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shown to negatively impact vocal function. This study explores the use of sidetone regulation during audio-visual
communication as one potential technique to alleviate the effects of telecommunication on the voice.
Method. The speech acoustics of 18 participants with typical voices were measured during conversational tasks
during three conditions of sidetone amplification: baseline (no sidetone amplification), low sidetone amplification,
and high sidetone amplification. Vocal intensity, vocal quality (estimated using acoustic measures of the low-high
ratio and the smoothed cepstral peak prominence), and self-perceived vocal effort were used to measure the
impacts of sidetone amplification on vocal function.
Results. Compared to baseline, there were statistically significant decreases in vocal intensity and increases in
low-high ratio in the high level of sidetone amplification condition. Changes in these measures were not signifi-
cantly correlated. When asked to rank conditions based on their perceived vocal effort, participants most often
ranked the high level of sidetone amplification as least effortful; however, the visual-analog ratings of vocal effort
were not significantly different between conditions. The smoothed cepstral peak prominence did not change with
varying levels of sidetone amplification.
Conclusions. Vocal intensity decreased with high levels of sidetone amplification. High levels of sidetone ampli-
fication also resulted in increases in the low-high ratio, which were shown to be more than just a byproduct of
decreased vocal intensity. The impact of sidetone amplification on vocal effort was less clear, but results suggested
that participants generally decreased their vocal effort with increased levels of sidetone amplification. This was a
preliminary study and future work is warranted in a population of participants with voice complaints and in a
more noisy, realistic environments. TaggedEnd
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back.TaggedEnd
TAGGEDH1INTRODUCTION TAGGEDEND
TaggedPThe use of technology to communicate remotely has become
a new standard in various sectors of society, ranging from
work and education to health and leisure. While there are
benefits of convenience for this mode of communication,
research has shown that frequent use of telecommunication
impacts vocal function. Typical speakers report vocal symp-
toms such as increased vocal effort with increasing use of
both audio and audiovisual telecommunication platforms
for their work e.g., 1,2. Often, these speakers are required to
spend long hours telecommunicating with few breaks and
poor vocal hygiene. 3,4 Studies have observed short-term
changes in voice production during the use of
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telecommunication platforms, finding increases in both
vocal intensity and speaker-reported vocal effort when com-
pared to in-person communication. 1,5 The results are con-
sistent with retrospective evidence suggesting that
individuals who occupationally use telecommunication and
speech recognition software may be at increased risk for
symptoms of muscle tension dysphonia. 6-8 Whether short-
term or chronic, voice changes during telecommunication
are likely due, in part, to disruptions in the sensorimotor
monitoring mechanisms that speakers use to maintain
intelligibility during communication, as evidenced by phe-
nomena such as the Lombard effect and sidetone regula-
tion. TaggedEnd

TaggedPThe Lombard effect describes the tendency of speakers to
make involuntary adjustments of vocal intensity when back-
ground noise is increased.9Increases in background noise are
also accompanied by rises in fundamental frequency, flat-
tening of the voice spectral slope, and lengthening of signal
duration, especially for vowels. 10 These vocal changes are
most prominent in conversational tasks, relative to simple
reading or other non-communicative phonation e.g., 11,12,
indicating that the speaker's goal is intelligible communica-
tion. Such involuntary adjustments are critical during tele-
communication, as compared to in-person communication.
Remote interactions pose added challenges due to the lack
of beneficial verbal and non-verbal cues that foster intelligi-
bility when in-person. TaggedEnd
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TaggedPSidetone regulation, is a related phenomenon in which
speakers use their own vocal feedback to regulate their
vocal amplitude. Much like the Lombard effect, sidetone
regulation is prominent during conversational tasks. 11-14

Sidetone regulation and the Lombard effect have been
hypothesized to result from the same underlying pro-
cesses that aim to maintain intelligibility during conver-
sation. 9,12 That is, during conversation the speaker must
compensate for any changes in the signal-to-noise ratio
in order to remain intelligible. It is often the case during
telecommunication that a high background noise or
reduced sidetone warrants the speaker to perceive their
intelligibility as low, causing them to make changes in
their voice production in attempts to increase the signal-
to-noise ratio of conversation. Thus, increasing sidetone
amplification may have the potential to offset the nega-
tive vocal effects of telecommunication. For instance,
when participants are provided feedback of their own
voice through headphones, their vocal intensity
decreases. 12,13,15-19 These studies have demonstrated this
effect in an experimental environment, using repetitive
speech tasks in ideal acoustic settings; however, this
effect has also been observed in more ecologically valid
environments. For example, a 2003 study showed similar
findings, observing how teachers change their voice pro-
duction when given self-feedback during a day of teach-
ing. 20 Additionally, an earlier study added sidetone
amplification into live business calls to understand side-
tone regulation in a setting that represented a real-life
environment. 14 However, it is not known whether these
changes in vocal intensity transfer to changes in voice
quality and vocal effort. Control in the level of sidetone
amplification can be achieved with low-latency live-mic
monitoring technology, which provides real-time play-
back of one's voice through a headset. Use of such tech-
nology could potentially mitigate the vocal risks
associated with use of telecommunication platforms TaggedEnd

TaggedPCurrent research has primarily focused on the negative
effects and probable risks due to the increasing use of
telecommunication; however, far fewer studies have
attempted to determine techniques to mitigate such risks.
Thus, this study aims to determine the potential thera-
peutic effects of sidetone amplification on vocal function
during audio-visual telecommunication. Two levels of
sidetone amplification were compared to a baseline con-
dition with no sidetone amplification to assess the effects
on vocal intensity, vocal quality (estimated using acous-
tic measures of the low-high ratio and the smoothed
cepstral peak prominence), and self-perceived vocal
effort. We hypothesized that sidetone amplification dur-
ing telecommunication would have an effect on voice
production of speakers with typical voices such that,
when compared to the baseline condition, higher levels
of sidetone amplification would result in lower vocal
intensity, higher low-high ratios, lower smoothed cepstral
peak prominence values, and lower self-perceived vocal
effort. TaggedEnd
TAGGEDH1METHODS TAGGEDEND

TaggedH2Participants TaggedEnd
TaggedPEighteen cisgender, non-smoking, native speakers of
English (eight males and ten females; Mage = 21.0 years
SDage = 2.53 years) participated in the study. The partic-
ipants self-reported no history of speech, language, hear-
ing, or neurological disorders and provided written
consent as per the Boston University Institutional
Review Board. All participants passed a hearing screen-
ing at levels of 25 dB HL at the frequencies of 125, 250,
500, 1000, 2000, 4000, and 8000 Hz. Participants
reported their daily average time spent on telecommuni-
cation platforms. Eight participants reported daily aver-
ages between 2-4 hours and ten participants reported
daily averages of more than 5 hours. All participants
completed the Voice-Related Quality of Life (V-RQOL)
questionnaire with raw scores ranging from 10 to 26
(MVRQoL = 13.33, SDVRQoL = 4.73), indicating that par-
ticipants did not perceive their voice as having a signifi-
cant impact on their day-to-day activities. TaggedEnd
TaggedH2Procedure TaggedEnd
TaggedPPer COVID-19 protocol, all participants wore masks upon
arrival and experimenters were in full personalized protec-
tive equipment for the duration of the study. Once partici-
pants were seated alone in a sound-attenuated booth, they
were then instructed to remove their mask. The experi-
menter remained outside the booth for the duration of test-
ing. All instructions were communicated to the participant
by the experimenter through an Amazon Echo Show (Ama-
zon.com, Inc, Seattle, WA). Participants wore a SHURE
MX153 omnidirectional microphone (SHURE, Niles, Illi-
nois) angled 45 degrees lateral from the midline and posi-
tioned 7 cm away from the corner of the mouth. Sennheiser
HD 280 Pro over-ear headphones (Sennheiser Electronic
GmbH & Co, Wennebostel, Germany) were used for play-
back capabilities. A Knowles BU 21771 accelerometer
(Knowles Acoustics, Itasca, Illinois) was placed at the notch
of the neck, secured with adhesive tape, and used to record
neck surface vibrations. To calibrate speech recordings an
electrolarynx positioned 7 cm from the participant's micro-
phone, in line with the mouth, was used to generate output.
The sound pressure level in dB SPL was measured using a
Galaxy CM-150 sound pressure level meter (Galaxy Audio,
Wichita, Kansas), which was held in close proximity to the
microphone. SONAR Artist acoustic software was used to
collect acoustic recordings on a desktop computer at a sam-
pling rate of 44,100 Hz. TaggedEnd

TaggedPA single experimenter (the first author) virtually inter-
acted with all participants and wore a SHURE dynamic
headset microphone (SHURE, Niles, Illinois). To capture
voice-related vibrations, a K&K Hot Spot transducer
(K&K Sound, Coos Bay, Oregon) was fixed on the surface
of the experimenter's neck. Both the microphone and trans-
ducer signals were recorded with a LS-10 Linear PCM digi-
tal handheld audio recorder (Olympus Corporation of the



TaggedFigure

FIGURE 1. Schematic representation of the experimental setup. Room 2 contained the sound booth and experimental equipment; this was
where the participant was located for the duration of the experiment. The participant sat in front of two devices set up for audio-visual com-
munication. The Amazon Echo device was set up for instructions throughout the experiment while the device using Zoom was set up for the
specific experimental conditions. Likewise, the device located on the desk outside of the sound booth was set up with the Amazon Alexa
application for the experimenter to give the participant instructions. Room 1 was where the experimenter was located during each condition.
Here, the experimenter sat in front of the device using Zoom to communicate with the participant during experimental conditions. TaggedEnd
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Americas, Center Valley, Pennsylvania) at a sampling rate
of 44,100 Hz. TaggedEnd

TaggedPThree portable Samsung Galaxy Tab E tablets (Sam-
sung Electronics, Seoul, South Korea) with volumes set
to 80% were used in this study. Two were used for tele-
communication, one by the experimenter and one by the
participant, during an audio-visual conference call using
Zoom Video Communications. The third was used for
the experimenter to connect to the Amazon echo located
inside the sound booth to provide set-up instructions to
the participant. Figure 1 illustrates a schematic represen-
tation of the experimental setup. Prior to the start of the
experiment, the tablets used for the Zoom conferences
were stationed on tablet stands with the screens posi-
tioned 45 degrees upwards and were not moved for the
duration of the experiment. One was placed within the
sound booth, 32 inches away from the participant, and
the other was placed in a small conference room nearby.
This tablet was also stationed approximately 32 inches
away from the experimenter. TaggedEnd

TaggedPIn order to understand the effects of sidetone amplifi-
cation on voice production, the participants completed
three conversational tasks with varying levels of sidetone
amplification. During baseline, only the experimenter's
voice was emitted through the headphones. The partici-
pants could hear themselves via the bone-conducted and
attenuated (32 dB) air-conducted natural feedback. The
other two tasks provided feedback through the head-
phones that varied in terms of the gain applied to the
sidetone feedback. The participants’ voices were digitized
and transmitted through their headphones with a delay
of 11ms, which is below the 16-26 ms threshold that has
been demonstrated to be perceived by a listener as an
echo. 21 Thus, this allowed the participants to hear both
themselves and the experimenter as the same time. A
Br€uel & Kjær sound level meter, microphone pre-
amplifier, and headphone coupler (Br€uel & Kjær,
Nærum, Denmark) were used for calibration, such that
participants heard their voice amplified to -3 dB and
-9 dB relative to their microphone signal in these two
tasks. TaggedEnd

TaggedPThe experimenter and participant completed three ver-
sions of a collaborative communicative task identical to the
ones performed in Tracy, et al. 1 and adapted from the sce-
narios used by Seita, et al. 22 The study consisted of tasks
approximately 10 minutes in duration with differing scenar-
ios and level of sidetone amplification. For each task,
designed to simulate an extemporaneous conversation, the
participant and experimenter collaborated on determining
10 items of significance if stranded in a specific environment
and then ranked the items from most to least important.
The specific environments ranged between lost at sea, stuck
on the moon, and stranded in a desert. These environments
corresponded to participant sidetone amplification levels of
baseline, low (-9 dB), and high (-3 dB) respectively. The
environmental scenarios with the matched sidetone amplifi-
cation level were considered conditions; conditions were
counterbalanced across participants. The participants were
given a clipboard, paper, and pen to write notes during the
conversations. TaggedEnd

TaggedPParticipants were asked to take a five-minute voice break
between conditions. During this time, the participants rated
their self-perceived vocal effort on a 100-mm visual analog
scale [VAS]. 23 Vocal effort was defined for the participants
as “how easy or difficult it is to talk in terms of how much
effort, strain, discomfort, and/or fatigue you perceive when
using your voice, independent of your volume.” The scale
was labeled “No Effort” at 0 mm and “Max Effort” at
100 mm. Once all three conditions and their associated VAS
ratings were completed, participants were instructed to
rank-order the conditions in terms of vocal effort level from
most (1) to least (3) vocal effort exerted. TaggedEnd
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TaggedH2Data Analysis TaggedEnd
TaggedPInitial signal processing was implemented using a custom
MATLAB script (MATLAB 2018, Mathworks). Acoustic
signals of the participants were calibrated to the electrolar-
ynx tone. Times were extracted in which only the partici-
pant was speaking in order to obtain their isolated speech
acoustics. The microphone and accelerometer signals of
both the participant and experimenter were time-aligned.
The microphone signal was used to analyze the properties
of the voice whereas the accelerometer signals were used
solely to identify when the participant and experimenter
were speaking. A threshold was applied to the envelope of
each participant's accelerometer signal to remove pauses.
Similarly, a threshold was applied to the envelope of the
experimenter's accelerometer signals to remove times during
which the experimenter was speaking. In order to ensure
appropriate pause and voice segmentation, threshold values
were manually extracted via visual and auditory inspection
by the first author. The outcome of this processing was a
continuous signal of speech solely from the participant with
total signal lengths averaging 248 s (range: 85—567 s, SD:
110 s). TaggedEnd

TaggedPFor each condition, each participant's mean vocal inten-
sity in dB SPL was calculated in MATLAB software (MAT-
LAB 2018, Mathworks). Likewise, each participant's low-
high (LH) ratio and smoothed cepstral peak prominence
(CPPS) were computed for each condition using PRAAT
acoustic software.24 TaggedEnd
TaggedH2Statistical Analysis TaggedEnd
TaggedPTo determine the effect of the sidetone amplification level
(baseline, low, high) on the four measured outcomes (vocal
intensity, LH ratio, CPPS, vocal effort), four repeated meas-
ures analyses of variance (ANOVAs) were used with condi-
tion as a factor. An alpha value of 0.05 or less was used for
significance testing. For outcome measures for which the
condition was a significant contributor, effect sizes were cal-
culated using a squared partial curvilinear correlation (hp

2)
designated as small (~0 .01), medium (~ 0.09), or large (>
0.25), as described in Witte and Witte. 25 Post-hoc analyses
were performed on any outcome measures for which the
condition was a significant contributor using Tukey pair-
wise comparisons. To determine if there was an association
between condition and the vocal effort rank-orders assigned
by participants at the end of the experiment, a Chi square
test was performed using the likelihood ratio test statistic.
The likelihood ratio chi square test statistic is based on the
ratio of observed to expected frequencies of occurrence. For
this study, we expect the likelihood ratio to provide insight
on how likely it is that a participant would rank their vocal
effort in a certain order based on the condition. We hypoth-
esized that, with increasing levels of side tone amplification,
the participants would rank order their vocal effort in the
opposite direction, i.e. higher level of side tone amplification
resulting in a lower rank of vocal effort An effect size was
calculated using Cramer's V with four degrees of freedom
and designated as small (~0.05), medium (~0.15), or large
(>0.25), as described in Cohen. 26 TaggedEnd

TaggedPBased on the primary study results, additional explana-
tory analyses were performed to determine the relationship
between changes in voice quality (estimated by LH ratio)
and vocal intensity. Per participant, differences in LH ratio
and vocal intensity were compared between 1) low and base-
line and 2) high and baseline using Pearson's correlation
analysis. TaggedEnd
TAGGEDH1RESULTS TAGGEDEND
TaggedPAverage values normalized per participant to the baseline
condition for the four measured outcomes are shown in
Figure 2. The results of the ANOVAs and associated effect
sizes are listed in Table 1. TaggedEnd

TaggedPThe results from the ANOVA indicated that condition
was a statistically significant factor on vocal intensity with a
large effect size (Table 1). The post-hoc analysis revealed a
statistically significant decrease in vocal intensity between
the high and low sidetone amplification (padj = 0.025) and
between the high sidetone amplification level and baseline
(Padj = 0.019), but no difference between the low sidetone
amplification level and baseline. The mean vocal intensity
was 82.4 dB SPL (SD = 3.4 dB) during baseline, 82.4 dB
SPL (SD = 3.1 dB) during the low sidetone amplification
level, and 81.4 dB SPL (SD = 3.1 dB) during the high side-
tone amplification level. TaggedEnd

TaggedPCondition was also found to be a statistically significant
factor on LH ratio with a large effect size (Table 1). Post-
hoc analysis described a statistically significant difference
between the low and high sidetone amplification levels
(Padj = 0.001) and the high sidetone amplification level and
baseline (Padj = 0.003), but no difference between the low
sidetone amplification level and baseline. The mean LH
ratio was 25.1 dB (SD = 4.0 dB) during baseline, 24.8 dB
(SD = 4.7 dB) during the low sidetone amplification level,
and 27.1 dB (SD = 2.9 dB) during the high sidetone amplifi-
cation level. TaggedEnd

TaggedPCondition was not found to be a statistically significant
factor for CPPS or self-perceived vocal effort. The mean
CPPS was 11.2 dB (SD = 1.2 dB) during baseline, 11.1 dB
(SD = 1.2 dB) during the low sidetone amplification level,
and 11.2 dB (SD = 1.1 dB) during the high sidetone amplifi-
cation level. TaggedEnd

TaggedPAlthough not statistically significant, participants tended
to decrease their vocal effort with increasing sidetone ampli-
fication levels, with an average vocal effort of 20.8
(SD = 16.0) during baseline, 18.0 (SD = 14.7) during the
low sidetone amplification level, and 16.0 (SD = 15.2) dur-
ing the high sidetone amplification level. TaggedEnd

TaggedPThe Chi square analysis revealed a statistically significant
association (P = 0.049) with a large effect size (V = 0.42)
between condition and how participants rank-ordered the
trials based on vocal effort. Of the trials with the high side-
tone amplification level, 50% were ranked as least effortful
(3); of the baseline trials, 50% were ranked most difficult
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FIGURE 2. Mean and 95% confidence intervals relative to the
baseline condition for vocal intensity, low-high (LH) ratio,
smoothed cepstral peak prominence (CPPS), and vocal effort for
the three sidetone amplification conditions—baseline, low (-9 dB),
and high (-3dB). Asterisks denote statistical significance at an
alpha level of 0.05 (Padj < 0.05) between conditions. TaggedEnd
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(1); and of the trials with the low sidetone amplification
level, 50% were ranked in the middle, as shown in Figure 3.
This result suggests that participants were more likely to
provide lower vocal effort rankings for conditions with
higher levels of sidetone amplification. TaggedEnd

TaggedPThe explanatory analyses on the relationship between LH
ratio and vocal intensity did not result in statistically signifi-
cant correlations. Specifically, the correlation analysis of the
differences in LH ratio and vocal intensity between the low
amplification level and baseline indicated a p = 0.636 and
r = -0.12. The relationship between LH ratio and vocal
intensity changes remained weak when examining the differ-
ences between the high amplification level and baseline, with
a P = 0.512 and r = -0.16. TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND
TaggedPThe purpose of this study was to determine the effects of
sidetone amplification on vocal function during telecommu-
nication. We hypothesized that participants would decrease
their vocal intensity with increasing levels of sidetone ampli-
fication. In terms of acoustic estimates of vocal quality, we
hypothesized that participants’ LH ratios would increase
and that their CPPS values would decrease with increased
levels of sidetone amplification. Additionally, we hypothe-
sized that participants would report decreased levels of
vocal effort with increasing levels of sidetone amplification.
Our hypotheses were supported by changes in the measures
of vocal intensity and LH ratio, and by the ranked-order of
self-perceived vocal effort. TaggedEnd

TaggedPAs hypothesized, participants decreased their vocal inten-
sity with increasing levels of sidetone amplification. This
finding is consistent with the literature regarding sidetone
regulation. 12,13,15-19 As sidetone amplification is increased,
vocal intensity is often decreased. Our findings expand the
work of McKown and Emling 14, showing that this effect
generalizes from in-person communication, to telephone
communication and here to audio-visual telecommunica-
tion. These adjustments in vocal intensity may be attempts
from the speaker to remain intelligible during conversation
across altered acoustic environments. TaggedEnd

TaggedPBased on our acoustic outcomes, vocal quality changed as
a function of sidetone amplification. Specifically, partici-
pants phonated with a higher LH ratio as the level of side-
tone amplification increased. Thus, there was more low-
frequency or less high-frequency energy in the vocal spec-
trum with higher sidetone amplification. It is possible that
the increases in LH ratio seen with sidetone amplification
could be due to changes in high frequency noise. However,
increased high-frequency energy would be aharmonic,
which would have resulted in simultaneous decreases in
CPPS, which was not seen in our study. Therefore, the more
plausible physiological explanation for the increased LH
ratio as the level of sidetone amplification increased, is that
less medial compression of the vocal folds was used to pro-
duce vocalization (consistent with a less “pressed” voice).
Reduced medial compression allowed for a relative increase
in airflow, which results in a vibratory cycle with a shorter
closed phase. This phonation pattern is often associated
with a more prominent first harmonic in the low-frequency
bands of the voice source spectrum relative to the high fre-
quencies and may be captured by the LH ratio. 27 These
changes could occur as a result of the noted changes in vocal
intensity. However, a comparison of changes in LH ratio
and vocal intensity indicated weak relationships. These



TaggedEnd TABLE 1.
Results of analysis of variance models

Factor Df F-Value P-value Effect size Qualitative

Effect Size

Vocal Intensity

Sidetone Amplification Condition 2 5.25 0.010 0.24 Large

LH Ratio

Sidetone Amplification Condition 2 9.79 <0.001 0.37 Large

CPPS

Sidetone Amplification Condition 2 0.69 0.509 - -

Vocal Effort

Sidetone Amplification Condition 2 1.22 0.307 - -

Effect sizes and interpretations are only provided for significant effects (P < 0.05). Dashes indicate nonsignificant findings. df = degrees of freedom;

CPPS = smoothed cepstral peak prominence; LH ratio = low-high ratio.
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findings suggest that changes in vocal quality, measured by
LH ratio, are not solely a byproduct of changes in vocal
intensity. TaggedEnd

TaggedPRegardless of the physiological basis, LH ratio was
significantly higher when speakers were exposed to
higher sidetone amplification, yet CPPS was unchanged.
Prior research has found that CPPS is a promising mea-
sure of dysphonia, correlating strongly with perceptions
of severity, roughness, hoarseness, and strain. 28-30

Although spectral tilt measures have been shown to be
correlated to breathiness in dysphonic speakers, the per-
ceptual significance of measures of spectral tilt in typical
voices is unclear. 31,32 Thus, from a clinical perspective,
a higher LH ratio, as found in this study under higher
sidetone amplification, may indicate improved vocal
quality, but more research must be performed to support
this claim since CPPS was not impacted by condition. TaggedEnd
TaggedFigure

FIGURE 3. The percentage of vocal effort (VE) rank-orders
assigned by participants at the end of the experiment for each con-
dition. A statistically significant association (P = 0.049) was found
between condition and vocal effort rank-orders, with a large effect
size (V = 0.42). Thus, participants were more likely to provide a
lower ranking with increased levels of sidetone amplification. TaggedEnd
TaggedPThe impact of sidetone amplification on speakers’ percep-
tions of vocal effort was less clear. When asked to rate vocal
effort on a VAS, participants reported decreased levels of
vocal effort with increased levels of sidetone amplification
on average; yet this relationship was not supported statisti-
cally. However, when asked to rank-order the vocal effort
required for each condition at the end of the experiment,
participant's responses were statistically significantly differ-
ent across the conditions. One reason for this disparity could
be the large degree of variability across participants in
reporting vocal effort. This variability was most prominent
in the baseline and high sidetone amplification level condi-
tions. Because vocal effort is a perceptual measurement, it is
not uncommon for responses to be variable. For example,
Tracy, et al. 1studied the impact of communication modality
on voice production and found that vocal effort among all
communication modalities had a high degree of variability.
Another possible cause of the weak effect of sidetone ampli-
fication on vocal effort could be the sample composition.
Participants were young adults with typical voices and per-
ceived vocal effort changes may be more useful when study-
ing individuals with voice complaints or voice disorders. An
additional cause of the weak effect of sidetone amplification
on vocal effort could be the short task duration. The length
of each condition (10 minutes) may not have been enough
time to cause measurable changes in vocal effort. However,
the cumulative effect of the use of increased vocal intensity
over the course of a day of telecommunication is likely to
lead to increased vocal effort, as seen in vocal loading
tasks.33TaggedEnd

TaggedPThis is a preliminary study of sidetone amplification as an
intervention during telecommunication and thus has several
limitations. One possible limitation is that the levels of side-
tone amplification studied may not have captured a large
enough range to elicit more robust differences between con-
ditions. The levels were chosen empirically based on initial
pilot testing in which amplification levels were altered based
on the comfort and preferences of laboratory staff. In the
future, a larger range of amplification levels could be used
to determine if these affect the measured outcomes. In addi-
tion, this study was performed in ideal acoustic conditions;
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it is possible that in a more realistic environment with back-
ground noise, the measured outcomes may have been
altered. Another limitation of this study was that it was con-
ducted 10 months into a global pandemic, requiring experi-
ments to be as remote as possible. Thus, this study used
only acoustic measures in order to be non-invasive, socially
distanced, and safe. Future studies employing aerodynamic
measures could provide more insight about the potential
physiological bases of vocal change during sidetone amplifi-
cation. Finally, only a select few acoustic measures were
incorporated − vocal intensity, LH ratio, and CPPS. These
measures were chosen because they are appropriate for run-
ning speech, which allowed us to implement a study design
that was relatively ecologically valid. Despite these limita-
tions, the use of sidetone amplification during telecommuni-
cation seems to be a promising way to improve some
aspects of vocal function; instructions for clinicians and
readers on how to implement this design for work and/or
personal use can be found in the supplemental section. TaggedEnd
TAGGEDH1CONCLUSIONS TAGGEDEND
TaggedPThis study explored the vocal effects of using sidetone
amplification during audio-visual telecommunication. Side-
tone amplification resulted in statistically significant
decreases in vocal intensity and increases in LH ratio, an
acoustic correlate of vocal quality. The impact of sidetone
amplification on speakers’ perceptions of vocal effort was
less clear, but overall suggested that participants experi-
enced less vocal effort with increased levels of amplification.
These findings are tempered by the preliminary nature of
the study. Future work in individuals with voice complaints
in more realistic, noisy environments is warranted. TaggedEnd
TAGGEDH1ACKNOWLEDGEMENTS TAGGEDEND
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