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ABSTRACT 
The primary focus of this article is to advance in depth study of the neurological correlates of 

galvanic skin response (“GSR”) with the intention, on one hand, to clarify the neurological 

patterns produced during recording, monitoring and analysis of GSR, and on the other hand, to 

delineate the methodological profile that needs be followed during the recording of this GSR 

signal. The GSR should be recorded at rest and affected by different stimuli.  

 

Keywords: Galvanic skin response, GSR, protocol, GSR monitoring, GSR analysis, GSR signal, 

linear method, non-linear method, neurological correlates. 

 

 

Summary 
The present relation formulates the methodological criteria that the operator must follow during the 

recording, monitoring, and analysis of the GSR signal. The relation defines and prioritizes GSR 

signal evaluation under these different conditions: the GSR should be recorded at rest and affected 

by different stimuli, specifically: visual stimuli such as sudden bursts of light as well as images 

modified to create multi-level energetic allocations, that is, soft images but also more potent images 

able to induce strong visual perturbation, linguistic stimuli including words and phrases across a 

spectrum of energetic/affective presentation (neutral, soft, strong and shocking), tactile stimuli 

(again soft, sudden, and of short duration as well as strong, shocking and continued [of consistent 

duration]), addressing different parts of the body throughout the session. Auditory stimulus and 

olfactory stimulus will be included in the test procedures.  

 

All the stimuli may be repeated several times in order to evaluate habituation, memory, recall and 

other important neurological functions. Other stimuli may be used to foster memory load and stress, 

as well as conflicting semantic stimuli, respectively, to be represented in resultant numerical 

calculations reflecting mental performance, evidenced through Stroop effects, and every other 

cognitive demonstration. It is important to keep in mind that the most difficult step in maintaining 

accurate GSR monitoring and analysis, is to insure proper subjective evaluation of the manner in 

which a subject responds to different levels of visual input, sounds, words, language strings 
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(phrases) and tactile stimuli, in the context of habituation, meaning, the performance of subject 

response to repeated identical subsequent stimuli, or mnemic recall of previous stimuli. For proper 

evaluation of subjective parameters, that is calibration, it is necessary the explore a great variety of 

stimuli differentiated as previously described. The term calibration here refers to the fact that each 

subject has a subjective behavioral component in their GSR. Therefore, it becomes of fundamental 

importance to identify and estimate the basic parameters in his/her personal context in absolute 

values as well as in relation to standards, eventually established, tabulated and recorded from 

normal subjects constituting a large GSR database obtained by monitoring a suitable population of 

subjects.  

  

Consequently, the various responses to a defined stimuli have a particular, fundamental role in GSR 

monitoring that relates to the methodological profile since, under different conditions of stimulus, 

the operator may calibrate the recorded GSR subjective profile in terms of the basic parameters 

derived across population that characterize the phase of the GSR signal, such as Habituation, 

Latency Time under stimuli, Reaction Times, Peak Values subsequent to stimuli, Half Recovery 

Time following the peak amplitude of the phase, yielding a baseline value resultant of different 

stimuli, within the neurological correlates identified across a sampled population, allowing a 

correct, relative subjective analysis of the tone and of the phase of the GSR signal by Linear and 

Non Linear methodologies. Toward this end it is important to recall that GSR is an intrinsically non 

linear electrophysiological signal. Therefore its recording enables subsequent analysis based from 

one side on the fixation and estimation of basic established parameters such as latency, reaction 

times, peak amplitude, half recovery time, baseline compared at rest and after various stimuli as 

specified, and from the other, relating that baseline to aspects of the time series for the tone and 

phase of each subject subjected to analysis by non-linear methodologies. In this way we may 

ascertain the real inner structure of the complex electrophysiological signal. 

 

 

Introduction 
 

Galvanic Skin Response (GSR) is the measurements of the continuous dynamic variations of the 

electrical properties of the skin. A great many terms have been derived from various approaches 

both passive and active, such as: skin conductance, galvanic skin response (GSR), electrodermal 

response (EDR), psychogalvanic reflex (PGR), skin conductance response (SCR), sympathetic 

skin response (SSR) and skin conductance level (SCL). Often the term electrodermal activity 

(EDA) is now ascribed to the phenomenon (although Skin Conductance and the associated Skin 

Conductance Response are also common in modern literature) (Critchley, 2002). For the 

remainder of this essay, the more traditional term GSR will be used in conjunction with Skin 

Conductance (SC) and Skin Conductance Response (SCR). 

 

The traditional view holds that increased sweat gland activity which is a function of the 

sympathetic branch of the autonomic nervous systems, increases skin conduction, and allows 

measurement of said conduction to function as a measure of systemic arousal. Du Bois-Reymond 

in the mid-1800s first observed skin conductivity through emersion of limbs in zinc sulfate 

solution, and observation of muscular response affected by current. In 1878, Hermann and 

Luchsinger demonstrated the involvement of the sweat glands, and Hermann later derived 

increased conductance effects from the palms and hands supporting the role of perspiration in the 
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process. Correlations between affect and GSR were found in the late 1870s and 1880s, by 

Vigouroux and Féré respectively. In 1889 Ivane Tarkhnishvili developed a functional meter to 

demonstrate the effects as they unfolded in time. Modern scientific study of the phenomenon 

beginning in the early 1900s is partly credited to Jung, and specific reference can be found in his 

seminal work: Studies in Word Analysis, published in 1906. [Information condensed from: 

https://en.wikipedia.org/wiki/Electrodermal_activity] 

 

Emotional arousal in a nonspecific sense is tied to increased sympathetic system activity. 

Electrodermal resistance, and also (passive) electrodermal potential (associated with perspiration 

and blood flow), in their combination create the particular dynamic result. The response of skin 

and muscle to internal and external stimuli, can be measured as variations in the range of 

microsiemens (µS) conductance discrepancies over time. The esteemed Hugo D. Critchley has 

said: "EDA is a sensitive psychophysiological index of changes in autonomic sympathetic 

arousal that are integrated with emotional and cognitive states." (Critchley, 2002p. 132). GSR is 

still used extensively today (Ogorevc et al. 2013). 

 

Means and locus of specific applicability and basic signal parameters (See source 

http://www.psychlab.com/SC_explained.html): 

 

GSR/Skin-Conductance (SC) is typically measured with silver or silver chloride electrodes 

placed on the medial phalanx of the index and middle fingers secured by double sided electrode 

collars in conjunction with non-saline jell. The responses are a measure of subject 

(autonomic/sympathetic) arousal. The medial phalange of the fingers or palm are typical 

electrode application points, or in rare cases the heel of the foot is used. 

 

To determine SC, low voltage (~0.5V) is sent across properly positioned electrodes to measure 

conductance. 

 

Within general GSR indications of sympathetic systemic arousal then, we have detailed response 

components, onset, rise time, peak, and exponential decay. Although the relative level of 

conductance alteration itself provides only general information concerning systemic arousal, the 

component dynamics may be interactively interpreted as to both their linear and nonlinear 

attributes to ascertain specific information about detailed affective response (Wang, Liu and 

Yang, 2014; Karthikeyan, Murugappan, and Yaacob, 2013). 

 

 

Neuroanatomical Circuit Pathways & Structures Affecting GSR 
 

Jung referred to GSR as a sort of “looking glass” into the unconscious (Brown, 1977). As every 

psychologist is aware, that statement implies GSR contains much more affective information 

than just general arousal, in the context of fight or flight, as is the reductionist view of 

sympathetic arousal. Indeed, the full plethora of hidden (unconscious) physiological affective 

instantiations which create the valence of perceived reality must be involved. Indeed, this is so. 

 

Let us first delineate the relation between GSR and sympathetic connectivity so as to determine 

if GSR is indeed an accurate measure of autonomic sympathetic systemic response. The sweat 
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glands are exclusively innervated by the sympathetic nervous system, and are activated via 

postganglionic sudomotor fibers (Benedek and Kaernbach 2010). A collective temporal grouping 

of single fiber triggering spikes is called a nerve burst, which corresponds to a single SCR. SCR 

amplitude then, may be taken as a measure of sympathetic activity. The SC time series 

demonstrates: a. slowly changing tonic activity, i.e., skin conductance level, and b. rapidly 

changing phasic dynamics ie. SCRs. The train of SCRs present as a series of superpositions, the 

slowly declining portion of the last SCR overlapping the next SCR. Clearly, GSR is a highly 

exclusive window into the activational state of the sympathetic nervous system, although at this 

point in it is not exactly straight forward as to how an indistinct phasic component might best be 

extracted from the superposition (Boucsein,1992). Suitable methods of phasic analysis will be 

presented below. 

 

Next, we must observe the relationship to sensory processes and input. The prolific innervations 

of the sympathetic nervous system, extend to nearly every organ and bodily structure. 

 

 

Visual stimulus 
 

The lateral geniculate nucleus of the thalamus receives information from the retina and 

distributes it to area V1. 

 

In the most general sense, from area V1: the superior longitudinal fasciculus includes axons 

terminating in the posterior parietal cortex, where object location ("where" information) is 

derived, and, the inferior longitudinal fasciculus contains axons terminating in the inferotemporal 

cortex, a region implying object identification ("what" information) (Gazzaniga et al., 2009, p. 

209). Initial lesioning experiments with monkeys implied this reasoning (Pohl, 1973). 

 

Processing, is refined via the progressive signal chain of visual areas, each with more detailed 

functionality. the ventral intraparietal sulcus (VIP) is where visual and somatosensory 

information are integrated. Then, in Brodmann Area 20 (Inferior temporal, Fusiform and 

Parahippocampal gyri) and other areas, the processing is recombined into integrated perceptual 

wholes (Gerlach 2002). The medial temporal lobe, along with limbic connectivities may well 

provide integrative information and directly aid in perceptual processing apart from the 

commonly acknowledged role as an exclusive memory system (Lee and Rudebeck 2010; Murray 

and Mishkin 1998). Object recognition is dependent on the Rhinal cortex (which is part of the 

medial temporal lobe) (Murray 2000). 

 

In vision, the sympathetic nervous system dilates the pupil and has other known connectivity: 

 

a. mydriasis- contract pupillary dilator muscle (alpha 1 receptor) 

b. contract superior tarsal muscle to hold eyelid open (alpha 1 receptor) 

c. Relax ciliary muscle for distant vision (ß2 receptors) 

d. Enhance aqueous humor formation (ß2 receptors) 

e. Inhibit aqueous humor formation (alpha 2 receptors) 

[Information Retrieved from: http://www.uruq.com/download/3159.html] 
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Tactile Stimulus 
 

“There are different types of skin receptors that respond to and transmit stimuli. 

Pacinian corpuscles and free nerve endings are found in both hairless and hairy skin. 

The Pacinian corpuscles vibrations, corpuscles are skin receptors that receive stimuli 

associated with high frequency while free nerve endings receive pain stimuli. 

Meanwhile, the Meissner’s are exclusive in hair skin and respond to low frequency 

vibrations and pressure stimuli. Other touch receptors include Merkel’s disks (pressure) 

and Ruffini’s corpuscles (low frequency vibrations). 

 

The sensory information from the receptors is transmitted through either one of the 

three systems: (1) dorsal-column-medial lemniscal system (touch and proprioception), 

(2) anterolateral system (pain and temperature), or (3) spinocerebellar system 

(proprioception) towards the dorsal columns. From there, the input is transferred to the 

thalamus, which then relays the information to the primary somatosensory cortex for 

processing” (Retrieved from https://explorable.com/neural-pathways-of-smell-taste-

and-touch) 

 

The sympathetic nervous system deeply affects skin receptors and smooth muscle structures and 

is intimately tied to the sense of touch, as well as exclusively innervating sweat glands as 

mentioned above (Efes, 1992). 

 

 

Sensory signaling in Olfaction 
 

"Information is conducted from the olfactory bulbs by the lateral olfactory tract to the 

primary olfactory cortex. From there, it goes to the thalamus (mediodorsal nucleus) 

and on to the orbito-frontal cortex where conscious smell perception occurs. Primates 

also have a pathway that runs from the thalamus to the amygdala which is part of the 

limbic system, and then on to the hypothalamus. The limbic system is involved in the 

perception of emotions and is responsible for the "affective" component of smell. This 

may explain why scents can engender strong emotions and/or take us back to previous 

experiences" (Retrieved from: http://www.ucalgary.ca/pip369/mod8/smell/pathways). 

 

Sympathetic nervous system in olfaction:  

 

“The olfactory epithelium is extensively innervated by sympathetic nerve endings, 

which release norepinephrine, and parasympathetic nerve endings, which release 

acetylcholine. Because olfactory sensory neurons have adrenergic and muscarinic 

receptors in addition to odorant receptors, autonomic stimulation can modulate the 

responses of olfactory sensory neurons to odorants.” (Hall, 2011). 
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The sense of taste 

 

"The tongue contains small bumps called papillae, within or near which taste buds are 

situated. In the tongue’s taste buds, the taste receptors receive sensory input via two 

important mechanisms – depolarization and neurotransmitter release. Intake of salty 

foods leads more sodium ions to enter the receptor, causing the said mechanisms. The 

same is true with intake of sour foods (hydrogen ions) and sweet foods (sugar 

molecules), both of which result to the closing of K+ channels upon their entry. 

 

From the axons of the taste receptors, the sensory information is transferred to the three 

taste pathways via the branches of cranial nerves VII, IX and X. The chorda tympani of 

CN VII (facial nerve) carries the taste sensory input from the tongue’s anterior two-

thirds. Then, the rest of the taste sensations from the throat, palate and posterior tongue 

are transmitted by the branches of CN IX (glossopharyngeal nerve) and CN X (vagus 

nerve). From these cranial nerves, taste sensory input travels through the nerve fiber 

synapses to the solitary tract, the ventral posteromedial thalamic nuclei, and the 

thalamus. In these three locations, there are clustered neurons which respond to the 

same taste (sweet, sour, salty or bitter). The thalamus relays the information to the 

primary gustatory cortex located in the somatosensory cortex. The primary gustatory 

cortex is where the perception of a particular taste is processed." [Retrieved from: 

https://explorable.com/neural- pathways-of-smell-taste-and-touch] 

 

Sympathetic nervous system and taste: sympathetic responses delineate between healthy and 

unhealthy food choices and quantities (Rousmans, 2000). 

 

 

The sense of hearing 
 

“The inner ear consists of the cochlea and vestibular apparatus. The cochlea is a 

component of osseous labyrinth that contains perilymph and the cochlear duct. The 

cochlear duct is a component of membranous labyrinth and contains endolymph. The 

cochlea makes 3.25 turns in the dog (2.5 in man) around a core of bone (called the 

modiolus) through which the cochlear nerve passes. The entire complex resembles a 

snail’s shell (whence the term cochlea is derived). Within the cochlea, the cochlea duct 

(scala media) separates two perilymph chambers: the scalavestibuli, which contacts the 

oval window membrane, and the scala tympani, which contacts the round window 

membrane. Perilymph can flow from one scala to the other through an opening 

(helicotrema) at the apex of the cochlea. The helicotrema is non-functional with respect 

to the physiology of hearing, it merely precludes perilymph stagnation.”

 [Retrieved from: http://vanat.cvm.umn.edu/NeuroLectPDFs/LectAuditorySys.pdf] 

 

Sympathetic nervous system in hearing: The cochlea is innervated by the sympathetic nerve 

fibers. Sympathetic functioning levels appear to mediate trauma (Wada, 1999). 

 

And of music: "specific features of music (e.g., its beat, tempo, or pitch level) trigger 

neurophysiological, psychophysiological, emotional, and behavioral responses. . . continued 
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work within these different paradigms may reveal a common finding: that the ANS serves as the 

final common pathway by which music exerts a therapeutic effect on health and disease" (Ellis 

and Thayer, 2010, pp. 323-324). 

 

 

Language & GSR: 

 

Response to words is a “unidirectional” measure, meaning it reflects only the strength of an 

attitude. Smith in 1922 discovered that GSR deflections are associated with affectively laden 

topics. Mc Curdy in 1950 disclosed after reviewing the literature that a very significant +.75 

correlation was found between the size of an electrodermal response and affective vividness. 

Affective directionality was not indicated, only response strength independent of positive or 

negative valence (Petty et al., 2014). 

 

In (Barry, 1980) we read that the response of subjects to words is deeply related to the 

personality structure of the subject being examined. Affectively inhibited subjects, display less 

response. 

Is there more depth to be had in ascertaining affective response and internal state? Is there a 

better approach with more information gained? We believe there is. 

 

 

 

A New Model 
 

Next we may consider a specific model of sympathetic and parasympathetic interactivity, “A 

topological model of biofeedback based on catecholamine interactions" (Basak et al. 2005). A 

model is presented in which the subject’s condition may be assessed within the context of 

biofeedback as represented in mathematical analysis of the component response structures 

comprising GSR, which may be seen as dissipative or conservative, allowing internal subject 

states to be quantified. Dissipative response structure evidences changing dynamics by way of 

diminishment within the transduction phase, which will be evidenced as a declining exponential 

function. A conservative system response by contrast is characterized by rising phases, which are 

hypothesized to be due to sustained levels of catecholamines.  

 

Through the mutual innervation of sympathetic and parasympathetic systems within the 

hypothalamus, an effect is advanced where sympathetic activity is mediated by parasympathetic 

interactivity under the particular moniker of parasympathetic stimulation. Transduction phase 

analysis is proposed to derive correlations with pathogenic conditions such as migraine and 

psychosomatic digestive disorders. Negative feedback curtails excessive response unless a 

pathological condition is in evidence. Phasic components have a residual factor, also. Residual 

homeostatic output level, ΔV, is correlated with GSR. This correlation is understood in the 

context of long lasting residual homeostatic response associated with “sustained catecholamine 

action.” The familiar balanced interdependence of sympathetic and parasympathetic branches of 

autonomic functioning in the context of adrenergic and cholinergic mediation is detailed and 

described in this paper. We see how “noradrenergic enhancement is diminished as cholinergic 

neurotransmission becomes established.” 
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So through analysis of conservation in systemic expression (conservative dynamics increasing 

transduction effects) vs. dissipative dynamism (reduction in transduction effects) as understood 

in the context of adrenergic and cholinergic receptor activity, a mathematical assessment of 

pathological internal state associated dynamics is possible. Systemic input may be auditory, 

visual or tactile. It is demonstrated how subject response to stimuli within the context of 

biofeedback may thus provide a graded pathologic systemic metric. 

 

This proposed theoretic methodology may then be generally applied as follows: A recording 

of the tone and phase of the GSR signal is compared with the subject at rest and under external 

stimulation. Sensory modalities include those of sight (utilizing various strengths and visual time 

durations), tactile stimulus (of various durations, somatic targets, distributions and strengths), 

phrases and words (of various affective presentations from delicate to shocking) and sounds. 

Each stimulus type and specifically mediated presentation then, can be assessed and attributed to 

specific neurological dynamics inferred from the revealed GSR pattern analysis. To determine 

the responses properly in their subjective specificity, a clear reference value must be first 

established. This will yield the patterning to be analyzed, once framed in a proper referential 

context. This is accomplished through tripartite analysis of: a. latency time, of b. peak amplitude 

and of c. half-recovery time, which are of course essential. Recording, monitoring and analysis 

of the habituation factor is also required. However, a complete analysis will not stop short of the 

deeper facts revealed through direct use of non-linear-chaotic-deterministic tools. Those may 

allow the realization, of Jung’s vision. We must now progress toward that end, and gain a mid-

level anatomical analysis to go with what we have derived, before completing the picture. 

 

 

Anatomical activations associated with GSR: Now that we have articulated a suitable 

framework within which GSR signal interpretation may be instituted, and then advanced a 

general theoretical approach to experimental construction within said framework, it remains for 

us to demonstrate the proposed patterned anatomical specificity activated in association with 

GSR. Can active brain states across time and their corresponding anatomical structures be 

inferred from GSR to a deeper level of connectivity, allowing the autonomic/sympathetic 

measure of GSR a window into more complex organizational levels of cognition? 

 

In (Critchley, 2002) we find the next level of connectivity into the deeper system is indeed 

available to articulate. Here, the seemingly peripheral sympathetic system, which we now know 

informs us also by way of its intra-connected balance within the autonomic whole of homeostatic 

functioning, also contains demonstrable correlations to deeper levels of affective and attentional 

anatomical specificity, just as our general experimental outline would require (please see the 

original article for inter-text citations embedded within the following quotation): 

 

“Within the hypothalamus and brainstem, there exists a discrete set of brain regions 

involved in homeostatic control of sympathetic arousal that controls peripheral EDA via 

ipsilateral descending connections to the spinal cord. The autoregulatory functions of 

these brain regions are dynamically modulated to adapt bodily arousal to meet the 

demands of behavior. It is this second-order modulation, manifest in discrete peaks of 

electrodermal activity (SCR, GSR), that has been the basis of the application of EDA to 

psychophysiological research. 
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“Higher” brain regions that influence EDA include the ventromedial prefrontal cortex, 

anterior cingulate, parietal lobe, insula, amygdala, and dorsolateral prefrontal cortex. 

There are distinct anatomical contributions to the contextual control of EDA: The 

ventromedial prefrontal cortex and amygdala are associated with EDA responses during 

motivational behavior, but they differ in their specific roles. Thus, the ventromedial 

prefrontal cortex is involved in anticipatory EDA responses, whereas the amygdala is 

implicated in EDA responses to learned associations between stimuli and reinforcement 

(e.g., during fear conditioning). There is also evidence suggesting that a primary role for 

the anterior cingulate cortex is to integrate autonomic bodily states with behavior 

(Critchley and others 2000a, 2001a, 2001b). Thus, anterior cingulate activity varies with 

EDA responses to emotive stimuli (Fredrikson and others 1998), and anticipatory EDA 

in the context of risk (Critchley and others 2001a), and is also associated with volitional 

modulation of EDA responses (Critchley and others 2001b). The interaction between 

EDA-indexed arousal and attention is perhaps of more general importance. A critical 

area for visual attention is the right parietal cortex. Lesions here not only impair 

attention but also diminish EDA responses (Tranel and Damasio 1994; Zahn and others 

1999; Tranel 2000), and right parietal cortex activity covaries with EDA (Critchley and 

others 2000b). These findings suggest commonality in the neuroanatomy supporting 

both attention and bodily arousal, consistent with the use of EDA as an index of 

attention and the observation that attention is directed toward stimuli that evoke arousal 

(e.g., Lane and others 1999).” (Critchley, 2002). 

 

Now that basic attentional, affective and anatomical connectivities represented in GSR have been 

presented, we need but go one step deeper to ascertain the complete picture, so as to determine 

the full measure of systemic information which might be derived, before suggesting the 

mathematics to accomplish these ends. We conclude: systemic imbalance at all levels of 

psychological and neuroanatomical depth may be ascertained through further development of 

this model of analysis. To perturb the autonomic system with specific modes of stimulation will 

reveal in linear vs. nonlinear, and, conservative vs. dissipative transduction phase analysis: 

causal underlying psychological states, dynamics and pathology. Observation of manifest 

autonomic sympathetic functioning, reflects a copious and rich measure of psychophysical state 

specificity, if properly analyzed within the context of associated phase transduction, chaotic-

nonlinear and linear aspects. That analysis extends past behaviorist inferences, into the very 

depths of affective assignment. 

 

To accomplish this we must ask: How does the basic affective repressive regulatory circuitry and 

mnemic affective processing interact with cortical and limbic expression, as related to GSR? 

 

Limbic/OFC circuits and related structures, their dynamics and GSR: Now that we have 

drawn out a general picture of the basic connectivities of the sympathetic branch of the 

autonomic system (and balanced parasympathetic dynamics), we need complete the picture and 

add the increased complexity of the related mnemic, cortical and limbic affective structures as 

they intersect, integrate and cross-modulate affective expression in internal ideation and external 

stimulus processing. Neural activity occurs across brain structures, and must be assessed as such 

(Norman, 2016). Then the limit, abundance of information and analytic potential can be fully 
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appreciated. A circuit analysis set in a primary developmental context related to object quality 

and repression is required. Are the structures involved correlated with GSR? How deeply might 

GSR be able to peer into the hidden human questions of health and illness? 

 

 

Affective Regulatory Circuitry analysis: Schore has discovered two circuits which are primary 

in development, and function in opposition to each other: the dopaminergically modulated 

sympathetic ventral tegmental limbic circuit, and the noradrenergically modulated lateral 

parasympathetic tegmental limbic circuit [Schore as cited in (Kaplan-Solms & Solms, 2002 p. 

234-235)]. The sympathetic circuit, which we propose underlies intersubjective Alpha Function 

(Norman, 2013, 2014; Brown, 2011) is formed, much as Bion had supposed, as a function of the 

dyadic exchange between infant and mother of glance and gaze, and we will add an inference 

which is quite obvious and easily supported (Panksepp, 1998 p. 272; Keveren, 1989; Montagu, 

1978) as infants engaged in the exchange of maternal glances are usually being held, that 

maternal touch and the subsequent addition of neuropeptides/endorphins also have a part to play 

in creating the result: 

 

“It is hypothesized that maternal regulated high intensity socio-affective stimulation 

provide in the ontogenetic niche, specifically occurring in dyadic psychobiologically 

attuned, arousal amplifying, face to face reciprocal gaze transactions, generates and 

sustains positive affect in the dyad. These transactions induce particular neuroendocrine 

changes which facilitate the expansive innervation of deep sights in orbitofrontal areas, 

especially in the early maturing visuospatial right hemisphere, of ascending subcortical 

axons of a neurochemical circuit of the limbic system––the sympathetic ventral 

tegmental limbic circuit.” [Schore as cited in (Kaplan-Solms & Solms, 2002p. 234)] 

 

The sympathetic tegmental limbic circuit is dopaminergically modulated, and can rightly be 

thought of as a primary manifestation of libidinal excitation and discharge (Kaplan-Solms & 

Solms, 2002 p. 237). It should be noted that the dopaminergic and opioid systems and circuitry 

which respond to create the good feelings which reinforce socially mediated behavior, both 

involve many of the same areas, such as the ventral tegmental area, where the A-10 mesolimbic 

dopamine cells are located (Panksepp, 1998 p. 118). Neuropeptides such as the endogenous 

opioids including beta-endorphin which is triggered by social cues and touch, have a primary 

role in creating social bonds, quelling pain, both physical and mental, are key in alleviating 

separation distress, creating sexual reward, and addictive reinforcement (Panksepp, 1998 p. 255, 

264). So we can see here, in the formation of the sympathetic ventral limbic circuit triggered by 

maternal exchanges of glance, sight and touch, a source of libido, an energetic dopaminergic 

circuit which up- mediates arousal and shapes behavior, formed presumably by way of allocating 

both endorphins, and those neuroendocrine functions involved with encouraging the substantial 

innervations of dopaminergic projections into orbitofrontal areas. Here, in the activity of the 

completed circuit, along with the peptide systems, dopamine and opioids serve their reward and 

motivational functions as social and energetic contributors. 

 

The contrary circuit, the parasympathetic lateral limbic circuit, is to be thought of as a balance, a 

cut off, a competing inhibitory system to counter the rewarding energetic expression of the 

sympathetic circuit (Kaplan-Solms & Solms 2002 p. 237). This circuit functions to stop our 
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energetic libidinal expression: functional, conditional, affect regulation in response to social cues 

(ibid. pp. 234-238) and so, can best be understood as the physiological structure triggered by 

social disapproval: by shame and guilt. Both of these circuits are innervated into the orbitofrontal 

areas, which mediate social cues and functioning, just as one would expect. 

 

These two circuits provide in the resultant homeostatic balance, the basic emotional tone and 

underlying affective regulation in man, and may well be the true foundation of Empathy, of 

which mirror neurons are but a small imitative component subset (Norman 2013, 2014, 2016b). 

 

 

Connection between GSR & Human Affective Repression & Expression 
 

Is there a relation between GSR, and the activity of these primary dopaminergic and 

noradrenergically modulated sympathetic and parasympathetic limbic/OFC circuits? Is GSR able 

to assess sympathetic activity between the associated cortical areas such as the 

OFC/ventromedial prefrontal cortex and its connectivity to the limbic areas, circuitry so primary 

to the deep complexity of human affective states, and their hidden causes? Can GSR and 

linear/nonlinear analysis determine the essence of unconscious human affect? Yes, and as you 

will see, this is exactly as it should be-primary. 

 

In (Nagai et al., 2004) we read the following: “We examined neural activity related to 

modulation of skin conductance level (SCL), an index of sympathetic tone, using functional 

magnetic resonance imaging (fMRI) while subjects performed biofeedback arousal and 

relaxation tasks. Neural activity within the ventromedial prefrontal cortex (VMPFC) and the 

orbitofrontal cortex (OFC) covaried with skin conductance level (SCL), irrespective of task. 

Activity within striate and extrastriate cortices, anterior cingulate and insular cortices, thalamus, 

hypothalamus and lateral regions of prefrontal cortex reflected the rate of change in 

electrodermal activity, highlighting areas supporting transient skin conductance responses 

(SCRs). Successful performance of either biofeedback task (where SCL changed in the intended 

direction) was associated with enhanced activity in mid-OFC.” (p. 234.) 

 

Next, please recall that the primary affective regulatory and energetic expressive circuitry 

associated with the fundamentals of affective repression and release, is the core limbic/OFC 

circuitry: the sympathetic ventral tegmental limbic circuit [Schore as cited in (Kaplan-Solms & 

Solms, 2002 p. 234)], and the parasympathetic lateral limbic circuit. The connections between 

limbic structures and the OFC are primary (Norman, 2013, 2014). If GSR is to probe the true 

depths of human experience, it MUST demonstrate correspondence in its measurements, to these 

circuits which span the limbic system and OFC. For here we find the most primary 

regulatory/energetic mechanism which dispenses interest in the world (please think of 

Panksepp's SEEKING system (Panksepp, 1998), elation, shame and guilt (Kaplan-Solms & 

Solms, 2002). The OFC contains affective coding which spans population, and the limbic system 

is of course known as the affective mainspring (Chikazoe et al., 2014). These circuits are a 

primary basis of manifest human emotion. Is there reason to believe GSR can provide 

information about them? If so, it is clear, the unconscious itself in all of its nuanced complexity 

as the mediator of human conscious affect may be measured in its effects with GSR. 
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Indeed this is just the case. In (Frey, Zlatkina and Petrides, 2009) we read the following: “The 

results demonstrate that the right rostral orbitofrontal cortex is involved in the active encoding of 

novel tactile information, while a more caudal region of the orbitofrontal cortex, which is more 

closely connected with limbic and autonomic regions of the brain, was activated when subjects 

explored novel aversive tactile stimuli. These results suggest that the orbitofrontal cortex, 

through its connections with the limbic areas of the medial temporal lobe, influences the 

processing of incoming information and thus contributes to its encoding.” (p. 650.) [emphasis 

added] 

 

Also this: "Baseline GSR rates were recorded in microsiemens (lS) and were first obtained by 

presenting the subjects with familiar control stimuli (Control). Novel: GSRs to non-aversive 

tactile stimuli used in the PET novel tactile encoding condition. Aversive: GSRs to aversive 

stimuli used in the PET aversive tactile condition. Significant differences were observed between 

the aversive and the non-aversive tactile stimuli (paired t-test, P < 0.05)." (caption p. 652) 

 

And from p. 654: 

 

"After an initial baseline GSR trace was established, all subjects exhibited deviations 

from this baseline state that are characteristic of typical traces observed from 

sympathetic electrodermal activity (see Fig. 1). Although the responses varied across 

stimuli and subjects, significant statistical differences were found between all of the 

aversive tactile stimuli and five of the selected stimuli from the nonaversive tactile 

condition (paired t-test, t 5 1.92, df 5 7, P < 0.05). These findings imply that the 

aversive tactile stimuli led to elevated skin conductance levels and were likely more 

emotionally charged in comparison to the novel tactile stimuli. In the 

psychophysiological experiment, performance in the recognition memory test for the 

nonaversive tactile stimuli was 71.5% correct, sd 5 19.9, and for the aversive tactile 

stimuli was 88.5% correct, sd 5 6.4 (paired t-test, t 5 2.46, df 5 7, P < 0.05)." (p. 654 

ibid.) 

 

Of course it has long been known that proper functionality in biology can be fruitfully 

determined by nonlinear analysis (Panksepp, 1998, pp. 93-94; Kleick, 1987; Elbert et al., 1994; 

Freeman 1991, 1995; Lipsitz and Goldberger, 1992 p. 1808). It now makes good sense to read 

that positive affect such as happiness, has a distinct nonlinear signature derivable with GSR, for 

it is sympathetic limbic/OFC circuitry which distributes happiness/elation (Wang, Liu and Yang, 

2014; Kaplan-Solms & Solms, 2002). Ergo: nonlinear sympathetic autonomic systems analysis is 

appropriate to define the state. We may conclude that GSR contains encoding endemic to the 

deepest hidden affective responses in the human animal, and clearly understand, only a proper 

method of linear/nonlinear mathematical analysis is needed to extract this vital information. 

 

We retain, in accordance with (Basak et al., 2005; Wang, Liu and Yang, 2014) that a primary 

analytical emphasis on GSR further contextualized as to its linear/nonlinear attribution via 

inclusion of secondary variables such as EEG and ECG, within a primary 

dissipative/conservative transduction phase analysis, allows assessment of basic peripheral 

sympathetic responses in GSR to controlled multi-level stimulus including tactile, olfactory, 

general auditory (sounds), linguistic (words and phrases), and visual stimuli, so as to reveal 
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internal affective states and pathological categorization with accuracy never before achieved. 

Next we will detail the specific mathematics used to assess human affect, within this promising 

and important new analytic framework as has been developed and researched in our laboratory of 

electrophysiology in Bari at the S.T.M.P. 
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Addendum: Sexual Health, Pathology & Response Analysis via GSR 

 
Summary: 

 

Please recall the foregoing conclusions and analyses which have detailed the specific neuroanatomical 

activations and emergent sympathetic and parasympathetic connectivities including the inter-connective 

limbic and Orbito-Frontal Cortex (OFC) circuit pathways spanning the deepest psychological foundations 

and encoding on both conscious and unconscious levels, which may be revealed in GSR (Norman and 

Conte et al. 2016). The very deepest psychological factors springing from fundamental neuro- affective 

regulatory agencies may be assessed and measured. This vital work will be performed so as to aid and 

assess both individuals and couples who are dealing with sexual dysfunction using measurement of 

response to salient libidinal stimulus and resultant signal analysis. The quality of emotional content and 

symptom specific affective distributional signal components will be measured. Such work is no simple 

matter, and may well be substantially aided and sharpened through the addition of secondary variables 

such as Heart Rate (HR) and Heart Rate Variability (HRV), which just as GSR, demonstrate nonlinear 

characteristics. Tertiary variables are also discussed as they will aid the process of informational 

distillation. To gain access to the embedded information, a full and substantial knowledge across the 

disciplines of neuroscience, psychology, psychiatry, linear and nonlinear mathematical physics is 

required. Non-linear and linear analysis of component interactive dynamics in the GSR signal must be 

interpreted in accordance with the previously specified methodological framework. 

 

We conclude that: 

 
THE MONITORING OF THE GSR AND ITS SUBSEQUENT ANALYSIS BY LINEAR AND NON LINEAR 

METHODS IN SUBJECTS EXPOSED TO SEXUAL STIMULI IS OF BASIC IMPORTANCE TO 

CHARACTERIZE HIS/ HER SEXUAL AROUSAL AS INTERPRETED WITHIN THEIR COMPLETE 

ORGANIC AND PSYCHOLOGICAL PROFILE. 

 

THE SIMULTANEOUS USE OF HR (HRV) RECORDING WITH GSR WILL YIELD RESULTS OF BASIC 

IMPORTANCE AS DURING EXPERIMENTALLY CONTROLLED STIMULUS, COUPLED AND 

SYNCHRONIZED ANALYSIS OF THE PEAK PHASE OF THE GSR AND DECREASING (RESPECTIVELY 

INCREASING) HR, ENABLES US TO CHARACTERIZE THE EMOTIONAL/AFFECTIVE TYPE AND STATE 

OF THE SUBJECT. 

 

 

Rational: 
 
Why use GSR to probe the human sexual conundrum? The matter is complex, and the two sexes do not fit 

the same mold (Benson, 2003). Many studies have led to a series of contradictory, or at least overly 

complex results. It appears to use some measures of physical arousal such as vaginal blood flow, that 

women are able to generate evidence of excitation to more diverse stimuli than men (Chivers and Bailey, 

2005). But to use other measures, such as specific clitoral excitation evidenced through the clitoral 

photoplethysmograph, female responses are revealed as more specific (Gerritsen et al. 2009). 

 

In the case of the female, invasive means such as the vaginal photoplethysmograph (Geer, 2005), or in the 

male case the familiar penile plethysmograph must be used to gauge excitation. The clitoral 

photoplethysmograph does seem to have some specific measure of inhibition associated with its 

functional output (Gerritsen et al. 2009), but the device is physically invasive exactly as the others used, 

which include but are not limited to: 
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Vaginal Photoplethysmography, the Xenon-133 Washout and the Oxygen-Temperature method involving 

injection of a tracer intraepithelially in the posterior vagina, along with a vaginal suction cup holding a 

heated electrode, Vaginal and Labial Thermistors, Clitoral intracavernosal pressure measurement using a 

catheter inserted into clitoral cavernosal tissue, Pelvic Floor Electromyogram techniques using stainless 

steel wire electrodes and silver disc electrodes attached to the vaginal wall, and a host of other methods 

(Woodard and Diamond, 2009). 

 

Clearly GSR is less invasive than many of the other methods offered. However, on the surface it appears 

to be less specific. We assert: This is not so, and this false impression is due only to the fact that the 

highly complex nonlinear signal has not been properly analyzed within a modern multidisciplinary 

understanding of the appropriate mathematical techniques. Now, we are in a position to discover and 

make use of the embedded information contained in the GSR signal in the light of psychology and 

neuroscientific advancements applied within a proper model of linear and nonlinear analysis. This new 

approach to GSR will unearth the full potential of this safe, noninvasive diagnostic tool and demonstrate 

that it is capable of dynamic and precise systemic assessment. GSR measurement is a practical technique 

which will allow the detailed quantization of emotional and sexual aspects as they interact in the context 

of functional affective regulation, so as to yield a complete picture of the complexities of sexual 

functioning, regulation, and subjective experience. 

 

 

From psychology and neuro-anatomy to functional analysis: 
 
Sexuality is not a simple matter of excitation and pleasure for the purpose of procreation. The modern 

human is a highly complex, socially bound and convoluted animal and his/her resistances to internal 

drives and thoughts are as important as those drives themselves in assessing the situation of human sexual 

health and happiness (Freud, 1886- 1939).GSR once psychologically contextualized within the 

mathematical interactivity of secondary linear and non linear variables like HR and HRV, will open a 

window into the specific hidden processes of resistance, excitation and energetic expenditure which are 

human sexuality, pathology and health. 

 

Women often demonstrate conflicted and oppositional physiological and subjective aspects of sexual 

excitation (Castaneda, 2013 pp. 257–260). We deduce psychologically: Somatic (unconscious) 

indications of excitation are often paired with disgust or other subjective (conscious) reactions. This 

familiar process of reaction formation and repression of an ego dystonic drive/element, indicative of 

affective control and restriction, is demonstrated in female GSR responses to erotic material. In (Costa 

and Esteves, 2008) pertaining to the lack of previously predicted lateral distributions of female GSR 

response to erotic content we read: “. . . women are more able to control and inhibit emotions, inclusively 

sexual arousal . . . and regulatory control of sexual and emotional responses seems biased to the left 

hemisphere . . . . Thus larger left SCRs during the erotica exhibition could have reflected in part 

regulatory processes by left hemisphere structures, associated with voluntary regulation (or inhibition) of 

sexual emotions. . . . Moreover, dysregulation of otherwise adaptive inhibitory mechanisms might 

contribute to sexual dysfunction . . . ” 

 

GSR captures both expressed dynamic libidinal drive elements, and their inhibition and repression. 

 

The complexity of the specific operational intersection between neuroanatomy, somatic response and 

basic unconscious arousal as captured by GSR has now been articulated in deep detail. In a cursory way 

we may summarize the information as follows (see:) (Costa and Esteves, 2008): Sexual excitation is 

associated with areas which control GSRs. 
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Penile tumescence induced by viewing erotic material is associated with elevated activity in cingulate 

gyrus, insula, right anterior cingulate cortex and right thalamus, anterior cingulate gyrus, amygdala, and 

hypothalamus. Female orgasm is associated with hypothalamus, hippocampus, anterior cingulate gyrus, 

insula, and amygdala activation. 

 

Generally: fMRI studies indicate response to erotic material from anterior cingulate gyrus, insula and 

amygdala for both men and women, along with thalamus and hypothalamus for men. During orgasm in 

men right prefrontal activation is indicated and erotic material increases activation in the bilateral (mostly 

right) extrastriate cortices and right inferolateral prefrontal cortex, anterior cingulate gyrus and 

hypothalamus (Costa and Esteves, 2008). 

 

In order to untangle the interwoven complexity of excitation and restriction of affective expression 

endemic to the moral complexities and physical needs of patients, GSR phasic signal relations are key as 

they clearly contain within them the result of those highly complex interactions detailed above. The 

problem then, is to ascertain exactly how to interpret the information so as to extract and detail the current 

operational state of the patient’s fluid human mental dynamic. In order to do so, it will be helpful to add a 

second nonlinear component, such as HR, HRV, or perhaps also concurrent EEG in order to further refine 

the affective signal structure to be identified (Wang, Liu and Yang 2008). It is possible to extract the full 

potential of this technology through dissipative/conservative systems GSR signal analysis (Basak et al. 

2005) within a concurrent linear and non linear mathematical approach which is psychologically and 

neuroscientifically contextualized. Indeed, such linear and non linear analysis is the precise specialization 

of our group [references sharply abbreviated] (Conte and Lucas 2015; Laterza, Todarello and Conte, 

2013; Conte, 2012; Conte et al. 2009; Conte et al. 2004). 

 

 

Tertiary analytic methodologies: 
 
Due to the longstanding commitment of our group to the pursuit of specific mathematical tools and 

approaches to unearth the deep intersection between mentation, health and inherent nonlinear/chaotic 

process dynamics, we may offer further empirical and practical insight in order to further sharpen the 

picture. The very repetition compulsion itself which constitutes the fundamental unconscious resistance to 

change may be attributed a sort of fixated fractal structure, just as the interpretation of dreams, health and 

pathology may be assessed in terms of the trend toward or away from the constructive evolution of self-

similar complexity (Conte et al. 2008). Indeed, direct analysis of unconscious structures mediating peak 

experiences demonstrate clear fractal aspects (Norman, 2014). 

 

Our group was the first to use fractal analysis to gauge subjective aesthetic assessment of Rorschach ink 

blots, relating specific mathematics to human subjective and affective judgments (Conte et al. 2008). In 

fact, starting in 2011, our group performed routine monitoring and subsequent linear and non linear 

analysis of GSR using Rorschach ink blots as the input stimulus. This tertiary insight actively and directly 

applied in tandem with simultaneous primary and secondary signal analysis will unearth the fundamental 

state of balance and pathological constituency of the subject to be aided. 

 

In consideration of these insights our group is best suited to advance a complete psychologically, 

neuroscientifically grounded mathematics, capable of using primary GSR, in conjunction with secondary 

linear/nonlinear component measures such as HR/HRV and EEG, to be further augmented in the addition 

of tertiary fractal and multi fractal analysis of perceptive processes, so as to unearth the health and 

functional state of human psychopathology. In this way, we might best offer tangible and specific aid to 

the patient population in need of analysis and subsequent rightly directed treatment. 
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Conclusion: 

 
Sexual health in the human animal is a highly complex and detailed interactive phenomenon which spans 

many brain regions and somatic targets, yielding a delicate balance between inhibition and expression. 

The same component areas which create this complex dynamic, are those which demonstrably affect 

GSR. GSR, alongside concurrent non-linear analysis of other signal sources such as heart rate (HR) heart 

rate variability (HRV) and EEG, if properly interpreted within the correct experimental and mathematical 

methodology, may then derive deep insight into conscious and unconscious dynamics and so, aid in 

patient taxonomy while pointing up highly specific avenues of therapeutic approach. 

 

Next in this series, we will relate common sexual pathology and dysfunction to the social factors which 

exacerbate this problem, and then, offer a potential safe therapeutic solution, as well as a method to test 

its efficacy while establishing a nonlinear GSR socio-affective metric. 
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