and/or body score based at least on part on arthythnua-related information. For
instance, in some examples, the computing system may reduce the user’s heart health
sub-component 1if the computing system determines that a sufficiently high nsk that the
clectrical signals represent an occurrence of a cardiac archythoua,

[8184] In some cxamples, the user may initiate an arrhythmia analvsis process that
measures electrical signals of the user’s heart and analyzes the electrical signals to
determing a risk that the electrical signals represent an occurrence of a cardiac
arthythmia. For instance, similar to feature 1306 in the example of FIG 13, a user
interface mav mclude a feature for initiating the arrhyvthnua analysis process. Thus, in
response to receiving an indication of user input to select this feature, the computing
system may initiaie the arrhythmia analysis process. Performing the arrhyvthmia
analvsis process in response to user input may belp hearing instruments 102 conserve
energy relative to systems in which heaning instruments 102 automatically or
contimuously perform the arthythmuia analysis. However, placing responsibility on the
user to initiate the arrhythmia analvsis process may result in the user forgetting to
regularly imtiate the arrvthmia analysis process. Accordinglv, the computing system
may use score-based techniques to mcentivize the user to initiate the arrhythmia
analvsis process.

[6185] Similar to the example of FIG. 15, the computing system may add bonus poinis
to the body score of the user when the user initiates the ardhvthmia analysis process. In
an example similar to that of FIG. 16, the user’s body score has a heart health sub-
component. The computing system may assign points contributing to the heart health
sub-component based on the user initiating the arrhythmia analysis process. In
examples simifar to that of FIG. 17 and FIG. I8, the computing svstem may increase a
number of awarded stars in response to the user nitiating the arrhythmia analysis
process. In some examples, the computing system may use a heart health score separate

from the body score.
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10186} FIG. 21 is a flowchart illustrating an example operation, in accordance with one
or more aspects of this disclosure. In the example of FIG. 21, a computing sysiem may
receive heart-related data from one or more heanng instruments (2100}, The computing
system comprises a sct of one or more clectronic computing devices. For instance, the
computing system may include one or more computing devices of computing systent
104 (Fi(z. 1), hearing instruments 102, and/or one or more other devices. As described
clsewhere in this disclosure, the heart-related data may 1oclade a signal from a PPG
sensor of the one or more hearing wnstruments, a signal from an IMU of the one or nore
hearing mstruments, one or more signals from ECG clectrodes of the one or more
hearing nstruments, and/or other signals.

(8887} Furthermore, in the example of FIG. 21, the computing system may determing,
based on the heart-related data received from the one or more hearing instruments, a
heart health measure for a user of the one or more hearing instruments (2102}, The
heart health measure is an indication of one or more aspects of a health of a heart of the
User.

[6188] The computing svstem may determine the heart health measure in any of various
ways. For instance, in one example, the computing system may determine a plurality of
sub-components of the heart health measure. For instance, the sub-components may
include one or more of a heart rate sub-component and a heart rate recovery sub-
component. The computing system may determine the heart rate sub-component as a
total number of times the user initiated the process to check the user’s heart rate. The
computing system may deiermine the heart rate recovery sub-component as a total
number of times the user initiated the process to check the user’s heart rate recovery. In
this example, the compoting system may determine the heart health measure based on
the plurality of sub-components of the heart health measure. For instance, the
computing system may deternune the heart health measure as a total of points for the
sub-components.

18182} The computing system may output an indication of the heart health measure to
the user of the hearing mstruments {2104). For mstance, the computing system may
output the indication of the heart health measure 1 a GUI as described elsewhere in this
disclosure. In some examples, the computing svsiem may send a message (¢.g.. to the
user of the hearing instruments or a 3% party} indicating the heart health measure.
16196} in somc examples, the computing system may detenming, based on the data

received from the one or more hearing mstruments, a body measure for the user. The
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hody measure may be an indication of physical health of the user. The computing
system may output an indication of the body measure. In some examples, the
computing system determines the body measure in accordance with anv of the examples
provided elsewhere i this disclosure, or others. Thus, in some examples, the
computing system may output mdications of both the heart health measure and a
separate the body measure. In other examples, the heart health measure is a sub-
component of the body measure. For mstance, in such examples, the computing system
may add together points for cach of the sub-components of the body measure to
determine the body measure. Furthermore, in some examples where the body measure
and the heart health measure are separate, the computing svstem may determine a
wellngss measure {e.g., a Thrive Score) based on the body measure and the heart health
measure. In such examples, the wellness measure may be an indication of an overall
wellness of the user. For instance, the computing system may add together the body
measure and the heait health measure.

16191} FIG. 22 is a flowchart tHustrating an exarple operation, 1n accordance with one
or more aspects of this disclosure. The example of FIG. 22 may be considered an
extension of the operation of FIG. 21, In the example of FIG. 22, a particular hearing
instrument in the set of hearing instruments is configured to receive a request for the
heart-related data and wirelessly transmit the heart-related data 1o response to the
request. The request may be mitiated by the user of the one or more hearing
instnuments. Furthermore, in the example of FIG. 22, the particular hearing instrument
uses electrical energy from a battery {e.g., power source 1114} internal to the particular
hearing mstrument to wirelessly transmit the heart-related data to the computing system
n response to the request.

(8892} In the example of FIG. 22, the computing system receives the heart-related data
from one or more hearing instruments, including the particular hearing instrument
(2200). Furthermore, the computing svstem may determine, based on the heart-related
data, a heart health measure for the user of the one or more heanng instruments (22023,
In the example of FIG. 22, as part of determining the heart health measure, the
computing svstem may increase a point total of the user by one or more points based on
a number of times that the user imtiated a request tor the heart-related data during a
scoring time period {2204). For instance, the computing system may increase the point
total by 2 points for cach time the user inttiated a process to check the user’s resting

heart rate, up to a first imit; and may increase the pomnt total by 2 points for each time
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the user mitiated a process to check the user’s heart rate recovery. The computing
system may ouiput an indication of the heart health measure to the user of the heanng
mstruments (2206}, The computing system may output the indication of the heart health
measure 10 accordance with any of the examples provided elsewhere in this disclosure,
and others.

[8193] Furthermore, in the example of FIG. 22, the computing system may determine,
based on the heart-related data, whether to generate a notification (2208}, The
notification may be with regard to an aspect of a cardiac health of the user of the hearing
mstruments. For instance, the computing svstem may make a determination to generate
the notification in response to determining that the user’s resting heart rate or heart rate
recovery 1s outside a healthy range, in response to determining that the aser has
cxperienced a beart arrhvthmia, or in response to other conditions. In response to
making the determination not to generate the notification (“NO7 branch of 2212}, the
computing system does not send the notification (2212},

16194} However, in response to making the determination to generate the notification
(“YES” branch of 2208}, the computing svstem may send the notification to one or
more recipients (2210). For instance, the computing system may send the notification
to the user of the hearing instruments or a third party. The third party may be a paity
other than the user of the hearing nstruments and other than a provider of the
computing system.

1#195] In some examples, the computing system may ose data from one or more
sensors of hearing insteuments 102 or other devices to generate stress-related data. For
instance, the computing svstem may use data from stress-related sensors 1126 of
hearing instrument 1100 (FIG. 11). The computing system may use the stress-related
data to determine an emotional stress level of the user. Furthermore, in some examples,
the computing system may use the determined emotional stress level to encourage the
user to perform activities to manage their levels of emotional stress.

[8196] For instance, FIG. 23 1s a flowchart of an example operation in which the
computing system uses stress-related data, in accordance with one or more aspects of
this disclosure. In the example of FIG. 23, the computing systom may receive stress-
related data from one or more of heanng mstruments 102 (2300). For instance, the
computing system may receive the stress-related data via a wireless transmission from
one or more of hearing instruments 102, 1n some examples, such as examples where the

computing systern 1s implemented as one or more processors in a hearing instrument,



WO 2020/176533 PCT/US2020/019739

52

the processors may receive the stress-related data from one or more sensors of the
hearing mstrument. The stress-related data may include one or more of data regarding
meditation practices of the user of the hearing instruments, data regarding physical
activity fevels of the user of the hearing mstruments, or data regarding a respiration rate
of the user of the hearing instruments, or other types of data relating to a stress level of
the user of hearing nstruments 102,

18197} Additionally, in the example of FIG. 23, the computing system may determing,
hased on the stress-related data, an emotional stress measure of a user of the one or
more hearing nstruments (2302). The emotional stress measure being an indication of
one or more aspects of a level of emotional stress of the user. Additionally, the
computing system may cutput an indication of the emotional stress measure to the user
of the hearing mstruments (2304).

184198} The computing system may determine the emotional stress measure in one of
various wavs. For instance, in some examples, a set of sensors in hearing instruments
102 may generate signals that the computing system may use to detect a respiration rate
of the user. Higher respiration rates, especially when not associated with physical
movement, are often a sign of emotional stress. In other words, when people are
cmotionally stressed, they tvpically breathe more but this higher respiration rate is not
associated with exercise or other physical activity. IMUs, microphones, and other tvpes
of sensors may generate the signals that the computing svstem may use to detect the
respiration rate of the user. In some examples, the computing system may detect the
respiration rate of the user by based on a signal from an mward-facing microphone on
the medial end of a receiver in the car canal of the user. In such examples, an acoustic
signature of respiration may be defined through supervised machine leaming, and the
computing system may apply algorithis that classify internal body noise as inhalation
or exhalation. The computing system may use patterns of nhalation and exhalation
over time to measure respiration rate. In some examples, the computing svstem mayv
deduct points from an emotional stress measare for cach instance where the computing
system determines that the user has experienced an episode of emotional stress.

16199} The computing systerm may use signals from other types of sensors in hearing
mstruments 102 to determuine an emotional stress level of the user of hearing
instruments 102, For example, the sensors in hearing instroments 102 may inchude
clectrodes configured to generate EEG signals. Certain pattermns of EEG signals are

associated with relaxation and stress. For instance, EEG signals that exhibit wave
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pattems in the alpha band arc associate with relaxation. In condrast, EEG signals that
exhibit wave patterns in the beta band are associated with anxious thinking and active
concentration. In adults, EEG signals that exhibit wave patterns in the thota band may
be associated with meditation.

[08200] in some examples, the stress-related information may melude sclf~reported
information (i.¢, stress-related data) about the user’s stress management practices. For
example, the computing system may receive indications of user input indicating
amounts of time that the user spent practicing meditation. fn some examples, the
computing system may receive mformation about the user’s stress management
practices from one or more software applications or devices. For example, a software
application for meditation may provide information to the computing system indicating
amounts of time that the user spent practicing meditation. In some cxamples, the
software application for meditation provides audio data through hearing instruments
102

10201} In some examples, the computing systern may use the stress-related information
to deternune a stress level of the user of hearing mstruments. For example, the
computing system may apply a neural network to the stress-related information to
generate information idicative of the emotional stress level. In this example, the neural
network may output a score indicative of the user’s stress level,

[8202] The computing svsiem may use stress-related mformation as part of one or more
measures of the health of the user of hearing nstruments 102, For instance, the
computing system may add bonus points to a brain score of the user if the user is taking
steps to manage stress. For example, the computing system may add a given number of
bonus points to the brain score of the aser if the stress-related information indicates that
the user performs at keast a particular number of minetes of meditation. In some
cxamples, the computing svstem may add a particular number of bonus points to the
brain score of the user 1t the stress-related mformation indicates that the user’s heart rate
did not rise above a particular it while not performing a physical activity.

16203} FIG. 24 is a flowchart of an exampie operation in which the computing system
uses stress-related data to determine whether to perform an tdervention action, in
accordance with one or more aspects of this disclosure. The example of FIG. 24 may be
considered an extension of the operation of FIG. 23, In the example of FIG. 24, the
computing system may obtain stress-related data from one or more hearing instruments

(2400).
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16204} In the computing system may obtam the stress-related data 1 one or more of
various ways. For mstance, in one example, a particular hearing instrument in a set of
hearing mnstniments (e.g., heanng instruments 102} may be configured to receive a
request for the stress-related data and wirelessly transmit the stress-related data in
response to the request. In this example, the request may be initiated by the user of the
one or more hearing mstruments. Furthermore, in this example, the particular hearing
instrument uses electrical energy from a battery internal to the particular hearing
nstrument to wirelessly transmit the stress-related data to the computing systom in
response to the request. In some examples, the computing system may obtain the
physiclogical data via communication channels {¢.g., communication channels 1116},
via a wireless communication link, or in another manner.

16205] Addimionally, the computing svstem may determine, bascd on the stress-related
data, an emotional stress measure of a user of the one or more hearing mnstruments
(24023, As before, the emotional stress measure 1s an indication of one or more aspects
of a level of emotional stress of the user.

[8206] In the example of FIG. 24, as part of determining the emotional stress measure
of the user, the computing system may mcrease a point total of the user by one or more
points based on a number of times that the user imtiated a request for the stress-related
data durning a scoring time period (2404}, For example, the computing system may
increase the pomnt total by a pomt (which may be represented by a star or other icon) for
each time the user initiates a request for the stress-related data during the scoring period,
up to a given maxinwum number of points. In another example, the computing system
may increase the pont total by a given number of points (e.g.. 5 points) for cach tme
the user initiates a request for the stress-related data duning the scoring period.

18287} In some examples, the computing system may use the point total of the user for
tnitiating requests for stress-related data to determine a cognitive wellness score for the
user. For mstance, the computing system may add the points awarded for mitiating
requests for stress-related data to the points awarded as described elsewhere 1n this
disclosure, to determing the cognitive wellness score.

16208} In some examples, the computing systern may determinge, based on the stress-
related data, whether the user of the hearing instruments has achieved one or more siress
management goals for the user of the bearing instruments. For example, the stress-
related data may indicate an amount of time the user used hearing instruments 1072 to

perform guided meditation. In this example, the computing sysiem may determine that
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the user has achieved a stress management goal if the user has used hearing instruments
102 to perform at least a particular number of minutes of guided meditation in a
particolar time period. In another example, a stress management goal may be to
maintain a stable heart rate while at rest or resting respiration rate over a period of time,
In this example, the IMU and associated activity-classification algorithms may be used
to determing when the user 1s at rest. The computing system may use one or more
sensors of the hearing instruments to determine values of the physiological measures of
mterest, such as respiration rate. Furthermore, in one example, onc or more of the
hearing mstruments may include a sensor for detecting the galvanic skin response,
which is a measure of skin conductance and may be used to measure physiclogical
arousal, which is a proxy for stress. In this example, a stress management goal may be
to keep the amount of time during which the user experiences physiological arousal to
below certain thresholds. The computing system may increase the point total by one or
more points to the user of the hearing instruments based on the user of the hearing
instruments achicving the one or more stress management goals.

[6209] Furthermore, in the example of FIG. 24, the computing svstem may output an
ndication of the emotional stress measore to the user of the hearing instruments (2406).
The computing svstem may output the indication of the cmotional stress measure in
accordance with any of the examples provided with respect to action 2304 of FIG. 23,
and others.

[8210] In the example of FI(. 24, the computing svstem may determing, based on the
stress-related mformation, whether to perform an intervention action (2408). An
mtervention action encourages the user of hearing mstraments 102 to take action to
manage the user’s stress level. For example, in response to determining that the user’s
stress level is above a particular threshold, the computing system may cause hearing
instruments 102 to output audio signals that ask the user whether they would like to
perform a stress~management action. For example, the computing system may cause
hearing mastruments 102 to output audio signals with a regular rhythm, like the sound of
a metronome, with which the user of hearing instraments 102 can syvnchronize their
breathing. In other words, the computing system may instruct hearing instruments 102
1o output a metronomic rhythm and an audio message encouraging the user of the
hearing nstruments to synchronize their breathing to the metronomic rhvthm.
Intentional slowing of the respiration rate may decrease the user’s heart rate and may

reduce the user’s feelings of stress. In some examples, the computing sysiem may cause
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hearing instruments 102 to send a message to the user of hearing instruments 102
suggesting stress management techniques. For mstance, the computing system may
cause hearing instruments 102 to output audio affirmations and encouragement to the
user of hearing instruments 102, In some examples, the computing system may cause
hearing mnstruments 102 to output audio of encouragement to practice meditation.
18211} In some examples, as part of performing a notification action, the computing
system may send ong or more messages 1o an account associated with the aser of
hearing mstruments 102, where the messages provide information about technigues to
reduce stress. For exarmpie, the computing systermn may send email messages to an email
account of the user, SMS messages to a phone number of the user, and so on. In some
examples, the computing system may cause a GUI {c.g., a GUI of companion
application 424 (FIG. 4}) to contain messages about technigues for reducing stress.
19212} In some examples, as part of performing a notification action, the computing
system may send a notification to a third party. The third party may be a party other
than the user of hearing instruments 102 and other than a provider of the computing
system. In response to receiving such a notification, the third party may advise the user
of hearing instruments 102 on ways to reduce the aser’s stress levels.

16213} The computing system may make the determination of whether to perform the
intervention action in any of one or more ways. For example, the computing svstem
mav impiement a machine leaming model (e.g., a neural network) that takes the stress-
related information as input and outputs an mdication of whether to perform the
intervention action. In some examples, the computing system may apply a rules engine
that evaluates a set of rules. In such examples, a rule may indicate that an mtervention
action 18 to be performed 1if the stress-related information mdicates that the user
experiences more than a given number of stressfil episcdes during a particular time
period {¢.g., day, week, hour, ¢tc.). In some examples, a rale may indicate not to
perform an intervention action if the stress-related data indicates that the user s
performing actions to reduce the user’s stress level. For instance, the rule may indicate
not to perform an intervention action if the stress-related data indicates that the user is
exercising meditation, performing regular physical exercise, or performing other
activities that are associated with stress reduction.

16214} In response to making a determination to perform the ntervention action {("YES”
branch of 2408}, the computing svstem may perform the intervention action (2410). For

instance, the computing svstem may send an email message, oufput an audio message,
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or perform any of the other example intervention actions described elsewhere in this
disclosure, or others. (therwise, in response to making a determination not to perform
the intervention action ("NO7 branch of 2408), the computing system does not perform
the intervention action {2412).

[8215] In some examples, in addition to or as an altemative to using heart-related
information (1.¢., heart-related data} to determuine one or more measures of the physical
or mental wellness of the user of hearing mstruments 102, the computing system may
use the cardiovascular-information for purposes of fall detection. Falls are a common
cause of serious injury, especially among the elderly. People with certain
cardiovascular conditions are at a greater risk of falling. For mstance, a user is more
likely to fall if there is too little oxygenated blood reaching the user’s brain. The user
may have too little oxygenated blood reaching the user’s brain for a varniety of reasons,
such as when the user has low blood pressure, 1s experiencing a cardiac arrhythmia, has
a heart rate that is abnormally fast or slow, or has an abonormally fast or slow respiration
rate.

16216} The computing system may use one or more of vanous techniques tor detecting
a fall. For instance, in some examples, the computing system may determine whether
the user has fallen based on signals from IMU 326, In some exampies, the computing
systern uscs information from one or more photoplethvsmography (PPG) sensors of
hearing mstruments 102 to detect whether the user has fallen {e.g., as deseribed in U S
Patent Application 16/230,110, filed December 21, 2018). One challenge associated
with fall detection is minumizing false alarms while reducing the chances of a real fall
not being detected. Falae alarms can be mconvement and waste the resources of first
responders. However, the user may not receive needed help if the fall detection
algorithny did not detect a real fall.

(6217} As shown in the example of FIG. 11, heaning mstrument 1100 may include a fall
detection system 2028 that 1s configured to detect whether the user of hearng
instniment 1100 has fallen. In other examples, fall detection system 2028 may be
implemented in hardware or in a device separate from hearing instroment 1100,

{6218} In accordance with a technigue of this disclosure, the computing sysiem may use
the heart-related information to determine whether the user of hearing instruments 102
is at an increased nsk of falling. In response to determining that the user is at an
increased risk of falling, the computing system mayv change a sensitivity level of the fall

detection algorithm. For instance, if the computing system determines that the user’s
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blood pressure is low, that the user is expenencing a cardiac arthythunia, or that the
user’s heart rate is abnormally high or low, the computing system may increase the
sensitivity level of the fall detection algorithm. In general, a higher sensitivity level
reduces the likelihood that the fall detection algorithm does not detect a fall, but also
increases the likelihood of false detections.

[8219] In some examples, the fall detection algorithm may generate a value indicating a
likehhood that the user has fallen. For instance, in one example, a neural network may
be trained to generate the value. In this example, the neural network may take various
tvpes of data as input. For instance, the neural network may take IMU data, PPG data,
or other types of data as input. Furthermore, in this example, the computing svstem
may detenmine that the user has fallen if the value is greater thas a threshold, Changing
the sensitivity level of the fall detection algorithm based on the cardiovascular
formation may comprise adjusting the threshold.

16228} In some examples, the computing systern may use other information in addition
to or as an altemative to the cardiovascular information to determine whether the user of
hearing mstruments 102 1s at an increased risk of falling. For example, one or more
EEG electrodes may be integrated mito hearing instruments 102, In this example, the
computing system may monitor EEG signals from the EEG electrodes for signs that the
user mught be experiencing or is at risk of experiencing an epileptic seizure. For
instance, the computing system may monitor the EEG signals for spikes or sharp waves
that may represent seizare activity or interictal activity. Accordingly, the computing
system may merease the sensitivity level of the fall detection algorithm in response o
determining that the user might be experiencing or is at risk of experiencing an epileptic
seizure.

18221} FHG. 25 is a flowchart tlustrating an example operation, in accordance with ong
or more aspects of this disclosure. In the example of FIG. 25, a computing svstem may
obtain physiological data based on signals generated by a first set of one or more
sensors of a hearing instrumment (25003, The computing system may include computing
system 104, hearing instraments 102, and/or other devices or systems. For instance, in
some examples, the computing system is included in a hearing instrument.

16222} The computing system may obtain the physiological data via communication
channels {e.g., comumumication channels 1116}, via a wireless communication hink, orin
another manner. The physiological data mcludes heart-related data. For instance, the

heart-related data may include one or more of data mdicating a blood pressure of the
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user of the hearing instrument, data indicating a heart rate of the user of the hearing
nstrument, BECG data for the user of the heaning instrument, data regarding a potential
cardiac arrythmia of the user of the heaning instrument, or other types of data related to
the heart of the user. In some examples, the physiclogical data may include data that is
not directly heart related. For instance, the physiological data may include one or more
of EEG data generated by one or more electrodes included in the hearing instrument,
data indicating a respiration rate of the user of the heanng instrument, data indicating a
level of physical activity of the user of the hearing mstrument, or other types of data
regarding the user.

[6223] Furthermore, in the example of FIG. 25, the computing system may modify a
sensitivity level of a fall detection algorithm based on the physiological data (2502).
For example, the computing system may implement a machine leaming model {e.g., a
neural network} that 1 trained to accept the physislogical data as input and to generate
data indicating a sensitivity level. In this example, the computing system may modify
the sensitivity level of the fall detection algorithm to correspond to the seusitivity level
mdicated by the output of the machine leamning model. In this example, the machine
leaming model may be trained using traiming data that map sets of physiological data to
sensitivity levels. In some examples, the computing system may implement a rules
engine that evaluates rules for mapping values of physiological parameters to sensitivity
levels. The sensitivity determination algorithm may use mputs from various
physiclogical sensors to assess whether the user is at increased risk of falling relative to
an average, stable user. For example, those inputs may inchude ambulation rate, IMU-
based measures of balance, activity levels, EEG-based measures of epileptic seizure,
cte. If a user is deemed to be at higher rigk, the computing system may increase the
sensitivity, thereby increasing the likelibood that the computing svstem detects a fall
would be detected when the occurs, and that an alert for assistance would be sent.
8224} The computing system may perform the fall detection algorithm fo determine,
based on signals from a second set of one or more sensors of the hearing instrument,
whether a user of the hearing tostrument has fallen (2504). For instance, in one
cxaraple, the computing system may gencrate a confidence value that indicates a level
of confidence that the user of the hearing instrument has fallen. In this example, the
computing system may determine that the user has fallen based on the confidence value
being greator than the sensitivity level. In this example, the computing system may

generate the confidence level 1n various ways. For instance, in an example where the
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second set of sensors includes a PPG sensor, the computing system may determine DC
component values of a PPG signal and determime differences between the DC
component valugs, An abrupt decrease in the DC component values may correspond to
the user falling. In this example, the computing systerm may determine the confidence
value based on a mapping of differences to allowable levels of confidence. For
instance, greater differences may be mapped to greater levels of confidence. In another
example, a neural network may be trained to generate the level of confidence.

16225} In some examples, the computing systemn modifies the sensitivity level of the fall
detection algorithm in response to an indication of user mput. For example, hearing
mstruments 102 may detect the sound of the user’s voice and the computing system may
detect the user saying something to the effect that they feel vasteady. In this example,
the computing svstcm may use a voice recognition toolkit to analvze the user’s voice for
words or phrases that indicate that the user feels unsteady. In response to detecting
words or phrases that indicate that the user fecls unsteady, the computing system may
mcrease the sensitivity level of the fall detection algorithi. 1n some examples, the
computing system may decrease the sensitivity level of the fall detecting algorithm in
response to an indication of user input. For mstance, if the user is planning to
participate in a cortain type of activity {¢.g., judo), the user may provide an indication of
user input 1o decrease the sensitivity level of the fall detection algorithm.

[#226] In some examples, the computing system may use cardiovascular information
regarding the user of hearing imstraments 102 to determine whether to ask the user
whether assistance 1s needed after determining that the user has fallen. For example, the
computing system may use a fall detection algorithm to determine that the user has
fallen. In this example, the computing system may cause one or more of hearing
instrements 102 to cutput an audio question that asks the user to indicate whether the
user needs agsistance. The user may respond in one or more of various ways, such as by
providing a spoken response, performing a head gesture, or providing another type of
response. In some examples, the compuoting svstem may automatically request
agsistance if the vser does not respond within a particular amount of time.

106227} FIG. 26 is a flowchart tHustrating an exarple operation, 1n accordance with one
or more aspects of this disclosure. In the example of FIG. 26, the computing svstem
may determine whether a user of a hearing instrument has fallen (26060}, For exampie,
the computing system may analvze data from IMU 1118 to identify a pattern of

movement consistent with a fall. For instance, data from IMU 1118 may indicate a
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sudden downward acceleration and abrupt deccleration. In response to determining that

the user has not fallen ("NO” branch of 26003, the computing system may continue a
process of determining whether the user has fallen.

16228} in response to determining that the user has falien (YES™ branch of 2600}, the
computing system may activate one or more sensors of hearing instrument 1100 that
generate heart-related data regarding the user (2602). For instance, the one or more
sensors include a PPG sensor, ECG electrodes, or other types of sensors that generate
heart-related data regarding the user. Activating the one or more sensors in response to
determining that the user has fallen, instead of keeping the one or more sensors
constantly active, may help to conserve electrical energy from power source 1114 of
hearing instrument 1100, Conserving electrical encrgy may be important in hearing
instruments because the space in hearing mstruments for larger power sources s
typically very constrained.

16229} Subsequently, the computing system may detemmine, based on the heart-related
data, whether to prompt the user to confirm that the user has fallen (2604). The
computing svstem may determine whether to prompt the user 1n one or more of vanious
ways.

18238} For instance, in ong ¢xample where the sensors include a PPG sensor, the
computing system may deteroune, based on heart-related data generated by the PPG
sensor, a heart rate of the user. For nstance, the computing systern may determine the
heart rate of the user based on times between peaks of maximum blood perfusion.
Additionally, the computing system may determine, based on the heart rate of the user
being above a first threshold or below a second threshold, whether to prompt the user
the confirm that the user has fallen. That s, the user 1s ikely to have an elevated heart
rate immediately after the user experiences a fall. Accordingly, the likelihood that the
user has actually falien may be bigher if the computing system determines that the user
has an elevated heart rate during a period that immediately follows a time at which the
user is deternnined to have fallen. Moreover, a low heart rate may lead to famting,
which is a common cause of falls. Accordingly, the Likelihood that the user has actually
fallen may be higher it the computing system determine that the user has a depressed
heart rate during a period that immediately follows a time at which the user is
determined to have fallen.

(8231} In some examples where the sensors include a PPG sensor, the computing

system may determine, based on heart-related data generated by the PPG sensor, a level



WO 2020/176533 PCT/US2020/019739

62

of blood perfusion of the user. For instance, the computing system may deternune the
level blood pertusion that is mapped to a DC signal of a signal from the PPG sensor.
Additionally, the computing system may determine, based on the level of blood
perfusion of the user, whether to prompt the user to confinm that the user has fallen. For
instance, the user’s blood perfusion may decrease to a given level if the user has fallen
from a standing position. Accordingly, if the computing system determines that the user
has fallen, and also determines that the user’s blood perfusion has decreased, the
computing system hay prompt the user to confirm that the user has fallen.

16232} In response to determining not to prompt the user to confirm that the user has
fallen ("NO” branch of 2604}, the computing system may continue the process of
determining whether the user has fallen. In some examples, the computing system may
perform one or more additional actions, such as requesting assistance, despite making
the determination not to prompt the user to confirm that the user hags fallen.

198233} On the other hand, in response to making a determination to prompt the user to
confirm that the user has fallen (“YES” branch of 2604), the computing system may
cause the hearing instrument 1o generate a message prompting the user to confirm that
the user has fallen (2606). For example, the compuating system may cause the hearing
imstrument to output an audio message asking whether the user has fallen. In some
cxamples, the computing system may output a haptic signal that prompts the user to
confiom that the user has fallen.

18234} The following is a non-limiting list of examples that arc in accordance with one
or more techniques of this disclosure.

[6235] Example 1A, A computer-implemented method comprising: receiving, by a
computing system comprising a set of one or more electronic computing devices, heart-
related data from one or more hearing imstruments; determining, by the computing
system, based on the heart-related data received from the one or more hearing
nstruments, a heart health measure for a user of the one or more hearing mstruments,
the heart health measare being an indication of one or more aspects of a health of a heart
of the user; and outputting, by the computing system, an indication of the heart health
measure to the user of the hearing mstrumends.

16236] Example 2A. The computer-implemented method of example 1A, wherem: a
particular hearing instroment in the set of hearing mstraments is configured to receive a
request for the heart-related data and wirclessly transmit the heart-related data in

response o the request, wherein the request 1s mitiated by the user of the one or more
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hearing instruments, the particular hearing instrument uscs electrical energy from a
batterv internal to the particular hearing instrument to wirelessly transmit the heart-
related data to the computing system in response to the request, determiming the heart
health measure comprises increasing, by the computing system, a point total of the user
by one or more points based on a number of times that the user initiated a request for the
heart-related data during a scoring time period; and the method further comprises:
determining, by the computing system, based on the heart-related data, whether to
generate a notification; and based on a determination to gencrate the notification,
sending, by the computing device, the notification to one or more recipients.

18237} Example 3A. The computer-implemented method of example 2A, wherem the
on¢ or morc recipicnts include at least onc of: the user of the hearing instruments, ora
third party, wherein the third party is a party other than the user of the hearing
instruments and other than a provider of the computing system.

198238} Example 4A. The computer-implemented method of any of examples 1A-3A
wherein deternuning the heart health measure comprises: determining, by the computing
system, a plurality of sub-components of the heart health measure; and determiming, by
the compuating system, the heart health measure based on the phirality of sub-
components of the heart health measure.

[6239] Example A, The computer-implemented method of example 44, wherein
determining the plurality of sub-components comprises one or more of: determining, by

the computing system, a heart rate sub-component, or deternining

w2

by the computing
system, a heast rate recovery sub-component.

[6248] Example 6A. The computer-implemented method of any of examples 1A-54,
further comprnising: determining, by the computing system, based on the data received
from the ong or more hearing instruments, a body measure for the user, the body
measure being an indication of physical health of the user; and outputting, by the
computing system, an indication of the body measure.

19241} Example 7A. The computer-implemented method of example 6A, wherein the
heart health measure is a sub-component of the body measure.

16242} Example 8A. The computer-iraplemented method of example 6A, further
comprising determining a wellness measure based on the body measure and the heart
health measure, the wellness measure being an indication of an overall wellness of the

User.
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106243} Example 9A. The computer-implemented method of any of examples 1A-8A,
wherein: the heart-related data from the one or more hearing nstruments is based on
one or more of a signal from a photoplethysmography (PPG} sensor of the one or more
hearing instruments, a signal from an inertial measarement unit (IMU) of the one or
more hearing wstruments, or one of more signals from electrocardiogram (ECG)
electrodes of the one or more hearing instruments.

18244} Example 1B. A computer-implemented method comprising: receiving, by a
computing svstem comprising onc or more clectronic computing devices, stress-related
data from one or more hearing imstruments; deteomining, by the computing system,
based on the stress-related data, an emotional stress measure of a user of the one or
more hearing instroments, the emotional stress measure being an indication of one or
more aspects of a level of emotional stress of the user; and outputting, by the computing
system, an indication of the emotional stress measure to the user of the heanng
instrments.

106245] Example 2B. The computer-imoplemented method of example 1B, further
comprnising: a particular hearing instrument in the set of heanng instruments is
configured to recetve a request for the stress-related data and wirelessly transmit the
stress-related data 1n response to the request, wherein the request s initiated by the user
of the one or more hearing instruments, the particular hearing instrument uses electrical
energy from a battery infernal to the particular hearing instrument to wirelessly transmit
the stress-related data to the computing system in response to the request, determining
the emotional stress measure comprises increasing, by the computing system, a point
total of the user by one or more points based on a number of times that the user initiated
a request for the stress-related data dunng a scoring time period; the method further
comprises: determining, by the computing system, based on the stress-related data,
whether to perform an intervention action; and based on a deternunation to perfonm the
ntervention action, performing, by the computing device, the mtervention action.
18246} Example 3B, The computer-implemented method of example 2B, wherein
performing the mtervention action comprises sending a notification to a third party,
wherein the third party is a party other than the user of the hearing instruments and other
than a provider of the computing system.

18247} Example 4B. The computer-implemented method of any of examples 2B-3B,
wherein performing the intervention action comprises one or more of. instructing the

one or more hearing mstruments to output a metronomic rhythm and an audio message



WO 2020/176533 PCT/US2020/019739

[¢3
whn

cncouraging the user of the hearing instruments to synchronize their breathing to the
metronomic rhythm, sending a message to the user of the hearing instraments
suggesting stress management technigues.

16248} Example 5B. The computer-implemented method of any of examples 2B-4B,
wherein determining the emotional stress measure comprises: determining, by the
computing system, based on the stress-related data, whether the user of the hearing
instouments has achieved one or more stress management goals for the vser of the
hearing mstruments; and increasing, by the computing system, the pomt total of the user
by one or more points based on the user of the hearing mstruments achieving the one or
more stress management goals.

16249} Example 6B. The computer-implemented method of any of examples 1B-3B,
wherein the stress-related data comprises one or more of: data regarding meditation
practices of the user of the hearing mstruments, data regarding physical activity levels
of the user of the heanng instruments, or data regarding a respiration rate of the user of
the hearing mstruments.

16238] Example 1C. A computer-implemented method compnsing: obtaining, by a
computing system, physiological data based on signals generated by a first set of one or
more sensors of a hearing mstrument, wherein the physiological data inchudes heart-
related data; modifying, by the computing system, a sensitivity level of a fall detection
algorithm based on the physiological data; and performing, by the computing system,
the fall detection algorithm to determine, based on signals from a second set of one or
more sensors of the hearing nstrument, whether a user of the hearing instrument has
fallen.

18251} Example 2C. The computer-implemented method of example 1€, wherein the
computing system is included in the hearing mstrument.

16252) Example 3C. The computer-implemented method of any of examples 1C-2C,
wherein the heart-related data comprises one or more of) data indicating a biood
pressure of the user of the hearing instrument, data indicating a heart rate of the user of
the hearing instrument, electrocardiogram {ECG) data for the user of the hearing
mstrument, or data regarding a potential cardiac arrvthmia of the user of the hearing
mstroment.

18253] Example 4C. The computer-implemented method of any of examples 1C-3C,
wherein the physiological data comprises one or more: electroencephalogram (EEG)

data generated by one or more electrodes included in the hearing mstrument, data
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mdicating a respiration rate of the user of the hearing jnstruraent, or data indicating a
level of physical activity of the user of the hearing instrument.

[6254] Example 5C. The computer-implemented method of any of examples 1C-4C,
wherein performing the fall detecting algonthm comprises: generating, by the
computing system, a confidence value that indicates a level of confidence that the user
of the hearing instrument has fallen; and determinming, by the compuating system, that the
user has fallen based on the confidence value being greater than the sensitivity level
[6255]) Example 6C. The computer-tmplemented method of any of examples 1C-5C,
further comprising modifving the sensiivity level in response to receiving an indication
of user input.

[8256] Example 1D, A computer-implemented method comprising: determining, by a
computing system, whether a user of a hearing mstrument has fallen; based on a
determination that the user has fallen, activating, by the computing system, one or more
sensors of the hearing instrament that generate heart-related data regarding the user;
determining, by the computing system, based on the heart-related data, whether to
prompt the user to confirm that the user has falien; and based on a determination to
prompt the user to confirm that the user has fallen, causing, by the computing system,
the hearing mstrument (o generate a message prompting the user to confirm that the user
has fallen.

[8257] Example 2D, The method of example 1D, wherem: the one or more sensors
inclade a photoplethysmography (PPG) sensor, and  determining whether to prompt the
user comprises. determining, by the computing system, based on heart-related data
generated by the PPG sensor, a heart rate of the user; and determining, by the computing
system, based on the heart rate of the aser being above a first threshold or below a
second threshold, whether to prompt the user the confirm that the user has fallen.

[6258] Example 3D The method of anvy of exaraples 1D-2D, wherein: the one or more
sensors include a photoplethvsmography (PPG) sensor, and determining whether to
prompt the user comprises: determining, by the computing system, based on heart-
related data generated by the PPG sensor, a level of blood perfusion of the user; and
determining, by the computing system, based on the level of blood pertusion of the user,
whether to prompt the user the confirm that the user has fallen.

16259} Example 1E. A computing system comprising: a communication unit
configured to receive data from one or more hearing instruments; and one or more

processors configured to perform the methods of any of examples 1A-3D.
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10260} Example 2ZE. A computing system comprising means for performing the
methods of any of examples 1A-3D.

(8261} Example 3E. A computer-readable storage medium having instructions stored
thercon that, when executed, cause a computing system to perform the methods of any
of cxamples 1A-3D.

[8262] It 1s to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or feft out altogether {c.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, m certain examples, acts or gvents may
be performed concurrently, ¢ g, through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

16263} in onc or more examples, the functions described may be implerented in
hardware, software, firmwarg, or any combination thercof. If implemented i software,
the functions may be stored on or transmitted over, as ong or more instructions ot code,
a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place i
another, ¢.g., according to a communication protocol. In this manner, computer-
readable media generally mav correspond to (1) tangible computer-readable storage
media which 15 non-transitory or (2) a communication medium such as a signal or
carrier wave. Data storage media may be any avatlable media that can be accessed by
OnE OF MOTE COMPULETs OF ONE OF MOTE Processing circuits to retrieve mstructions, code
and/or data structures for implementation of the techniques descenbed in this

disclosure. A computer program product may include a computer-readable mediom.
[8264] Bv way of example, and not imifation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, cache memory, or any
other medivm that can be uvsed {0 store desired program code in the form of mstructions
or data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if istructions are
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as

wnfrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
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DSL, or wircless technologies such as infrared, radio, and microwave are included in
the definition of medium. ¥t should be understood, however, that computer-readable
storage media and data storage media do not include connections, carmier waves, signals,
or other transient media, but are instead directed to non-transient, tangible storage
media. Disk and disc, as used herein, includes compact disc (CI3), laser disc, optical
disc, digital versatile disc {DVD), floppy disk and Blu-ray disc, where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[6265] Functionality described n this disclosure may be performed by fixed function
and/or programmable processing circuitry. For mstance, instructions may be executed
by fixed function and/or progranunable processing circuitry. Such processing circuitry
may include one or more processors, such as one or more digital signal processors
(D8P}, general purpose microprocessors, application specific mtegrated circuits
{ASICs), field programamable logic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term “processor,” as used herein may refer to
any of the forcgoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the fimetionality described
herein may be provided within dedicated bardware and/or software modules configured
for encoding and decoding, or incorporated in a combined codec. Also, the techmiques
could be fully implemented in one or more circuits or logic elements. Processing
circuits may be coupled to other components in various ways. For example, a
processing circuit may be coupled to other components via an internal device
mterconnect, a wired or wireless network connection, or another communication
medium,

[8266] The technigues of this disclosure may be implemented in a wide varicty of
devices or apparatuses, including a wireless handset, an mtegrated circuit (IC) or a set of
ICs {e.g., a chip set). Vartous components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed technigucs, but do not necessarily require realization by different hardware
umi{s. Rather, as described above, various units may be combined in a hardware unit or
provided by a collection of mteroperative hardware units, including one or more

processors as described above, in conjunction with suitable software and/or fumware.
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16267} Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED I5:

1. A computer-implemented method comprising:
receiving, by a computing systen: comprising a set of one or more ¢lectronic
computing devices, heart-related data from one or more hearing instruments;

determining

o0

by the computing system, based on the heart-related data received
from the one or more hearing mstruments, a heart health measure for a user of the one
or motre hearing instruments, the heart health measure being an indication of one or
more aspects of a health of a heart of the user; and

outputting, by the computing system, an indication of the heart health measure to

the user of the hearing instruments.

2. The computer-implemented method of claim 1, wherein:

a particular hearing instnment in the set of hearing instruments is configured o
receive a request for the heari-related data and wirelessly transmit the beart-related data
in response to the request, wherein the request is nitiated by the user of the one or more
hearing nstniments,

the particular hearing nstrument uses electrical energy from a battery internal to
the particular hearing instrument to wirelessly transmit the heart-related data to the
computing system in response to the request,

determining the heart health measure comprises increasing, by the computing
system, a point total of the user by one or more points based on a number of times that
the user imitiated a request for the heart-related data during a scoring time period; and

the method further comprises:

determining, by the computing system, based on the heart-related data,
whether to generate a notification; and
based on a determination to generate the notification, sending, by the

computing device, the notification to one or more recipients.

3. The computer-implemented method of claim 2, wherem the one or more
recipients include at least one of

the user of the hearing instruments, or

a third party, wherein the third party 1s a party other than the user of the hearing

nstruments and other than a provider ot the computing system.
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4. The computer-implemented method of any of claims 1-3, wherein determining
the heart health measure comprises:

determining, by the computing system, a plurality of sub-components of the
heart health measure; and

determining

o0

by the computing system, the heart health measure based on the
plurality of sub-components of the heart health measure.
5. The computer-implemented method of claim 4, wherein determining the
plurality of sub-components comprises one or more of!

determining, by the computing system, a heart rate sub-component, or

determining, by the computing system, a heart rate recovery sub-component.

6. The computer-implemented method of any of claims 1-5, further comprising:

determining, by the computing system, based on the data received from the one
or more heaning instruments, a body measure for the user, the body measure being an
mdication of physical health of the user; and

outputting, by the computing system, an indication of the body measure.

7. The computer-implemented method of claim 6, wherein the heart health measure

is a sub-component of the body measure.

8. The computer-implemented method of claim 6, further comprising determining a
wellness measure based on the body measure and the heart health measure, the wellness

measure being an indication of an overall wellness of the user.

9. The computer-implemented method of any of claims 1-8, wherein:
the heart-related data from the one or more hearing mstraments 13 based on one
or more of:
a signal from a photoplethysmography (PPG) sensor of the one or more
hearimg mstruments,
a signal from an inertial measurement unit (IMU) of the one or more

hearing nstruments, or



WO 2020/176533 PCT/US2020/019739

one or more signals from electrocardiogram (ECG) clectrodes of the one

or morg hearing instruments.

10. A compuiing system comprising:
a communication unit configured to receive data from one or more hearing
mnstruments; and
one or more processors contigured to:
receive heart-related data from one or more hearing instruments;
determine, based on the heart-related data received from the one or more
hearing instruments, a heart health measure for a aser of the one or more hearing
instruments, the heart health measure being an indication of one or more aspects
of a health of a heart of the user; and
output an indication of the heart health measure to the user of the hearing

nstruments.

il The computing system of claim 10, wheren:

a particular hearing instrument in the set of hearing instruments 1s configured to
receive a request for the heart-related data and wirclessly transmit the heart-related data
in response to the request, wherein the request is inttiated by the user of the one or more
hearing instruments,

the particular hearing mstrument uses electrical energy from a battery interal to
the particular hearing instrament to wirclessly transmit the heart-related data to the
computing system in response to the request,

the one or more processors are configured such that, as part of determining the
heart health measure, the one or more processors are configured to increase a pomnt total
of the user by one or more points based on a number of times that the user initiated a
request for the heart-related data during a scoring time period; and

the one or more processors are further configured to:

determine, based on the heart-related data, whether to generaie a
notification; and
based on a determination to generate the notification, send the

notification 1o one or more recipionts,
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12, The computing system of claim 11, wherein the one or more recipicunts include
at least one of;

the user of the hearing mstraments, or

athird party, wherein the third party is a party other than the user of the hearing

instruments and other than a provider of the computing systen.

13. The computing system of any of claims 10-12, wherein the one or more
processors are configured such that, as part of determining the heart health measure, the
ONE OF MOTS Processors:
determine a plurality of sub-components of the heart health measure; and
determineg the heart health measure based oun the plurality of sub-components of

the heart health measure.

14.  The computing system of claim 13, wherein the one or more processors are
contigured such that, as part of determining the phurality of sub-components, the one or
OIS PrOCeSSOrS:

determine a heart rate sub-component, or

determine a heart rate recovery sub-component.

15. The computing svstem of any of claims 10-14, wherein the one or more
processors are further configured to

determine, based on the data received from the one or more hearing instruments,
a body measure tor the user, the body measure being an indication of physical health of
the user; and

output an mdication of the body measure.

16, The computer svstem of claim 13, wherein the heart health measure is a sub-

component of the body measure.

17, The computing system of claim 15, wherein the onc or more processors are
further configured to determine a wellness measure based on the body measure and the
heart health measure, the wellness measure being an mdication of an overall wellness of

the user.
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18, The computing system of any of claims 10-17, wherein:
the heart-related data from the one or more hearing instruments is based on one
or more of:
a signal from a photoplethysmography (PPG) sensor of the one or more
hearing instruments,
a signal from an inertial measurement unit JMU) of the one or more
hearing instruments, or
one or more signals from electrocardiogram (ECG) clectrodes of the one or more

hearing mstruments,

19. A compuier-implemented method comprising:

receiving, by a computing svsicm comprising ong or more electronic computing
devices, stress-related data from one or more hearing instruments;

determining, by the computing system, based on the stress-related data, an
emational stress measure of a user of the one or more hearing instruments, the
cmotional stress measure being an indication of one or more aspects of a level of
emotional stress of the vser; and

outputting, by the computing system, an indication of the emotional stress

measure 1o the user of the hearing instruments.

24 The computer-implemented method of claim 19, wherein:

a particular hearing instnment in the set of hearing instruuments is configured to
reccive a request for the stress-related data and wirelessly transmit the stress-related
data m response to the request, wherein the request is mitiated by the user of the one or
more hearing instraments,

the particular bearing instrument uses electrical cnergy from a battery internal to
the particular hearing nstrument to wirelessly transmut the stress-related data to the
computing system in response to the request,

determining the emotional stress measure comprises increasing, by the
computing system, a point total of the user by one or more points based on a number of
fimes that the user imitiated a reqguest for the stress-related data during a scoring time
period;

the method further comprises:
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determining, by the computing svstem, based on the stress-related data,
whether to perform an intervention action; and
based on a determination to perform the intervention action, performing,

by the computing device, the intervention action.

21 The computer-implemented method of claim 20, wherein performing the
intervention action compnses sending a notification to a third party, wherein the third
party is a party other than the user of the hearing mstruments and other than a provider

of the computing system.

22. The computer-implemented method of any of claims 26-21, wherein performing
the intervention action comprises one or more of!

mstracting the one or more hearing instruments to cutput a metronomic rhythm
and an audio message cnoouraging the user of the hearing instruments io svnchronize
their breathing to the metronomic thvthoy, or

sendmg a message to the user of the hearing instruments suggesting stress

management technigues.

23 The computer-implemented method of any of claims 20-22, wherein
determining the emotional stress measure comprises:

determining

o0

by the computing system, based on the stress-related data, whether
the user of the hearing imstruments has achieved ong or more stress management goals
for the user of the hearing mnstruments; and

mereasing, by the computing system, the point total of the user by one or more
points based on the user of the hearing instruments achieving the one or more stress

management goals.

24. The computer-implemented method of any of claims 19-23, wherein the streas-
related data comprises ong or more of;

data regarding meditation practices of the user of the hearing jnstruments,

data regarding physical activity levels of the user of the hearing mstruments, or

data regarding a respiration rate of the user of the hearing mstruments.

"]
le

A computing system comprising;
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a communication unit configured to reccive stress-related data from one or more
hearing mstruments; and

one or more processors configured to:

determine, based on the stress-related data, an emotional stress measure
of a user of the one or more hearing mstruments, the emotional stress measure
bemmg an indication of one or more aspects of a level of emotional stress of the
user; and

output an indication of the emotional stress measure o the user of the

hearing mstruments.

26. The computing system of claim 25, wherein:

a particular hearing instrument in the sct of hearing instruments 1s configured to
receive a request for the stress-related data and wirelessly transmit the stress-related
data in response to the request, wherein the request is utiated by the user of the one or
more hearng instruments,

the particular hearing instrument uses elecirical energy from a battery internal to
the particular hearing instrument to wirelessly tranamit the stress-related data to the
computing system in response 1o the request,

the one or more processors are configured such that, as part of determining the
emotional stress measure, the one or more processors increase a point total of the user
by one or more points based on a number of times that the vser mitiated a request for the
stress-related data dunng a scoring time pertod;

the one or more processors are further configured to:

determing, based on the stress-related data, whether to perform an
mtervention action; and
based on a determination to perform the mtervention action, perform the

mtervention action.

27. The computing system of claim 26, wherein performing the intervention action
comprises sending a notification to a third party, wherein the third party is a party other
than the user of the hearing mstruments and other than a provider of the computing

system.
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28. The computing system of any of claims 26-27, wherein the one or more
processors are contigured such that, as part of performing the intervention action, the
one or more processors at least one or more of’

mstruct the one or more hearing instruments to cutput a metronomic rhythm and
an audio message encouraging the user of the hearing instruments to synchronize their
breathing to the metronomic rhythm, or

send a message to the user of the hearing instruments suggesting stross

management technigues.

29. The computing system of any of claims 25-28, wherein the one or more
processors are configured such that, as part of determiming the emotional strgss measure,
the one or more processors:

determine, based on the stress-related data, whether the user of the hearing
instouments has achieved one or more stress management goals for the vser of the
hearing mstruments; and

merease the point total ot the user by one or more points based on the user of the

hearing instniments achieving the one or more stress management goals.

30, The computer-implemented method of any of claims 25-29, wherein the stress-
related data comprises one or more of!

data regarding meditation practices of the user of the heanng instruments,

data regarding physical activity levels of the user of the hearing mstniments, or

data regarding a respiration rate of the user of the hearing mstraments.

3. A computer-implemented method comprising:

obtaining, by a computing system, physiological data based on signals generated
by a first set of one or more sensors of a hearing instrument, wherein the physiclogical
data includes heart-related data;

modifying, by the computing system, a sensitivity level of a fall detection
algorithm based on the physiological data; and

performing, by the computing svstem, the tall detection algornthm to determine,
based on signals from a second set of one or more sensors of the hearing instrument,

whether a user of the hearing mstrument has fallen.
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32 The computer-implemented method of claim 31, wherein the computing system
i3 included in the heanng instrument.
33, The computer-implemented method of anv of claims 31-32, wherein the heart-

related data comprises one or more of:
data mdicating a blood pressure of the user of the hearing nstniment.
data indicating a heart rate of the user of the hearing instrument,
electrocardiogram (ECG) data for the user of the hearing instrument, or
data regarding a potential cardiac arrvthmia of the user of the hearing
nstrument.
34 The computer-implemented method of any of claims 31-33, wherein the
physiological data comprises one or more:
clectroencephalogram (HEG) data generated by one or more electrodes included
in the hearing instrument,
data mdicatimg a respiration rate of the user of the hearing instrument, or

data indicating a level of physical activity of the user of the hearing instrument.

35 The computer-implemented method of any of claims 31-34, wherein performing
the fall detecting algorithm comprnises:

gencrating, by the computing system, a confidence value that indicates a level of
confidence that the user of the hearing instrument has fallen; and

determuming, by the computing system, that the user has fallen based on the

confidence value being greater than the sensitivity level.

36. The computer-implemented method of any of claims 31-35, further comprising

modifving the sensitivity level in response 1o receiving an indication of user input.

37. A computing systom comprising one or more processors configured to:
obtain physiological data based on signals generated by a first set of one
or morg sensors of a heanng mstrument, wherein the physiological data includes
heart-related data
modifyv a sensitivity level of a fall detection algorithm based on the

physiological data; and
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perform the fall detection algorithm to determine, based on signals from
a second set of one or more sensors of the hearing instrument, whether a user of

the hearing instrument has fallen.

38, The computing system of claim 37, wherein the computing svstem 1is included in

the hearing instniment.

39, The computing system of any of claims 37-38, wherecin the heart-related data
comprises one or more of’
data indicating a blood pressure of the user of the hearing nstrument.
data indicating a heart rate of the user of the hearing mstrument,
clectrocardiogram (ECG) data for the user of the hearing mstrument, or
data regarding a potential cardiac arrythmia of the user of the hearing

instrument.

40.  The computing system of any of clatms 37-39, wherein the physiological data
COMPIISes ONe Or Morg:

electroencephalogram (EEG) data generated by one or more electrodes included
in the hearing instrument,

data mdicating a respiration rate of the user of the hearing instrument, or

data indicating a level of physical activity of the user of the heanng instrument.

41. The computing system of any of claims 37-40, wherein the one or more
processors are configured such that, as part of performing the fall detecting algorithm,
the one or More Processors:

generate a confidence value that indicates a level of confidence that the user of
the hearing instrument has fallen; and

determine that the user has fallen based on the confidence value being greater

than the seansitivity level.

42. The computing system of any of claims 37-4 1, wherein the one or more
processors are further configured to modify the sensitivity level in response to receiving

an indication of user input.
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43. A computer-tmplemented method comprising:

determuming, by a computing system, whether a user of a hearing instrument has
fallen;

based on a determination that the user has fallen, activating, by the computing
gystem, one or more sensors of the hearing instrument that generate heart-related data
regarding the user;

determining, by the computing system, based on the heart-related data, whether
to promyt the user to confirm that the user has fallen; and

based on a determmation o prompt the user to confirm that the user has fallen,
causing, by the computing svstem, the hearing instrument {0 generate a message

prompting the user to confirm that the user has fallen.

44. The computer-implemented method of claim 43, wherein:
the one or more seusors include a photoplethysmaography (PPG) sensor, and
determining whether to prompt the user comprises:
determiming, by the computing svstem, based on heart-related data
generated by the PPG sensor, a heart rate of the user; and
determining, by the computing system, based on the heart rate of the user
being above a first threshold or below a second threshold, whether to prompt the

user the confirm that the user has fallen.

45. The computer-implemented method of any of claims 43-44, wherein:
the one or more sensors include a photoplethysmography (PPG) sensor, and
determining whether to prompt the user comprises:
determining, by the computing system, based on heart-related data
generated by the PPG sensor, a level of blood perfusion of the user; and
determuining, by the computing system, based on the level of blood
perfusion of the user, whether to prompt the user the confinm that the user has

fallen.

46. A computing system comprising:
a hearing instrument; and
one or maore processors configured to:

determine whether a user of the hearing instrument has falien;
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based on a determuination that the user has fallen, activate one or more
sensors of the hearing instrument that generate heart-related data regarding the
user;

determing, based on the heart-related data, whether to prompt the user to
confirm that the user has fallen; and

based on a determination to prompt the user to confirm that the user has
fallen, cause the hearing instrument to generate a message prompting the user to

confirm that the user has fallen.

47. The computing system of claim 46, wherein:
the one or morg sensors include a photoplethysmography (PPG) sensor, and
the one or more processors are configured such that, as part of determining
whether to prompt the user, the one or more processors:
determine, based on heart-related data generated by the PPG sensor, a
heart rate of the user; and
determing, based on the heart rate of the user being above a first
threshold or below a second threshold, whether to prompt the user the confirm

that the user has fallen.

48. The computing svstem of any of claims 46-47, wherein:
the one or more sensors include a photoplethysmography (PPG) sensor, and
the one or more processors are configured such that. as pait of determining
whether to prompt the user, the one or more processors:
determine, based on heart-related data gencrated by the PPG sensor, a
level of blood perfusion of the user; and
determine, based on the level of blood perfusion of the user, whether to

prompt the user the confirm that the user has fallen.

49. A computing system compiising means for performing the methods of any of

claims 1-9, 19-24, 31-36, and 43-45.

50. A computer-readable storage medium having imstructions stored thereon that,
when exccuted, cause a computing system to perform the methods of any of claims 1-9,

19-24, 31-36, and 43-45.
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hearing instrument has fallen;

based on a determination that the user has fallen,
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the hearing instrument that generate heart-related data
regarding the user;
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heart-related data, whether to prompt the user to confirm
that the user has fallen; and
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the user has fallen, causing, by the computing system, the
hearing instrument to generate a message prompting the user
to confirm that the user has fallen.
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