
Preliminary Examination of the Accuracy of a Fall
Detection Device Embedded into Hearing Instruments
Justin R. Burwinkel1 Buye Xu1 Jeff Crukley1

1Starkey Hearing Technologies, Eden Prairie, MN

J Am Acad Audiol 2020;31:393–403.

Address for correspondence Justin R. Burwinkel, Starkey Hearing
Technologies, Eden Prairie, MN 55344
(e-mail: justin_burwinkel@starkey.com).

Introduction

Accidental falls are a significant health risk to older adults,
frequently leading to activity limitations and loss of indepen-
dence. About 40%ofadults aged�65yearswill fall at leastonce
each year (Rubenstein32). Fall risk increases with age, and

decliningmuscle functionnegatively affects one’s ability to get
up from a fall (Berg and Cassells5; Bergen6; Kim et al19).

Long lies, where a fall goes undetected and the individual
is unable to get up on their own, can result in secondary
complications, for example, dehydration, rhabdomyolysis,
pressure sores, pneumonia, hypothermia, increased fear of
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Abstract Background Accidental falls are a significant health risk to older adults and patients
seen in audiology clinics. Personal emergency response systems are effective in
preventing long lies (defined as remaining on the floor or ground for greater than
one hour after a fall), but some individuals would prefer to wear less-conspicuous
devices than a traditional neck-worn pendant. No previous investigation has compared
the accuracy of head-worn fall detection devices with those worn on other parts of the
body. In this study, we compared the accuracy of one commonly used fall detection
pendant with two variants of a new hearing instrument-based fall detection system.
Purpose The purpose of the study was to evaluate the accuracy of detecting falls by
using inertial sensors embedded in hearing instruments.
Research Design A study with repeated measures for one group.
Study Sample Ten young adults served as participants. All participants had normal or
corrected-to-normal vision during testing. Individuals were excluded if they had self-
reported cardiac disorders, recent concussions, or musculoskeletal conditions.
Data Collection and Analysis Data were collected from inertial measurement unit (IMU)
sensors, embedded into a binaural set of hearing instruments, during laboratory-based
simulationsof falls, near-falls, andactivities ofdaily living (ADLs). Thedetection stateof a fall
detection pendant was simultaneously recorded during performance of each trial and
compared with the outputs of offline hearing instrument firmware emulators.
Results One hearing instrument-based fall detection system was more accurate than
the fall detection pendant. A second hearing instrument-based fall detection system
performed similar to the fall detection pendant. Each of the three fall detection
systems investigated were robust against false-positive detections during ADLs.
Conclusions Preliminary findings demonstrate that hearing instruments embedded
with a fall detection device (FDD) may be a suitable alternative to more traditional
forms of FDDs (e.g., pendant, wrist-worn device, etc.) for detecting falls and potentially
preventing long lies.
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falling, and death (Tinetti et al35; Fleming et al14). Lying on
the floor, longer than an hour, has been associated with
hospital admissions and subsequent moves into long-term
care (Fleming et al14).

When initiated after a fall, personal emergency response
systems (PERSs) are effective in preventing long lies. By
contrast, long lies have been reported when individuals did
not have a call alarm, had call alarms but were not wearing
them, chose not to activate an alarm, or experienced difficulty
activating the alarm (Fleming et al14). Personal injury, confu-
sion, sensory impairments, and limitations with manual dex-
terity can also inhibit successful activations of the PERS.

To address these problems, the PERS can include a fall
detection device (FDD) to automatically initiate an alert on
behalf of the user. Avariety of FDDs, including the one using a
hearing aid with an embedded inertial sensor, have been
previously used in research (Lindemann et al22; Bourke
et al7). Common wearable FDDs include neck-worn pend-
ants, smartphone apps, and wrist-worn devices (Aguiar
et al2; Lipsitz et al23; Chaudhuri et al8). Others have used
environmental sensors such as cameras or microphones to
detect falls in fixed locations, for example, in the laboratory,
within nursing facilities (Rougier et al31; Li et al20).

In real-world applications, PERS devices have been asso-
ciated with age-based stereotypes, and environmental sen-
sors have evoked privacy concerns (Demiris et al13).
Individuals have acknowledged various psychosocial bar-
riers to the PERS use, particularly before experiencing an
injurious fall. Despite the report that only 9.7% of caregivers
presently use monitoring technologies, many older adults
are receptive to the concept of the PERS (Project Catalyst and
HITLAB26; Tinetti and Kumar34).

Individuals who might benefit from treatment in hearing
clinics are at a greater risk of falling than their age-matched
peers (Criter and Honaker12). Lin and Ferrucci21 reported a
significant association between the severity of hearing im-
pairment and reports of falls, even when adjusting for demo-
graphic, cardiovascular, and vestibular balance function.
Numerous behavioral, physiological, and pathological mech-
anisms could underlie the reported associations between
hearing impairment and falls, including comorbid vestibular,
neural, or cardiovascular pathology; genetic influences; de-
creased awareness of the auditory environment; divided
attentional resources for locomotion and maintenance of
postural balance; and frailtywhich could bemediated through
social isolation, depression, physical inactivity, and cognitive
impairment (see Agmon et al1 for a review).

One possible solution to increase fall-detection-monitor-
ing technology adoption may be to integrate FDDs into
functional hearing instruments, which are less-conspicuous
than other forms of FDDs, are commonly already being worn
by individuals who are at risk for falling, and have become
progressively less-stigmatized, wearable devices (Rauterkus
and Palmer28; Chaudhuri et al8).

Falls are a leading cause of head injury, accounting for
more than 80% of traumatic brain injury (TBI) among older
adults (Ingebrigtsen et al17; Harvey and Close15). Reports of
mild cognitive impairment or dementia were also signifi-

cantly associated with fall-related TBI (Teo et al33). Head-
worn FDDs could be particularly adept at initiating an
automated alert when a fall involves head impact, which
would inherently increase the likelihood that a TBI, loss of
consciousness, or confusion might preclude the fall victim
from manually activating an alert system.

Furthermore, head-worn FDDs benefit fromhuman biome-
chanics, which stabilize and protect the head during activities
of daily living (ADLs) and falls. Because of their location and
coupling to the ear, hearing instruments are naturally less
susceptibleto spuriousmovements thanFDDswornonthearm
or hung around the neck (Cola et al11). The head-impact
velocity is also a key metric for gauging severity of falls (Choi
et al9). With the greatest falling distance and fewer motion
artifacts to resolve, head-wornFDDscouldpotentially be tuned
to capture a greater number of falls, with few false alarms.

The Livio AI (A) hearing instrument’s fall detection algo-
rithm was designed to be highly sensitive, even detecting
falls, in training data, that could be characterized by slow
vertical acceleration or low-impact magnitude. The Livio AI
(B) hearing instrument’s fall detection algorithm was
designed to produce fewer false-positive detections by re-
quiring more rapid vertical acceleration, a greater estimated
falling distance, and more significant impact magnitudes.

Performance (i.e., accuracy, sensitivity, and specificity) of
FDDs is an important consideration for potential users
(Demiris et al13; Igual et al16). In our study, continuous
inertial measurement unit (IMU) sensor data were recorded
from hearing instruments, during trials of simulated falls,
near-falls, and ADLs. The ear-level IMU recordings were then
processed through firmware emulators, thereby permitting
direct performance comparisons between two different
hearing instrument-based fall detection systems.

Participants also wore a commonly used fall detection
pendant as a predicate device for comparison. Previous
studies have observed performance differences between
FDDs evaluated inside versus outside of the laboratory
(Bagala et al4; Kangas et al18). We selected the AutoAlert
help button pendant as a performance reference, based on
the device’s existing classification by the US Food and Drug
administration (FDA) and a large number of real-world users.

Methods

Data were collected at the Injury Prevention and Mobility
Laboratory at Simon Fraser University. All participants pro-
vided written informed consent, and the study protocol was
approved by the Research Ethics Board of Simon Fraser
University.

The experimental design was informed by previously
reported, laboratory-based falling experiments, where par-
ticipants mimicked falling behaviors observable in videos of
older adults who sustained real-life falls (Robinovitch et al30;
Aziz et al3). Participants wore a commercially available, fall
detection pendant and bilateral hearing instruments. The
hearing instruments each contained an IMU sensor and had
wireless streaming capability to send continuous IMUdata to
an accessory device (not worn by the participant) for storage.
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Participants simulated a variety of falls, near-falls, and
ADLs. Three trials were acquired for each of eight types of
falls, eight types of near-falls, and eight different types of
ADLs. Therewere 24 conditions in total, which yielded a total
of 72 trials for each participant. IMUdatawere collected from
the hearing instruments along with the corresponding de-
tection state of the fall detection pendant, as indicated by the
light and alarm of the base-station unit associated with the
fall detection pendant. All trials were video recorded.

Participants
Participants were recruited using flyers and email notifica-
tions to students at Simon Fraser University. A total of 10
healthy young adults (5 women) aged between 20 and
32 years participated in the study. Participants’ ages, body
weights, and heights averaged 23.8 years (standard deviation
[SD]¼ 4.0), 70.1 kg (SD¼ 19.8), and 172.0 cm (SD¼ 10.2),
respectively, as summarized in ►Table 1. Participants with
a range of body types were recruited, as height and weight
differences can affect the duration of vertical acceleration
and the magnitudes of impact(s) when the individuals suffer
falls. Individuals were excluded if they had recent self-
reported concussions (within the last two years), cardiac
disorders, bone fractures or joint sprains (within the previ-
ous six months), or any musculoskeletal conditions causing
joint or soft tissue pain. All participants had normal (n¼ 4) or
corrected-to-normal (n¼ 6) vision during testing.

Equipment
Participants wore an AutoAlert help button fall detection
pendant (Model FD100; Philips Lifeline, Framingham, MA)
and a binaural set of Livio AI behind-the-ear (BTE) hearing
instruments (StarkeyHearing Technologies, EdenPrairie,MN).

The operation manual for the AutoAlert pendant states
that it is a FDA Class II medical device intended for continu-
ous operation as a PERS (Philips Lifeline25). The present
authors assumed the performance of the test device was
within the specification tolerances submitted to the FDA by
the manufacturer.

The Livio AI BTE hearing instruments were manufactured
with an IMUsensor integrated into each of the devices’flexible
circuits. The hearing instruments were coupled to the partic-
ipants’ ears using preformed, thin tubes and open-fit earbuds;
sound amplification, however, was not provided to the partic-
ipants. The hearing instruments also contained a Bluetooth®
low-energy radiowith the capability of streaming continuous
IMU data to an accessory device for storage. The IMU’s acceler-
ometer and gyroscope signals were each sampled at 104Hz.

The IMU datawere postprocessed through a firmware emula-
tion module that modeled two variants (i.e., A and B) of the
Livio AI firmware. Outside of simulation, the accessory device
is reliedon to sendalert notifications to other individuals, such
as caregivers, when a fall is detected.

Fall and near-fall trials were simulated on padded surfa-
ces, and participants wore a helmet for personal safety. The
helmet did not cover participants’ ears nor was the helmet
permitted to contact the hearing instruments. Three helmet
sizeswere available, and the researchers ensured a snug fit to
minimize any potential acceleration artifacts caused by
protective equipment. For various trials, participants’ gait
was perturbed by either a moveable platform, an ankle
tether, or by a nudge from a padded glove.

All trials were video recorded. Within the field-of-view of
the camera, thevideos include theparticipant undertaking the
protocol, a clock showing time and date, and the PERS base
unit, providing record of when falls were detected by the
AutoAlert pendant. In accordance with instructions from the
device’s manufacturer, participants were not permitted to get
up from a fall until enough time to register a detection had
elapsed.Walking within 30 sec after a fall event could errantly
cancel notification of a detected fall (Philips Lifeline25).

Motion Simulations
Each participant experienced eight types of falls, eight types
of near-falls, and performed eight different types of ADLs.
Participants observed exemplary videos of real-life falls,
which were used similarly in the previously reported inves-
tigation (Robinovitch et al30; Aziz et al3). During each trial,
IMU data were simultaneously collected from the two hear-
ing instruments. In addition, the detection state ofthe fall
detection pendant was recorded for each trial. Participants
systematically performed three trials for each condition,
resulting in at least 72 trials per participant. Some partic-
ipants inadvertently fell during near-fall trials; therefore, 15
more falls were collected thanwere prescribed by the study’s
protocol. To maintain an equal distribution of trials between
participants and fall conditions, falls which occurred during
intended near-fall trials were excluded from our analyses.

Fall and Near-Fall Trials
Falls and near-falls were simulated in a laboratory environ-
ment where appropriate participant protections could be
provided. Some destabilizations were initiated autonomously
by the participant, and others were initiated through various
perturbations, as summarized in ►Table 2. Participants were
shown exemplary videos and given the opportunity to practice

Table 1 Mean� SD (and Range) in Participant Demographics

Male (n¼ 5) Female (n¼ 5) Combined (n¼ 10)

Age (years) 24.0� 4.7 (20-32) 23.6� 3.7 (21-30) 23.8� 4.0 (20-32)

Weight (kg) 83.2 (67-103) 57.0 (45-78) 70.1� 19.8 (45-103)

Height (cm) 179.2� 7.5 (174-192) 164.7� 6.8 (154-192) 172.0� 10.2 (154-192)

Handedness (R/L) 4R, 1L 4R, 1L 8R, 2L

Note: All demographic data were self-reported by participants. Handedness was based on the dominant hand while writing.
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mimicry of the videos. Researchers provided feedback to the
participants to improve the quality of simulations. If a desta-
bilization caused any limb segment other than the partici-
pant’s feet to contact the platform, the trial was considered a
“fall.’’

Fall conditions were intended to result in a fall and were
representative of the breadth of causes of older adult falls,
including slips forward and backward, trips, bumps, and
incorrect weight transfers while rising from sitting, while
descending from standing, anddue tomissteps. Our selection
of falls and near-falls tasks was informed by video analysis of
actual falls that had occurred among older adults living in
two, long-term care facilities located in Canada (Robinovitch
et al30; Choi et al10). The protocol and participant instruc-
tions for each fall and near-fall condition are provided in
►Appendix A. After landing, participants were instructed to
remain lying on the platform for 35 sec; however, the
participants were permitted to roll into a more
comfortable resting position. All fall trials resulted in a fall.

The near-fall conditions were like fall conditions, except
participants were instructed to attempt making a balance
recovery instead of falling to the ground. Because near-fall
trials were not intended to result in participants lying on the
ground, there was no instruction to the participants to
remain in place after recovering balance. Near-fall trials
were repeated if the participant did not appear to have
been destabilized enough to evoke a natural balance recov-
ery reaction, such as rapid stepping. If the participant was
unable to recover balance during a near-fall trial, the trialwas
repeated.

ADL Trials
Participants completed three trials for each of the eight ADL
conditions, resulting in a total of 24 ADL trials. ADL con-
ditions included normal walking, standing quietly, sitting
down into a chair, lying down onto the ground, rising from
sitting, picking an object up from the ground, and stair
climbing. The protocol and participant instructions for

each ADL condition is provided in ►Appendix B.
Participants were instructed to undertake the ADLs at a
‘‘normal’’ (i.e., self-selected) pace and were only instructed
to remain in place after three specific ADL conditions, as
summarized in ►Table 3. Trials were repeated if the
participant deviated from instructions.

Hearing Instrument Firmware Emulations
Each of the hearing instruments had an algorithm that
continuously monitored three-axis accelerometer signals
from the embedded IMU. Monitoring these signals for a
fall included classifying prefall motion activity, detecting
the onset of a falling phase, detecting impacts, and evaluating
postimpact activity. To do so, the hearing instrument’s fall
detection algorithm calculated various feature values from
the motion data, such as vertical acceleration, estimated
velocity, acceleration duration, estimated falling distance,
posture changes, and impact magnitudes.

The hearing instrument-based fall detection system was
designed to have a wireless, ear-to-ear link to exchange fall
detection data between the two hearing instruments. Fall
detection data from each hearing instrument were sent from
one instrument to the other to compare the data and to
provide redundancy for passing the combined data to an
accessory device (i.e., smartphone).

Once detection data from at least one hearing instrument
had been received by the accessory device, the accessory
device performed a second-order analysis of the detection
data. Consideration of binaural, fall detection data allowed
the hearing instrument-based fall detection system to reject
errant detections that might otherwise occur during certain
types of nonfall activities, such as when one of the hearing
instruments is being removed from the ear of the user. As
emulated, the accessory device did not have access to any
data which, theoretically, could have been obtained through
sensors embedded directly into the accessory device.

Our methodology controlled for the variability between
motion simulation trials and allowed for equitable compar-
isons of the two distinct hearing instrument-based fall
detection systems (i.e., A and B). The same IMU data,

Table 2 Summary of the Destabilization Techniques Used for
each of the Fall and Near-Fall Trials Performed by Participants

Condition Cause of Destabilization

Slip forward Moving platform

Slip backward Moving platform

Trip Ankle tether
while walking

Incorrect weight transfers
due to a misstep

Self-initiated

Incorrect weight transfer while
rising from sitting

Self-initiated

Incorrect weight transfer while
descending from standing

Self-initiated

Hit or bumped Perturbed by a
padded object

Loss of consciousness/collapse Self-initiated

Table 3 Summary of the Prescribed Wait Periods for Each of
the ADL Trials Performed by Participants

Condition Wait Period (sec)

Normal walking —

Standing quietly —

Descending from standing to
sitting on a chair

35

Descending from standing to
lying on the ground

35

Rising from sitting to standing —

Picking an object up from
the ground

—

Ascending stairs —

Descending stairs 35
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recorded from the right-and left-side hearing instruments
during the motion simulations, were processed through
firmware emulation programs for each of the two hearing
instrument-based fall detection systems. Firmware emula-
tion programs were developed in MATLAB24 and precisely
emulated the Livio AI fall detection systems, including a
bilateral set of Starkey Livio AI i2400 BTE 13 hearing instru-
ments ‘‘connected’’ to their companion, smartphone app, as
depicted in ►Figure 1. The detection state output, from the
firmware emulation programs, was recorded for each of the
fall, near-fall, and ADL trials.

Performance Analyses
Statistical analyses were performed in R statistical comput-
ing software (R Core Team27). Detection-state outputs were
analyzed to characterize the performance of the AutoAlert
pendant and each of the two Livio AI system variants.
Detection states were categorized as either ‘‘true positive,’’
‘‘true negative,’’ ‘‘false positive (FP),’’ or ‘‘false negative.’’
Sensitivity, specificity, and overall accuracy for each of the
three systems being investigated were computed using the
AUC function of the Psych package for R (Revelle29).

Performance measures were calculated using the follow-
ing formulae:

Results

Performance measures of each of the fall detection systems
are summarized in►Table 4. During the participants’motion
simulations, the AutoAlert pendant detected the event of a
fall during 198 of the 240 fall trials, yielding a true-positive
(i.e., sensitivity) rate of 82.5%. AutoAlert did not produce any
FPs during the 240 ADL trials, but it did produce one FP
during the 240 near-fall trials, yielding a true-negative (i.e.,
specificity) rate of 99.8%. The overall accuracy of the AutoA-
lert pendant was 94.0% for the 720 motion simulations.

The Livio AI (A) hearing instrument-based fall detection
system detected the event of a fall during 221 of the 240 fall
trials, yielding a sensitivity rate of 92.1%. Livio AI (A) did not
produce any FPs during the 240 ADL trials, but the systemdid

Fig. 1 Diagram of the offline evaluation of the hearing instrument-based fall detection system using firmware emulation.

Table 4 Sensitivity and Specificity Rates of the AutoAlert Pendant and Each Variant of the Livio AI Hearing Instrument-based Fall
Detection System, across All Participants and Trials

No. of Trials AutoAlert Pendant Livio AI (A) Livio AI (B)

True-positive falls (sensitivity rate) 240 198 (82.5%) 221 (92.1%) 192 (80.0%)

False-positive falls (specificity rate) 480 1 (99.8%) 6 (98.8%) 1 (99.8%)

ADLs 240 0 (0.0%) 0 (0.0%) 0 (0.0%)

Near-falls 240 1 (99.6%) 6 (97.5%) 1 (99.6%)

Accuracy: falls and ADLs 480 438 (91.3%) 461 (96.0%) 432 (90.0%)

Accuracy: falls, near-falls, and ADLs 720 677 (94.0%) 695 (96.5%) 671 (93.2%)

Note: A total of 240 trials took place for each of falls, near-falls, and ADLs.
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produce six FPs during the 240 near-fall trials, yielding a
specificity rate of 98.8%. The overall accuracy of the Livio AI
(A) hearing instrument-based fall detection system was
96.5% for the 720 motion simulations.

We compared accuracy, sensitivity, and specificity across
the three fall detection systemswithMcNemar’s test for paired
nominal data. Livio AI (A) was more accurate than AutoAlert
[χ2(1)¼ 9.13, p¼ 0.002] and Livio AI (B) [χ2(1)¼ 27.03,
p< 0.001]; the difference in accuracy between Livio AI (B)
and AutoAlert was not significant [χ2(1)¼ 0.36, p¼ 0.550].

Livio AI (A) was significantly more sensitive than AutoA-
lert [χ2(1)¼ 9.98, p¼ 0.002] and Livio AI (B)[χ2(1)¼ 29.00,
p< 0.001]; the difference in sensitivity between Livio AI
(B) and AutoAlert was not significant [χ2(1)¼ 0.51, p¼ 0.47].

Livio AI (B)was significantlymore specific than Livio AI (A)
[χ2(1)¼ 4.00, p¼ 0.045]. However, specificity differences
were not statistically significant between Livio AI (A) and
AutoAlert [χ2(1)¼ 3.57, p¼ 0.059] or between Livio AI (B) and
AutoAlert [χ2(1)¼ 1.00, p¼ 0.317].

►Table 5 provides a summary of each system’s sensitivity
rate, calculated for each of the various fall conditions.

Discussion

The goal of this experiment was to evaluate the accuracy of
several variants of a hearing instrument-based fall detection
system. We hypothesized that hearing instruments could
perform automatic fall detection more accurately than devi-
ces worn on other parts of the body. On average, the
sensitivity of the Livio AI (A) hearing instrument-based fall
detection systemwas 9.6 percentage-points higher than that
of the fall detection pendant, and neither devices produced a
false-positive detection during ADL trials.

The authors acknowledge several limitations of the present
study, including the decision to use young healthy adult
participants who had no known hearing loss, history of falls,
or balance impairment. Inaddition, thepresent studyassumed
perfect wireless connectivity between devices during our
firmware emulations (e.g., between the hearing instruments

and the accessory device). This study also did not investigate
real-world use patterns of the hearing instruments by older
adults, who may fail to wear the devices during some risky
behaviors, such as nocturnal walking or while bathing.

As our decision to systematically simulate falls and daily
activities was well intentioned, it may explain the
high degree of accuracy observed for the three fall detection
systems. Although our simulations were modeled from
videos of falls occurring in nursing facilities, our simulations
did not include all imaginable types of falls. For example, we
did not simulate falls down stairways or from chairs, ladders,
and bicycles. Future work could explore the performance of
FDDs, ecologically, with adults who have an elevated risk for
falling. Future work could also explore the behavioral effects
of adding fall detection capabilities to hearing instruments.

As previously discussed, fewcaregivers reported using the
commonly available monitoring technologies despite their
apparent benefits, when activated after a fall (Fleming
et al14; Project Catalyst and HITLAB26). Automatic FDDs
can help overcome someof the challenges thatmight prevent
a user from successfully activating a notification alert to
others. For some individuals, a hearing instrument-based fall
detection system may be more convenient or carry less
stigma than traditional PERS devices; this may alleviate
some of the psychosocial barriers to using FDDs and the
problem of not having an alerting system available when a
fall occurs (Chaudhuri et al8). Future work could also explore
fall detection hearing instrument adoption and the potential
that use thereofmight reduce the risk of long lies after falls.

Each of the FDDs compared in this study performed
perfectly during the ADL in the present study. The hearing
instrument-based fall detection systems each produced a
slightly higher false-positive rate than the fall detection
pendant, during trials where the participants began to fall
but recovered their balance before reaching the ground. One
of the two hearing instrument-based fall detection systems
was able to detect more ofthe falls than the fall detection
pendant and was an overall more accurate FDD than the fall
detection pendant. Individuals who consistently wear

Table 5 Breakdown of Sensitivity Rates of the AutoAlert Pendant and Each Variant of the Livio AI Hearing Instrument-based, Fall
Detection System during Each Fall Condition

Fall Type AutoAlert Pendant (%) Livio AI (A) (%) Livio AI (B) (%)

Backward slip 93.3 96.7 96.7

Forward Slip 53.3 90.0 86.7

Trip 66.7 100 93.3

Incorrect transfer due to misstep 73.3 93.3 70.0

Incorrect transfer during rising from sitting 93.3 93.3 80.0

Incorrect transfer during descending from standing 96.7 90.0 73.3

Hit or bump 86.7 86.7 63.3

Loss of consciousness or lower limb collapse 96.7 86.7 76.7

Mean� SD 82.5� 16.2 92.1� 4.7 80.0� 11.5

Range 53.3-96.7 86.7-100 63.3-96.7

Note: A total of 30 trials took place for each of the fall conditions.
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hearing instruments with embedded FDDsmay benefit from
preventing long lies because it has been shown that this type
of device is accurate in detecting falls and may be a suitable
alternative compared with more traditional forms of FDDs
(e.g., pendants, wrist-worn devices, etc.).
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BTE behind the ear
FDA US Food and Drug Administration
FDD fall detection device
FP false positive
IMU inertial measurement unit
PERS personal emergency response system
SD standard deviation
TBI traumatic brain injury
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Appendix A

Condition Instructions to Participants

Slips (forward and backward) -

Participants stood on a padded platform, which translated
forward or backward rapidly, inducing a backward and
forward fall, respectively.
The sequence of testing was randomized, with the excep-
tion of the first trial, which always consisted of a backward
slip.
Both forward slips and backward slips were collected (three
trials each).

“Try to maintain your balance when the platform moves.
However, should you fall, remain lying on the platform until
we tell you to get back up.”
In the event that the participant was able tomaintain balance,
we changed the instruction to “Avoid trying to recover
balance.”

Trips -

Participants walked forward from one end of the padded
platform toward the other end and were tripped during
their walk by a tether attached at the ankle. To the
participant, the tether suddenly became caught and then
released, invoking the trip. Participants had ankle cuffs on
both ankles so that the tripping leg was randomized
without their knowledge.

“Try to maintain your balance. However, should you fall,
remain lying on the platform until we tell you to get back up.”
In the event that the participant was able tomaintain balance,
we changed the instruction to “Avoid trying to recover
balance.”

Incorrect transfer due to a misstep -

Participants walked from one end of the platform toward
the other. The participants deliberately induced imbalance,
leading to a forward and sideways fall, by taking a step that
has too small of a step length (approximately one half the
length of previous steps).
This type of fall involved video mimicry to have the
participant simulate a typical fall of this type in older adults.
Before each trial, participants watched a video of a repre-
sentative real-life fall by an older adult.

“Act out the fall you see on the video, including the nature of
imbalance leading to falling, and the resulting movements of
the body during the fall. When you land on the platform,
please remain lying down until we tell you to get back up.”

Incorrect transfer while rising from sitting -

Participants attempted to rise from sitting on a chair, lost
balance while rising, and fell sideways.
This type of fall involved video mimicry to have the
participant simulate a typical fall of this type in older adults.
Before each trial, participants watched a video of a repre-
sentative real-life fall by an older adult.

“Act out the fall you see on the video, including the nature of
imbalance leading to falling, and the resulting movements of
the body during the fall. When you land on the platform,
please remain lying down until we tell you to get back up.”

Incorrect transfer while descending from standing -

Participants simulated the act of sitting down on a foam
chair from an initial standing position, andmissing the chair
and falling backward.
This type of fall involved video mimicry to have the
participant simulate a typical fall of this type in older adults.
Before each trial, participants watched a video of a repre-
sentative real-life fall by an older adult.

“Act out the fall you see on the video, including the nature of
imbalance leading to falling, and the resulting movements of
the body during the fall. When you land on the platform,
please remain lying down until we tell you to get back up.”

Hit or bump -

Participants stood on the platform while weight shifting
and were pushed by a padded glove held by one of the
investigators, leading to imbalance and a sideways fall.
This type of fall involved video mimicry to have the
participant simulate a typical fall of this type in older adults.
Before each trial, participants watched a video of a repre-
sentative real-life fall by an older adult.

“Act out the fall you see on the video, including the nature of
imbalance leading to falling, and the resulting movements of
the body during the fall. When you land on the platform,
please remain lying down until we tell you to get back up.”

Loss of consciousness/collapse -

Participant simulated a fall due to loss of consciousness
(fainting) from a standing position.
This type of fall involved video mimicry to have the
participant simulate a typical fall of this type in older adults.
Before each trial, participants watched a video of a repre-
sentative real-life fall by an older adult.

“Act out the fall you see on the video, including the nature of
imbalance leading to falling, and the resulting movements of
the body during the fall. When you land on the platform,
please remain lying down until we tell you to get back up.”

(Continued)
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Appendix A (Continued)

Condition Instructions to Participants

Slips (forward and backward) -

Participants stood on a padded platform, which translated
forward or backward rapidly, inducing a backward and
forward fall, respectively.
The sequence of testing was randomized, with the exception
of the first trial, which always consisted of a backward slip.
Both forward slips and backward slips were collected (three
trials each).

“Try to maintain your balance when the platform moves.
However, should you fall, remain lying on the platform until
we tell you to get back up.”
In the event that the participant was able tomaintain balance,
we changed the instruction to “Avoid trying to recover
balance.”

Appendix B

Condition Instructions to Participants

Normal Walking -

Participants walked around the basement of Simon Fraser
University's Science Building. They started at the laboratory
and walked through an 8-shaped course. The course was set
up to allow for reasonable bouts of gait in a straight line, as
well as left- and right-hand turns.
A researcher accompanied and directed participants while
walking. The researcher walked slightly behind participants to
avoid affecting the participant's walking pace.

“Please walk along the course, as directed by the researcher
with you. Walk at a regular and comfortable pace for you.”

Standing quietly -

Participants stood erect, with their arms at their sides, for 20-
sec trials inside the laboratory.

“Please stand quietly with your arms at your sides, for about
20 sec. A researcher will tell you when you can relax.”

Descending from standing to sitting on a chair-

Participants walked two to three steps toward a chair then sat
down and remained in place for 35 sec.

“Please sit down on the chair, at a regular and comfortable
pace for you. Please remain seated until we tell you that you
can get back up.”
No instructions were given with respect to how participants
use their upper limbs or aspects of the chair during descent.

Descending from standing to lying on the ground -

Participants stood erect on the motion platform, and then
descended into lying on the platform. They remained in place
for 35 sec.

“Please lie down on the platform, at a regular and comfortable
pace for you. Try to avoid jumping or falling as you lie down.
Please remain lying down until we tell you that you can get
back up.”
No further instructions were given with respect to the
individual descent strategy.

Rising from sitting to standing -

Participants sat on a chair, and then rose to standing height. “Please stand up from the chair, at a regular and comfortable
pace for you.”
No further instructions were given with respect to the ascent
strategy.

Picking an object from the ground -

Participants stood erect with their arms at their sides, and a
pen was placed on the floor a few feet away Participants took
two to three steps, picked up the pen from the ground, and
placed it on a nearby table. The table served as an implicit cue
for the participants to return to the standing height. This task
took place inside the laboratory.

“Please pick up the pen that is currently in front of you, and
place it on the table beside you. Do this at a regular and
comfortable pace. Feel free to step or turn around if you
would like.”
No further instructions were given with respect to the
descent, ascent, reaching, grasping, or prehension strategy

Ascending stairs -

Participants walked up the stairs adjacent to the laboratory at
Simon Fraser University.

“Please walk up the stairs to themain floor of the building, at a
regular and comfortable pace for you. Take the steps one at a
time, and try not to run.”
No further instructions were given with respect to the ascent
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Appendix B (Continued)

Condition Instructions to Participants

strategy, including handrail use. Trials were repeated if par-
ticipants skipped steps, for consistency with other stair gait
studies.

Descending stairs -

Participants walked down the stairs adjacent to the laboratory
at Simon Fraser University. They remained in place for 35 sec
at the bottom of the staircase.

“Please walk down the stairs to the main floor of the building,
at a regular and comfortable pace for you. Take the steps one
at a time, and try not to run. Please stand still at the bottom of
the staircase until we tell you that you can move.”
No further instructions were given with respect to the descent
strategy, including handrail use. Trials were repeated if par-
ticipants skipped steps, for consistency with other stair gait
studies.
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