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LiveWell RERC research and development staff are working to develop a wireless sensor that detects 

physiological indicators of stress through ecological momentary assessment and integrates with stress 

management apps on smart devices. The biosensor will integrate with two apps we are currently 

developing: 1) a coaching app for using a breathing technique for stress management built for wearable 

devices, and 2) a problem-solving app for smartphones and tablets. When the biosensor detects signs of 

stress, it will trigger a cue on a smart device that indicates to users that they may be experiencing an 

increase in stress and may benefit from using a stress management strategy. Confirmation of the need 

to use a selected stress management strategy will cause the respective app to launch.  

Several consumer products are currently available which measure physical indicators of stress. Most are 

not wearable, and only some work in coordination with mobile apps to reduce stress. Most do not have 

user defined preference settings.  A review of related literature, including scientific publications and 

health and technology web-based publications, reveals many existing methods of stress detection either 

are not well studied or have a high rate of error, primarily due to false positive readings. Below is 

summary of our findings from reviews of commercial products and the academic literature on sensors 

for the following indicators of biological function: 

 Heart rate 

 Heart rate variability 

 Electrodermal activity 

 Blood pressure 

 Oxygen saturation 

 Temperature 

 Muscle tension 
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Heart Rate (HR) 

Elevated HR is a salient identifying physiological feature of sympathetic arousal, or stress.  Many smart 

devices provide the user with the option to measure their heart rate. However, in many cases the 

accuracy is unproven and the device does not permit constant, ongoing monitoring required for 

ecological momentary assessment of stress. 

Heart Rate Variability (HRV) 

HRV may be a more reliable physiological indicator of stress than HR. HRV quantitatively measures the 

influence of the Autonomic Nervous System (ANS) on HR and is a biomarker of ANS functioning. The 

psychophysiology of stress points towards autonomic dysregulation (elevated sympathetic response and 

attenuated parasympathetic response).  

Research into HRV biofeedback as a treatment for Post Traumatic Stress Disorder (PTSD) is promising. 

Most studies ask veterans with PTSD to look at a display of HRV and perform breathing exercises to try 

to control HRV. Another study asked veterans to perform mindfulness exercises. Veterans with PTSD 

show lower HRV than healthy controls. Results from one study suggested a possible synergistic effect of 

pain, PTSD and mild traumatic brain injury (mTBI) on depressed HRV. Other studies show increasing HRV 

alleviates PTSD symptoms and improves cognitive information processing. Researchers hypothesize that 

higher amplitude HRV promotes autonomic homeostasis and the ability to self-regulate emotionally. 

Both the Stress Eraser and Em2Wave Personal Stress Reliever have been used in PTSD studies. 

Stress Eraser ($400) – portable feedback device that uses an infrared sensor applied to the 

fingertip to measure HRV and displays the wave on a monitor screen. Users attempt to slow 

breathing to affectively change the wave on the monitor screen. 

http://www.stress.org/certified-product-stress-eraser/ 

 

Em2Wave Personal Stress Reliever ($199) –  handheld, portable device that uses a sensor to 

detect pulse rate (either applied to the thumb or ear) which then uses an LED display with audio 

feedback to encourage the user to pace their breathing – used with desktop software. 

http://www.lifematters.com/emwave.asp 

Electrodermal Activity (EDA)/ Galvanic Skin Response (GSR)/Skin Conductance Response (SCR)/ 

Pyschogalvanic Reflex (all synonyms) 

EDA is one of the most robust physiological indices of stress. Several studies report that it is a reliable 

measure. Additionally, the US Army has used it to measure soldier stress. EDA sensors capture sweat 

gland functioning as a parameter of the autonomic nervous response system by measuring electrical 

resistance of the skin. As stress levels increase, changes in the electrical resistance of the skin is 

detected measured by sensors (similar to the way polygraph machines work). Higher GSR indicates 

higher the level of stress. Different types of stress can produce similar GSR readings making it difficult to 

determine if the stress is negative (e.g., fear or anger), or some other stress, such as being startled or 

sexually aroused. All may elicit similar GSR readings.  

http://www.stress.org/certified-product-stress-eraser/
http://www.lifematters.com/emwave.asp
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GSR Measurement: Traditionally electrodes are placed on the fingers or palm of hand (although this 

limits dexterity) or on the feet (although this results in measurements that are dependent on posture). 

Although the Army recently used an arm band called the SenseWear Pro2 to measure stress.  Other 

stress sensing products available to consumers include the Pip, Mindfield eSense Skin Response, GSR2 

and the GSR2/Temp. 

SenseWear Pro2 (*cost unknown) – small, lightweight armband worn on the back of the upper 

arm to enable continuous physiological data collection including movement, heat flow, skin 

temperature, ambient temperature and GSR. It runs 14 days on a single charge and stores 14 

days of continuous data.  ** This products was previously sold by Body Media, but it does not 

appear is currently being sold.     

The Pip ($179) – small, handheld device that measures electrodermal activity when fingertips 

are applied to its two gold plated sensors. The sensors detect eight times per second and the 

charge lasts for eight hours if the device is run continuously. The stress data is displayed through 

smartphone apps, and it connects to six different apps created by the manufacturer including 

Loom, Relax & Race and Stress tracker. However, it is not wearable and requires the user to 

initiate use to measure their stress as opposed to constant, ongoing monitoring. 

https://thepip.com/en-us/store/ 

 

Mindfield eSense Skin Response ($99) – uses two small sensors attached to the pads of two 

fingers to measure GSR using a free app and the microphone input of an iOS or Android 

smartphone or tablet.  Metal tabs on the inside of Velcro straps assist with attaching the sensors 

to the fingers. 

http://www.lifematters.com/esense-gsr.asp 

 

GSR2 ($74.98) – handheld device the size of a computer mouse, which reads GSR when the user 

rests two fingers on sensing plates. It turns itself on automatically when the sensing plates are 

touched. The device emits a tone indicating stress, where a high tone indicates high stress and a 

low tone indicates lower stress.   

http://www.lifematters.com/gsr2.asp 

 

The GSR2/Temp ($160) – same device described above, but it also uses a thermometer to 

monitor finger temperature and uses a meter that displays changes in temperature. 

Additionally, it also includes a hands free GSR finger sensor. 

http://www.lifematters.com/gsrtemp.asp 

Blood Pressure (BP) 

BP is an indicator of stress but can be difficult to measure. The most accurate measurement is invasive 

(needle inserted in artery). Other measures are cumbersome and likely not practical for continuous 

monitoring (inflatable cuffs). 

 

https://thepip.com/en-us/store/
http://www.lifematters.com/esense-gsr.asp
http://www.lifematters.com/gsr2.asp
http://www.lifematters.com/gsrtemp.asp


 
 

LiveWell RERC  Research Brief: Biosensors Page 4 

Breathing and/or Oxygen Saturation 

There are many references in the literature to breathing and respiration as indicators of stress. 

Respiration, (like heart rate) is highly mediated by the Autonomic Nervous System.    

Stress and anxiety alter respiratory rate and thereby alter oxygen saturation in the blood. Yet we did not 

come across many studies that investigated measuring either of these. This is interesting since many of 

the described interventions targeted at reducing stress relate to breathing, such as diaphragmatic 

breathing. Diaphragmatic breathing is thought to work to reduce stress by increasing oxygen supply 

while decreasing oxygen consumption and by decreasing heart rate and blood pressure while increasing 

theta wave amplitudes in electroencephalogram (EEG) recordings and HRV.  Products that measure 

breathing or oxygen saturation include the Spire and the LG Innotek Ultra Slim Optical Biosensor 

Module. 

The Spire ($150) – small, wearable device that measures breathing. It is worn on a bra or waist 

band of pants and connects to the user’s smartdevice via Bluetooth. We tested this some but 

questioned its accuracy. The manufacturer claims it detects states of calm, focus, activity and 

tension. It intermittently sends cue alerts to the user’s smartdevice to suggest strategy use 

when tension is detected, although this appears inconsistent ant there are no user controls for 

this. The coordinating smartdevice app has built in exercises called “boosts” to work on Focus 

(guided breathing while imagining letting go of stress), Calm (verbal guide for diaphragmatic 

breathing but no pace adjustments or visual cues), Energize (verbally guided alternate nostril 

breathing) and Meditate (verbal guide to breathe while drawing attention to the body). 

https://www.spire.io/ 

LG Innotek Ultra Slim Optical Biosensor Module Pro2 (**cost unknown) – ultra slim, small 

optical biosensor that measures oxygen saturation levels, heart rate and other stress indices 

(although it is not clear which ones). LG’s website reports a fairly low range of error during 

exercise and stable conditions. **This product appears to be either be in development and is 

not yet available for purchase or is available for manufacturers of smart devices and wearables 

and will be installed when such devices are produced. 

http://www.lginnotek.com/community/news_view.jsp?seq=602 

Temperature 

There is not much literature on temperature as an indicator of stress, but commercial products exist. It 

is well established that skin temperature decreases as anxiety increases. This seems to be a 

complementary measure added to increase accuracy of other measures but may not be a valid indicator 

on its own. Many products exist, including Quick Stress Test Biofeedback, BioDots, Stress Thermometer 

and The Mindfield eSense Temp. 

Quick Stress Test Biofeedback cards ($30) – cards that measure temperature and display the 

data with color change, much like a mood ring. 

http://bio-medical.com/products/20-stress-control-cards-bmi-logo.html 

https://www.spire.io/
http://www.lginnotek.com/community/news_view.jsp?seq=602
http://bio-medical.com/products/20-stress-control-cards-bmi-logo.html
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BioDots ($2 for 100) – wearable dot shaped stickers that work similarly to the cards described 

above. 

http://www.biodots.net/  or 

http://www.stressstop.com/products/product.php?pid=5 

 

Stress Thermometer ($22) – thermometer that measures finger-tip temperature. 

http://bio-medical.com/products/stress-thermometer-sc911.html 

 

The Mindfield eSense Temp ($99) – uses a temperature sensor, a free app and the microphone 

input of an iPhone, iPad, iPod touch, or Android device to measure hand temperature for 

training the relaxation response and changing cold hands into warmer hands. 

http://www.lifematters.com/esense-temp.asp 

Other Stress Sensing to be explored: 

Electrocardiogram (ECG), EEG, electromyography (EMG), muscle tension and speech also should be 

explored. ECG, EEG and EMG products include Neurosky products and Biozen. Additionally, several 

companies, such as Mbient Lab, are beginning to develop and market wearable health sensors intended 

to be used by developers.  

 

Neurosky – company that has developed an ECG stress biosensor with biometric algorithms. 

http://neurosky.com/.   

 

BioZen – mobile application developed by The National Center for Telehealth & Technology  to 

provide users with biofeedback data collected from wearable body sensors that  measure  

biophysiological signals, EEG, EMG, ECG, GSR , respiratory rate and temperature. 

http://t2health.dcoe.mil/apps/biozen 

Mbient Lab – company aimed at developing turnkey wireless solutions. Their Metawear line 
includes their MetaHealth sensors which are miniature, lightweight sensors that can be 
embedded in wearable devices to measure GSR, heart rate, temperature and movement. 
https://mbientlab.com/sensors/ 

 

About the LiveWell RERC 
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90RE5023).  The opinions contained in this website are those of the LiveWell RERC and do not 
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information, please visit www.livewellrerc.org. 
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