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Figure 5. Optimal wear locations for a mental health and wellness sensor. (a-c) Distribution of skin conductance(SC), heart rate variability (HRV), and cortisol on the body. Red regions designate higher signal magnitude, and blueregions designate lower signal magnitude. (d) Distribution of combined biosignals (SBiosignals) on the body. SC, HRV,and cortisol signal magnitudes are equally weighted to generate the contour map. (e) User preference data (SPreference)is shown using a contour map on the body. Here, red regions show a positive preference, and blue regions show anegative preference. (f-h) Optimal wear locations are shown using the wear index (IWear ). Red regions show a high
IWear and blue regions show a low IWear . Three different weight combinations are used to generate contour maps. In f,user preference is weighted heavily at SPreference = 75% and SBiosignals = 25%. It is evident that using userpreference, the wear locations are mostly hidden under the clothing on the upper body. In g, both SPreference and
SBiosignals are weighted at 50%, which yields forearms and upper arms as the optimal wear locations. In h, thebiosignals are weighted heavily at SBiosignals = 75% and SPreference = 25%. In this case, the optimal wear locationsmove to the extremities of the body where the biosignal strengths are strong.
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portant to note some concerns about novelty effects when430 working with participants. While our participants were fa-431 miliar with wearable devices, e-skin devices are still rel-432 atively new, and negative reactions to their use in public433 has been noted in other contexts (e.g. , e-skins devices for434 interactions with other electronic devices[37]). Moreover, we435 derived our usability and experiential questionnaires from436 the WEAR Scale[38, 39] to understand perceptions of e-skin437 wearables as this is important for early design work; how-438 ever, future work should explore using a more robust (or the439 complete) acceptability scale when evaluating higher fidelity440 iterations. Finally, as far as we know all participants were441 healthy individuals and future work should involve patients.442

Methods443

Human factors study444 We conducted a two-part design probe study to investi-445 gate users’ perceptions of wearable devices and emerging446 e-skin technologies for stress monitoring and other men-447 tal health applications (Supplementary Figs. 1-7). In part448 one, public kiosks were set up at three different locations:449 a campus café, the campus bookstore, and the local pub-450 lic library. From these kiosks, we recruited passersby for451 brief semi-structured interviews (Median=24 min, standard452

deviation=4.5 min). In addition to questions about their453 wearable device use, participants were asked to indicate on454 paper body contour maps (Supplementary Fig. 3) where455 they would and would not wear an e-skin for mental health456 and wellness applications while “thinking aloud” to explain457 their rationale. They then applied a low-fidelity version of458 our sensor to their preferred body location using medical459 grade tape and completed a short survey (derived from the460 WEAR scale[38, 39]) about their demographics, the comfort of461 the low-fidelity wearable prototype, and the perceived so-462 cial acceptability around its use. In part two, we asked463 participants to go about the rest of their day while contin-464 uing to wear the low-fidelity wearable prototype and then465 to complete a follow-up survey similar to the prior but with466 additional open-text response questions about their expe-467 rience; this data was then treated as a pre-post test with468 results presented in Supplementary Fig. 6.469

Human factors study participants: In total, we recruited470 24 participants (12 male, 11 female, 1 non-binary) from471 the Palo Alto, California area. Participants were, on aver-472 age, 35.8 years old (Median=28, standard deviation=15.4).473 Most (79%) had a high degree of formal education (bach-474 elor’s and higher) and most (79%) were white or asian.475 Half (50%) were working full-time and over a third (38%)476

were students. Scores on the short Perceived Stress Scale 477(PSS-4)[40, 41] indicate that most experienced moderate lev- 478els of stress over the last month (Median=6.44, standard 479

deviation=3.29) (Supplementary Fig. 2). All experiments 480were performed in strict compliance with the guidelines of 481IRB and were approved by the Committee for Protection of 482Human Subjects at Stanford University (protocol no., IRB- 48345825). Informed consent was obtained from all participants. 484

Human factors data and analysis: In sum, data from this 485study includes: survey responses, paper body contour maps, 486and interview transcripts. Descriptive statistics were calcu- 487lated from closed-form survey results while open-response 488questions were thematically analyzed. Similarly, descrip- 489tive statistics were generated about regions indicated on the 490paper body contour maps. All interviews were recorded and 491professionally transcribed for computer-assisted qualitative 492data analysis using NVivo (v12). A researcher began the 493analysis by designing a preliminary codebook based on our 494research questions as well as concepts raised in prior liter- 495ature. Random selections of 12% of the interview transcripts 496were independently coded by two researchers according to 497this primary codebook and inter-rater reliability (IRR) was 498measured using Cohen’s kappa (κ). Between rounds, the 499researchers met to resolve disagreements and update the 500codebook. An overall κ=0.83, considered an almost perfect 501agreement, was achieved after two rounds of coding. The 502remaining interviews were then independently coded. 503

Biosignal data collection and processing 504

SC and HRV data collection study: SC and HRV data 505collection were performed using a custom-built wearable 506device. In the sensor, a pair of electrodes with hydrogel 507was used to collect the SC data. Using a feedback loop 508with a pair of operation amplifiers (op amps), we ensured 509that <10µA current flows for typical SC in the range of 5100-50 µS. Texas Instruments TLV9102, dual 1MHz, 16-V 511rail-to-rail op amps were used to implement the SC read- 512out circuit. The output signal was sampled using a 12-bit 513analog-to-digital-converter (ADC) of a Nordic Semiconduc- 514tor nRF52832 Bluetooth transceiver. 515The HRV signal was obtained from PPG signals collected 516by an optical sensor. SFH 7050 from OSRAM Opto Semi- 517conductors Inc. was interfaced with the nRF52832 Blue- 518tooth transceiver using a serial peripheral interface (SPI). 519Red (660 nm) and NIR (950 nm) lights were used to collect 520the PPG signals at 100 Hz sampling frequency. A silicon 521photodiode of the SFH 7050 sensor was used to collect the 522reflection-mode optical signal. 523

SC and HRV data collection study participants: 10 524
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healthy volunteers (6 male, 4 female) participated in the525 on-body SC and HRV data collection study. The volunteers526 were asked to put on the sensors on 6 different locations on527 the body. Then SC and HRV data were collected using the528 wearable and a mobile app for 2 minutes at every location.529 All experiments were performed in strict compliance with530 the guidelines of IRB and were approved by the Commit-531 tee for Protection of Human Subjects at Stanford University532 (protocol no., IRB-41837).533

SC and HRV data analysis: SC raw data was collected534 from the sensor and sent over Bluetooth to a smartphone. In535 the case of HRV, PPG signals from red and NIR channels536 were collected, and the NIR signal was used in a peak537 detection algorithm to find the systolic peaks. HR and HRV538 were calculated from the systolic peaks. RMSSD of the539 peaks, √∑n−1
i=1 (Peaki−Peaki+1)2

n−1 were used to calculate the540 HRV. Here, five consecutive systolic peaks (n=5) were used541 to create a windowed measurement.542

Cortisol data collection study: Sweat cortisol samples543 were collected from volunteers during a body temperature544 manipulation study, which was part of a larger protocol.545 Volunteers sat in a portable dry infrared sauna that zipped546 up around the chin. Their whole body was enclosed in the547 sauna except their head. The sauna temperature was set548 to 60 ◦C (140 ◦F). Volunteers remained in the sauna until549 either 45 min had elapsed, or until their core body temper-550 ature reached the maximum safety limit of 39.4 ◦C (103 ◦F).551 Volunteers had their core body temperature measured using552 an infrared tympanic membrane thermometer every 3 min553 that they were in the sauna to ensure that their core body554 temperature did not get too high. We collected sweat sam-555 ples from participants as their bodies attempted to regulate556 their core body temperature. Sweat was collected utiliz-557 ing an array of non-woven dental sponges to absorb the558 sweat from the skin surface. Dental sponges were affixed559 to the body using a transparent stretchable and waterproof560 medical dressing (Tegaderm, 3M). Sweat was collected from561 the forehead proximal to the frontal bone, the cubital fossa562 (inside of elbow), popliteal fossa (back of the knee). The563 cubital fossa and popliteal fossa dental sponges were placed564 bilaterally on both the left and right sides. Once volunteers565 exited the sauna the sweat saturated dental sponges were566 placed in centrifuge-compatible tubes originally designed to567 extract saliva from cotton swabs (Salivette system, Sarstedt,568 inc). The dental sponges were centrifuged at 3300 revolu-569 tions per minute (rpm) for 10 min to separate sweat from the570 dental sponge. Sweat samples were then frozen and stored571 at -80 ◦C until they were thawed for analysis.572

Cortisol data analysis: The analysis of sweat samples573

was conducted by Dresden lab service utilizing a standard 574ELISA with a 0.2 nmol limit of detection (LOD) and a co- 575efficient of variability of <7% for both the inter-assay and 576intra-assay measures. 577

Optimal placement location 578In the optimal sensor placement analysis, the biosignal data 579for SC, HRV, and cortisol were normalized first using the 580equation: SBiosignal,normalized = SBiosignal,i
max(SBiosignal) . To compute 581the overall effects of biosignals, SC, HRV, and cortisol data 582were equally weighted using the equation: SBiosignals = 583

w1×SSC +w2×SHRV +w3×SCortisol , where, w1 = w2 = 584

w3 = 0.33. Throughout this work, the contour maps were 585generated by interpolating the sensor data in 2D space. A 586false average color was assigned to the corners of the plots 587for better visualization. After that, both human factors and 588biosignals were used to generate the wear index, IWear = 589

w1×SPreference +w2×SBiosignals. Here, w1 and w2 were 590assigned the combinations of (w1 = 0.75, w2 = 0.25), (w1 = 5910.50, w2 = 0.50), and (w1 = 0.25, w2 = 0.75) to investigate 592the effects of human factors and biosignals in determining 593the optimal sensor placement. All analyses were performed 594using custom-written Python 3.6 scripts. 595
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International Symposium on Wearable Computers, 150–157 (2017). 697[35] Rüsch, N., Angermeyer, M. C. & Corrigan, P. W. Mental illness 698stigma: Concepts, consequences, and initiatives to reduce stigma. 699

European Psychiatry 20, 529–539 (2005). 700[36] Hinshaw, S. P. & Cicchetti, D. Stigma and mental disorder: Con- 701ceptions of illness, public attitudes, personal disclosure, and social 702policy. Development and Psychopathology 12, 555–598 (2000). 703[37] Profita, H. P. et al. Don’t mind me touching my wrist: a case study 704of interacting with on-body technology in public. In Proceedings of 705

the 2013 International Symposium on Wearable Computers, 89–96 706(2013). 707[38] Kelly, N. & Gilbert, S. The wear scale: Developing a measure 708of the social acceptability of a wearable device. In Proceedings of 709

the 2016 CHI Conference Extended Abstracts on Human Factors in 710

Computing Systems, 2864–2871 (2016). 711[39] Kelly, N. The wear scale: Development of a measure of the social 712acceptability of a wearable device. Graduate Theses and Disserta- 713

tions, Iowa State University (2016). 714[40] Ingram IV, P. B., Clarke, E. & Lichtenberg, J. W. Confirmatory factor 715analysis of the perceived stress scale-4 in a community sample. 716

Stress and Health 32, 173–176 (2016). 717[41] Warttig, S. L., Forshaw, M. J., South, J. & White, A. K. New, 718normative, english-sample data for the short form perceived stress 719scale (pss-4). Journal of Health Psychology 18, 1617–1628 (2013). 720

Acknowledgements 721

This work was supported in part by the Stanford Catalyst for 722Collaborative Solutions and the National Science Founda- 723tion SenSE program (grant no. 2037304). We thank Min-gu 724Kim, Chenxin Zhu, Hongping Yan, Sahar Harati, and Eusha 725Abdullah Mashfi for technical discussions and helping with 726the manuscript. Contributions from M.L.M. were made while 727in transition from Stanford University to the University of 728Delaware. 729

12

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 21, 2021. ; https://doi.org/10.1101/2021.01.20.427496doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.20.427496


Author contributions730

Y.K., M.L.M., Z.B., and P.E.P. designed the research. Y.K.,731 N.V., J.Li, J.K., A.F., D.D., and E.S. contributed to the732 biosignals portion of the study. M.L.M., P.N., A.M., and733 G.H. contributed to the human factors portion of the study.734 J.Landay, J.Liphardt, L.W., K.S., B.M., Z.B., and P.E.P. over-735 saw the project. Y.K., M.L.M, P.N, Z.B., and P.E.P. wrote736 the manuscript, and all authors edited the manuscript.737

Additional information738

Supplementary Information accompanies this paper at [Link]739

Competing financial interests: A provisional patent ap-740 plication has been filed based on the technology described741 in this work.742

Reprints and permission information is available online743 at744

How to cite this article:745

13

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 21, 2021. ; https://doi.org/10.1101/2021.01.20.427496doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.20.427496


Supplementary information
Design considerations of a wearable electronic-skin for mental health and wellness:

balancing biosignals and human factors
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1 Supplementary Note 1: Human factors study
We conducted a two-part design probe study to investigate users’ perceptions of wearable devices and emerging electronic-
skin (e-skin) technologies for stress monitoring and other mental health and wellness applications (Supplementary Figs.
1-7). In part one, public kiosks were set up at three different locations: a campus café, the campus bookstore, and the
local public library. From these kiosks, we recruited passersby for brief semi-structured interviews (Median=24 min,
standard deviation=4.5 min). In addition to questions about their wearable device use, participants were asked to indicate
on paper body diagrams (Supplementary Fig. 3) where they would and would not wear an e-skin for mental health and
wellness applications while ”thinking aloud” to explain their rationale. They then applied a low-fidelity version of our
sensor to their preferred body location using medical grade tape and completed a short survey about their demographics,
the comfort of the wearable prototype, and the perceived social acceptability around its use (derived from the WEAR
Scale[1, 2]). In part two, we asked participants to go about the rest of their day while continuing to wear the low-fidelity
prototype and then to complete a follow-up survey similar to the prior but with additional open-text response questions
about their experience.

We recruited n=24 participants (12 male, 11 female, 1 non-binary) from the Palo Alto, California area. Participants
were, on average, 35.8 years old (Median=28, standard deviation=15.4). Most (79%) had a high degree of formal
education (bachelor’s and higher) and most (79%) were white or asian. Half (50%) were working full-time and over a third
(38%) were students. Scores on the short Perceived Stress Scale (PSS-4)[3, 4] indicate that most experienced moderate
levels of stress over the last month (Median=6.44, standard deviation=3.29) (Supplementary Fig. 2). When asked
about their prior experience with wearable technology, we found that a majority of participants (87%) strongly associated
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Supplementary Fig. 1. Design probe study overview. (1) Potential participants are recruited from passersby. (2)
Researcher and potential participants review the consent form with the reviewer answering any questions about the
process. (3) The researcher conducts a brief semi-structured interview asking about the participants prior experience
with wearable devices and their thoughts on using wearables for mental health and wellness applications (e.g.,
monitoring daily stress). (4) Participants are then introduced to the concept of an electronic-skin (e-skin) wearable
device and asked where they might be comfortable wearing such a device given the mental health and wellness context.
(5) Participants are then asked to apply a low-fidelity mockup of our e-skin wearable device to their skin. (6) After
adhering the mockup device, participants are asked to complete a survey that asks them about their demographics as
well as questions derived from the WEAR Scale[1, 2] focusing on social perceptions of e-skin wearable devices, comfort of
the wearable prototype, and other factors. (7) Participants are then asked if they would mind continuing to wear the
mockup device for the rest of their day. The session ends with participants either removing the mockup device (8a) or
continuing to wear the device and completing another survey later that evening (8b); the follow-up survey was similar to
the first with demographic questions removed and open-form experiential questions added.

wearables with wrist-worn technology for fitness tracking and, in particular, smartwatches. By aggregating participant’s
paper body maps (Supplementary Fig 3), we are able to generate location preferences for e-skin wearables for mental
health and wellness.
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Supplementary Fig. 2. Perceived stress levels (from design probe survey): As part of the demographic questions
asked on the survey during the in-person design probe sessions, participants completed the short Perceived Stress
Scale (PSS-4)[3, 4] to assess the level of stress they experienced in the past month. Results indicate that most
participants experienced a moderate level of stress (Median=6.44, standard deviation=3.29).
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Supplementary Fig. 3. Survey body maps: To inform the future design of e-skin wearables for mental health and
wellness applications, participants completed paper body maps to indicate where they would and would not be
comfortable wearing an e-skin wearable. Participants were instructed to ”think aloud” and annotate their body maps
while the researcher collected notes. (a) The participant has indicated that the inside of the legs would be problematic
(red) for them—worrying that the wearable may fall off as a result of natural body movement. (b) The participant also
indicated that the upper arm was their preferred location (green) with a ”#1” and that this was where they wore the
low-fidelity mockup of the device (blue) during and after departing the design probe session.
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Supplementary Fig. 4. Examples of wear locations: With participant permission, the researcher at the design probe
collected photos of wear locations that were often (a) the underside of the forearm, (b) the outside of the upper arm,
and (c) the inside of the upper arm.
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Supplementary Fig. 5. Wear locations compiled: (a) Body maps were divided into 34 regions and counts were
aggregated based on where participants would and would not wear an e-skin device for mental health and wellness
applications as well as where they actually wore the low-fidelity device during and after the design probe session.
(b-d) This data was converted into body contour maps, which demonstrate preferences that can inform future designers
of such technology.
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Supplementary Fig. 6. Partial WEAR Scale derived questionnaire (from design probe study survey): Participants
who completed both parts of our design probe study rated several items derived from the WEAR Scale[1, 2] that
corresponded to social perceptions, ergonomics, and self-image. On a five point likert, higher scores tends to reveal
positive attitudes while lower scores tend to indicate negative attitudes. While overall impressions of e-skin wearables
were positive and consistent pre- and post-wear, we detected a significant change in 5 specific questions. We calculated
the change significance using the parametric t-test after the Shapiro-Wilk test confirmed the normality of the
distribution of the responses to each survey item. Additionally, Cohen’s d was calculated as a relative measure of the
change size. The comparison of the pre- and post-wear survey results indicate that after a short wear of a low-fidelity
device, participants showed less concern that the wearable might make others uncomfortable, cause awkwardness, or
result in being ridiculed. Paradoxically, while participants believed there were less negative consequences with wearing
the device, they became increasingly more worried about what such a device might communicate about them.
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Supplementary Fig. 7. Hygiene (from design probe survey): Participants were asked how frequently they would want
to change an e-skin wearable. Most would prefer to change the wearable between 1 - 2 weeks—similar to charging a
smartwatch. Others would prefer to change the e-skin wearable device daily or even every few days while others would
prefer to change the device every month or more (i.e., for consistent longitudinal data).
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Supplementary Fig. 8. The complete NIR PPG dataset of n=10 participants used in the HRV analysis. (a) Sensor
placement locations - (1) wrist, (2) forearm, (3) upper arm, (4) forehead, (5) upper chest, and (6) stomach. (b) PPG
signal magnitudes for NIR light on the aforementioned 6 locations for n=10 participants. HRV is derived from PPG,
hence, PPG signal magnitudes are used in the analysis.
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Supplementary Fig. 9. The reproducibility of HRV measurement. Since HRV is derived from PPG, PPG signal
magnitudes are used in the analysis. Five consecutive NIR PPG measurements were collected from one participant
while donning and doffing the sensor for each measurement on (1) wrist, (2) forearm, (3) upper arm, (4) forehead, (5)
upper chest, and (6) stomach. NIR PPG signal was normalized for each set of measurements on the aforementioned six
locations. The bar heights represent the average of the normalized value and the error bars represent the standard
deviation of the normalized value.
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Supplementary Fig. 10. The complete SC dataset of n=10 participants. (a) Sensor placement locations - (1) wrist,
(2) forearm, (3) upper arm, (4) forehead, (5) upper chest, and (6) stomach. (b) SC signal magnitudes on the
aforementioned 6 locations for n=10 participants.
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Supplementary Fig. 11. The reproducibility of SC measurement. Five consecutive SC measurements were collected
from one participant while donning and doffing the sensor for each measurement on (1) wrist, (2) forearm, (3) upper arm,
(4) forehead, (5) upper chest, and (6) stomach. SC signal was normalized for each set of measurements on the
aforementioned six locations. The bar heights represent the average of the normalized value and the error bars
represent the standard deviation of the normalized value.
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Supplementary Fig. 12. Impact of respiration on biosignals on the chest and stomach. (a) Heart rate variability
(HRV) and skin conductance (SC) data collection locations - (1) wrist, (2) forearm, (3) upper arm, (4) forehead, (5)
upper chest, and (6) stomach. (b) PPG from red and NIR channels, systolic and diastolic peaks from PPG, heart rate
(HR), HRV calculated from PPG signal, and SC from the 6 highlighted locations shown in a. The PPG signal is clear
on the wrist, forearm, upper arm, and forehead. The PPG signal gets highly attenuated on the upper chest and stomach.
The modulation is obvious on the chest, and the respiration signal is clearly visible in b(5). Therefore, it is hard to get
the PPG signal, hence, HRV cannot be calculated from the chest or the stomach.

2 Supplementary Note 2: Impact of respiration on biosignals on the chest and stomach.
During the on-body biosignal data collection, we observed on the chest and the stomach, the PPG signal gets modulated
with respiration. Since the PPG signal is a small pulsating signal on top of a big static signal, any motion gets coupled
to both signals. A representative data where respiration severely affects the PPG signal is shown in Supplementary Fig.
12b(5)-(6). The modulation is obvious on the chest, and the respiration signal is clearly visible. In such a scenario, it is
hard to get the PPG signal, hence, HRV cannot be calculated from the chest or the stomach.
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Supplementary Fig. 13. Sweat cortisol distribution on the body. (a) Sweat collection locations - (1) forehead, (2)
right arm (cubital fossa), (3) left arm (cubital fossa), (4) back of the right knee (popliteal fossa), and (5) back of the left
knee (popliteal fossa). (b) Sweat cortisol concentrations on the aforementioned 5 locations. The bar chart shows data
collected from n=16 participants.
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3 Supplementary Note 3: Individual impacts of SC and HRV on optimal wear location
In our analysis, the user preference data was collected from the design probe study, and the biosignals data was collected
from the on-body sensing. Then, we combined SC, HRV, and cortisol body maps to create the biosignal body contour map
using equal weights, SBiosignals = w1 × SSC + w2 × SHRV + w3 × SCortisol , where, w1 = w2 = w3 = 0.33. However,
in this section, we investiage the effects of SC on IW ear using the equation: IW ear = w1 × SPreference + w2 × SSC
(Supplementary Figs. 14a-c). Similarly, we investiage the effects of HRV on IW ear using the equation: IW ear =
w1 × SPreference + w2 × SHRV (Supplementary Figs. 14d-f). In both cases, w1 and w2 were assigned the combinations
of (w1 = 0.75, w2 = 0.25), (w1 = 0.50, w2 = 0.50), and (w1 = 0.25, w2 = 0.75). It is important to mention that our
HRV signal is derived from PPG signal. Therefore, we used PPG signal magnitude as a proxy for HRV signal.

For SC, with (w1 = 0.75, w2 = 0.25) and (w1 = 0.50, w2 = 0.50), IW ear remains high on places that are normally
covered with everyday clothing. For (w1 = 0.25, w2 = 0.75), IW ear is high on the extermiteis of the body. For HRV, with
(w1 = 0.75, w2 = 0.25) IW ear remain high on places that are normally covered with everyday clothing. When, (w1 =
0.50, w2 = 0.50), IW ear is high on the upper arm and the forearm areas. With (w1 = 0.25, w2 = 0.75), the body contour
map almost resembles the Biosignals body map, and IW ear is high on the extermiteis of the body. Note that, due to the
high variablity of the HRV signal on the body, the effects of the HRV signal is more pronouced on the optimal placement
location.
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Supplementary Fig. 14. Individual impacts of SC and HRV on optimal wear location. (a-c) The implact of SC on
IW ear is investigated using the equation: IW ear = w1 × SPreference + w2 × SSC . Here, w1 and w2 were assigned the
combinations of (w1 = 0.75, w2 = 0.25) in a, (w1 = 0.50, w2 = 0.50) in b, and (w1 = 0.25, w2 = 0.75) in c. (d-f) The
implact of HRV on IW ear is investigated using the equation: IW ear = w1 × SPreference + w2 × SHRV . Here, w1 and w2
were assigned the combinations of (w1 = 0.75, w2 = 0.25) in d, (w1 = 0.50, w2 = 0.50) in e, and (w1 = 0.25, w2 =
0.75) in f. Due to the high variablity of the HRV signal on the body, the effects of the HRV signal is more pronouced
on the optimal placement location.
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