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Biofeedback Assisted Relaxation Training Using the Pip 

The Pip is a state-of-the-art solution for biofeedback assisted relaxation training (BART). The purpose 

of this document is to provide scientific and technical background as to how and why this solution works 

and to highlight the sophistication and optimisation of each individual element of the platform in 

providing a scientifically sound, consumer-focused BART experience.  

Section 1 describes the origins and development of research into Electrodermal Activity (EDA) – the 

biometric underlying the Pip’s operation.  

Section 2 details the link between EDA and stress, followed by a discussion of the application of 

biofeedback to stress management in section 3.  

Key issues and requirements for robust measurement of EDA in everyday environments are provided 

in section 4. 

Section 5 discusses the appropriate analysis of EDA data for the purposes of BART. 

Finally, section 6 summarises key features and implementation details that distinguish the Pip platform 

as the best-in-class solution for consumer-friendly BART. 

1. The History of EDA Research 

EDA is the scientifically accepted term denoting all electrical phenomena occurring in the skin and is a 

long-known and thoroughly researched phenomenon. 

A historical overview of research in the area is provided in Boucsein’s “Electrodermal Activity” [1], 

perhaps the authoritative textbook on the subject.  

The term EDA was first introduced by Johnson and Lubin in 1966 as a replacement for the older, broadly 

synonymous “Galvanic Skin Response” (GSR), which is still commonly used today.  

The earliest investigations into EDA were performed by DuBois-Reymond in Germany, in 1849. When 

his test subjects placed either both hands or both feet into a zinc sulphate solution, he observed that 

an electrical current flowed between the immersed limbs.  

The first experiment that demonstrated a connection between sweat gland activity and electrical 

current flow in the skin was conducted by Hermann and Luchsinger in 1878. Subsequently, Hermann 

confirmed that skin regions exhibiting more pronounced sweating, such as the palms and fingers, 

exhibited greater skin current than other sites, such as the wrists and elbows. 

The link between psychological factors and the elicitation of EDA was first established by Vigoroux in 

1879. In 1888, the French neurologist Féré conducted a seminal experiment in which he observed a 

decrease in the electrical resistance of the skin following sensory or emotional stimulation in hysterical 

patients. 

In 1907, Carl Jung [2] employed EDA as a measurement variable when seeking responses to emotional 

stimuli invoked by certain words. 

By the end of the 1920s, the early phase of EDA research petered out. Improvements in equipment for 

psychophysiological research led to a second wave of research and applications starting in the 1950s. 

Since then, the use of EDA in psychophysiological research has proliferated. For example, in 1972 

Edelberg estimated the number of publications in the field as exceeding 1500. Subsequently, a wealth 
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of studies have been published. As of 2007, Dawson et al asserted that EDA measurement is “one of 

the most widely used… response systems in the history of psychophysiology.” 

2. Electrodermal Activity and Stress 

The eccrine sweat glands are exclusively innervated by the sympathetic nervous system (SNS). The SNS 

is that part of the autonomic nervous system (ANS) responsible for mediating the “fight or flight” 

response. When an individual experiences a stressor, the SNS (activated by the hypothalamus — a key 

brain structure in stress reactivity) triggers numerous physiological responses to prepare the individual 

to deal with the perceived threat [3].  

Among these, the SNS causes the sweat glands to contract, resulting in increased perspiration, which 

in turn leads to an increase in the electrical conductance of the skin. These variations in skin 

conductance can be robustly measured by a suitably designed device.  

While a theoretically rigorous definition of stress is difficult to formulate, Greenberg [3] defines it in the 

operational sense as “the combination of a stressor, stress reactivity, and strain. That is, a stimulus is 

presented that has the potential to trigger a fight-or-flight response (the stressor) that elicits 

physiological changes (stress reactivity) that, in turn, results in physical, psychological, or behavioural 

consequences (strain).” 

Studies have confirmed the link between mental stress and elevated skin conductance. For example, 

Jacobs et al [4] report that “skin conductance level appears to be a more stable and reliable index of 

autonomic arousal than blood pressure or heart rate in response to serial mental stress testing.”  

In a study investigating the effect of relaxation training in children, Lohaus et al [5] observed that 

imagery-based relaxation training was clearly associated with a decrease in skin conductance level. 

3. Biofeedback and Stress Management 

Yates [6] defines biofeedback as “the display of some aspect of the physiological functioning of the 

individual with the expectation that observation of the characteristics of the display will enable the 

individual to attain increased voluntary control of the physiological function being displayed.” 

A biofeedback system carries out three functions: 

1. Measuring the physiological parameter of interest 
2. Converting this measurement to some understandable form 
3. Feeding back this information to the person who is learning to control his or her body processes 
 
Early research into biofeedback focused on demonstrating that body processes previously believed to 

be involuntary could, in fact, be brought under voluntary control. Specific experiments confirming this 

capability in relation to skin conductance were conducted in the 1960s by Kimmel and Hill [7] and 

Greene [8]. 

Biofeedback was first employed in a clinical setting in the 1970s. Since then, its use has increased 

dramatically and gained more widespread professional acceptance. For example, the Center for Disease 

Control in the US reported that, in 2007, there were almost two million visits to biofeedback 

practitioners by persons aged 18 and over [9]. 

In the context of stress management, the goal of EDA biofeedback is to train the user to gain voluntary 

control of their skin conductance in order to reduce arousal of the SNS. Since prolonged, excessive 



Biofeedback Assisted Relaxation Training Using the Pip    

 

© Galvanic Ltd. 2015, All Rights Reserved.  Page 3 of 5 
www.thepip.com 

 

arousal of the SNS is symptomatic of stress, the ability to reduce skin conductance enables the user to 

consciously reduce their stress levels.  

Early BART systems employed very simple acoustic or visual cues to provide users with information 

about their stress level. Subsequent research has shown that immersive, virtual environments with 

gaming-based challenges draw the user’s attention, making the training process more engaging and 

ultimately, leading to a more effective outcome [10] [11] [12]. 

The Pip’s suite of applications employ state of the art graphical and audio feedback and incorporate 

gaming elements in order to provide users with a rich and compelling training experience. Detailed 

performance metrics are also recorded and displayed, allowing both users and practitioners to track 

progress over the course of a training programme.   

4. Measurement of EDA 

In order to robustly measure skin conductance, and particularly skin conductance elicited as a result of 

so-called “emotional sweating”, a number of factors must be taken into account. 

Emotional sweating corresponds to increased sweat gland activity as a concomitant of psychological 

and especially emotional states which appear, for example, in high arousal or under stress. Two body 

sites are associated with emotional sweating – the palmar (hand) and plantar (sole of the foot) regions. 

In a laboratory setting, skin conductance is typically measured by affixing silver/silver chloride 

electrodes to two adjacent fingers of the subject’s non-dominant hand. The electrodes are prepared 

with a conductive gel, in order to make good electrical contact with the skin surface and to cushion the 

effect of motion artefacts. 

The concentration of sweat glands in the palmar region is higher (600-700 per cm2) than at other 

body sites (for example, 64 per cm2 on the back, 181 per cm2 on the forehead), making variations in 

the skin conductance easier to detect. The fingers are particularly suited to EDA measurement due to 

ease of access. 

Moreover, while the majority of the body’s sweat glands participate in thermoregulation (autonomous 

control of body temperature), the glands at the finger have been demonstrated not to be directly 

involved in thermoregulation [13]. In fact it has been observed that, under psychological stress, palmar 

and plantar sweating may appear together with vasoconstriction, which is paradoxical with regard to 

thermoregulation [1]. 

In everyday, non-laboratory settings, use of wired electrodes and conductive gels is impractical. Also, 

laboratory grade equipment is prohibitively expensive for the general consumer. Hence, for consumer 

applications, dry electrodes have been employed. The electrode-skin interface is critical for 

measurement sensitivity. The Pip device features patent-pending, gold-plated sensor discs that have 

been engineered for high electrical conductivity and optimised surface topology to maximise sensitivity. 

An inherent issue in measurement of EDA is the huge variation in skin conductance observed between 

individuals. For example, the tonic (baseline) skin resistance (the reciprocal of skin conductance) can 

range between 40kΩ and 2MΩ, i.e. almost two orders of magnitude. The Pip’s electronics address this 

issue by means of an adaptive feedback loop controlling the gain of its on-board analogue circuitry. The 

software and firmware controlling the Pip can rapidly and continuously tune the amplifier gain in real 

time to the optimum level for the individual user, in order to achieve the best measurement resolution. 
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5. Analysis of EDA for BART 

In general, when analysing skin conductance data, both inter- and intra-individual comparisons of the 

absolute value of skin conductance tend to be unreliable. In addition to the problem of the wide 

variation in tonic level described previously, even for a single individual the tonic level can change 

significantly in a relatively short period of time, making comparisons over extended periods dubious.  

For the purposes of biofeedback, the key information to represent is changes in the skin conductance. 

The Pip’s proprietary signal processing algorithm uses a statistical technique to classify changes in a 

sliding window of skin conductance data in real-time. For example, stress responses tend to manifest 

as reactions (spikes or pulses) in the data. These are particularly significant as they correspond to 

specific arousal of the SNS. Longer term downward trends are likely to correspond to a reduction in 

arousal of the SNS, corresponding to a more relaxed state. The Pip’s algorithm detects and classifies 

these features in a manner that is independent of the absolute skin conductance value, resulting in 

robust performance across the wide range of skin conductance encountered in practice.  

6. The Pip Platform 

The Pip platform – hardware, signal processing and applications – brings all the aspects discussed above 

into one easy-to-use, highly optimised, consumer friendly package, whose key advantages are: 

 Wireless, discrete and ergonomic form factor. 

 Highly intuitive user interface to minimise barrier to entry to non-technically minded users. 

 Finger-tip based for maximum responsiveness to emotional sweating.  

 Optimised sensor technology for robust and sensitive transducing of EDA. 

 Adaptive electronic circuitry for maximum measurement resolution. 

 Bespoke signal processing algorithm formulated specifically for the purpose of BART. 

 Sophisticated, gaming-based applications for smart-devices to maximise user engagement 

and training outcomes. 
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