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FOREWORD 

As aa. individual thinks, makes simple or complicated judge¬ 

ments, and experiences ©motions, Ms physiology 'undergoes subtle 

or profound changes reflecting the close relationships between 

physiological and psychological processes. Many of the physio¬ 

logical processes manifest themselves as electrical activity in 

the human body and are conveniently measured by present day 

electronic techniques. Studies of human behavior are making 

increasing use of changes in these bioelectric potentials to to¬ 

day investigators find themselves studying many and various 

aperiodic waveforms of the bioelectric potentials. The large 

amount of data recorded as bioelectric potentials presents a 

complex: problem to analysing and abstracting the significant 

changes that may indicate changes to psychological processes. 

to th|s investigation, an automatic analysis system Is de¬ 

veloped for one of toe frequently used bioelectric potentials, toe 

Galvanic Skin Reflex (GSR). The analysis process Is Orientated 

toward relating parameters of Galvanic Skto Relies activity to 

an individual’s degree of neurophysiological arousal and to 

measures of group interactions among several individuals. Tire 

analysis process was carried out with an analog computer and 

was completely automatic. Use of too analog computer gave a 



versatile and convenient method for experimenting with the data 

to determine what parameters of the GSR activity are significant 

in reflecting psychological changes* what parameters are suit¬ 

able for automatic analysis*, and finally, to formulate the require 

ments for building a GSR analyzer* 
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AN INVESTIGATION IN AUTOMATIC 
ANALYSIS OF THE GALVANIC SKIN RESPONSE 

I. BASIS FOR THE INVESTIGATION 

The Bioelectronics Division, of the Houston State Psychiatric 

Institute perforins studies in the areas of Social-Psychological and 

Physiological research in which it seeks to characterize relation¬ 

ships between psychological and physiological processes. Experi¬ 

ments are designed which involve concepts from both disciplines 

and seek to describe a profile of physiological data that allows de¬ 

finition and characterization of certain psychological processes. In 

effect, efforts are made to define a pathway from physiological 

measures to a detection of psychological structure and definition in 

an individual. 

One important aspect of the general problem is to relate signifi¬ 

cant changes in physiological measures to an individual's degree of 

arousal as he operates in a group of individuals, performs psycho¬ 

motor tasks, or is subjected to various stimuli designed to force 

emotional responses. If an individual's degree of arousal can be 

defined as he is subjected to a field of well planned stimuli, then 

knowing his degree of arousal to each stimuli will aid in character¬ 

izing his psychological responses. In studies to monitor an 

individual's degree of arousal, measurements are made of such 

physiological data as the electroencephalogram (bioelectric potentials 

of the brain), the galvanic skin reflex (transients in skin resistance), 



the electrocardiogram (bioelectric potentials from the heart muscle)* 

respiration* blood pressure* and various others.* 

To relate the degree of arousal to physiological activity, a certain 

level is induced by drugs, or a person is observed by trained 

sociologists and psychologists while he performs various functions 

designed to stimulate a certain degree of arousal; then measure¬ 

ments of the desired physiological activity are recorded simultaneous¬ 

ly for correlation. 

One of the most widely used indices to monitor degree of arousal 

is galvanic skin reflex activity. ^ The purpose of this investigation 

is to study the problem of automatically analyzing the physiological 

data from this activity. Consideration is given to the question of 

what type of analysis should be performed to reflect significant 

changes in psychological processes, to determine what changes in GSR 

activity are suitable for automatic analysis, and to develop the 

necessary electronic equipment to perform the analysis automatically. 
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H* PHYSIOLOGICAL CHARACTERISTICS OF ELECTRICAL 
ACTIVITY IN THE SKIN 

Three electrical phenomena have been observed in the skin; one 

is a resistance to an applied direct current* commonly referred to 

as basal resistance. The second is a transient in this basal resis¬ 

tance lasting on the order of a few seconds* and always following 

sensory or emotional stimuli; it is known as exo somatic galvanic 

skin response and commonly abbreviated GSR. Fig. IV-1 is a re¬ 

cording of this activity* The third is a small steady state potential 

on the order of a few millivolts* which undergoes transients similar 

to the exosomaiic galvanic skin reflex* Because it is observed 

without an external source of power, it is referred to as ,the endoso- 

matic galvanic skin response. The word response is used because it 

is known that these phenomena are controlled by the autonomic nervous 

system, and frequently the word reflex is used* emphasising this 

autonomic characteristic*; Also in the literature* the term psycho¬ 

galvanic skin reflex is used, emphasizing the fact that it results 

after even the slightest emotional or mental activity* It has been 

found that skin resistance and the endosomatic potentials vary in 

amplitude and sensitivity to emotional and sensory stimuli in 

different parts of the body, being more dominant in the palms of 

the hand and the soles of the feet* Consequently, most of the 

measurements are done in these two areas* and skin resistance is 

sometimes referred to as palmar resistance. 
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H-fl THE EFFECTOR ORGAN OF THE ELECTRICAL ACTIVITY 
IN THE SKIN 

Various theories have been postulated for the physiological basis 

of the electrical activity in the skin and describing the nature of the 

‘^device " that transforms the activity of the autonomic nervous 

system to changes in skin activity of an electrical nature. Since this 

activity was first observed in 1888 by Fere (exosomatic activity) and 

in 1890 by Tarchanoff (endosomatic activity), no one theory has been 

completely accepted, but some have emerged dominant. Since this 

investigation is primarily concerned with data reduction of GSR 

activity in psychological studies, only a Ijrief description will be 

presented here of these dominant theories, along with some of the 

work done at the Bioelectronics Division, Houston State Psychiatric 

Institute. 

Like other autonomic activity, the electrical.activity of the skin 

is controlled in the hypothalamus and the premotor area of the 

cerebral cortex. J However, a local galvanic skin response has been 

observed completely independent of any nerve impulses, but caused 

by local sensory stimuli. It has been postulated that this activity 

is a reaction of the epithelial cells in the epidermus in which the 

cell membranes undergo depolarization. Also, GSR activity has 

been found to be more abundant in areas of the . skin that are abundant 

in sweat glands, and it appears to be closely related with sweat 
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gland activity. However* the change in skin resistance is not due to 

sweat gland secretion adding electrolyte (NaCl) to the surrounding 

skin and thus increasing its conductivity. This is not the case, be¬ 

cause fluid electrodes which, completely saturate the skin with 

electrolyte can be used to measure GSR activity; also, the return 

of the changes to the basal level occur at a faster rate than 

evaporation of the sweat. Some experiments have shown that the 

change in skin resistance precedes the increase of secretion, and 

it has been generally accepted that skin resistance is dependent 

on sweat gland activity, but is the result of some pre-secretory 

changes in membrane polarisation, ® 

Other possible causes of GSR activity are explained by the 

vascular theory. It maintains that the GSR effector organ is the 

network of small but abundant blood vessels in the skin, and as the 

autonomic nervous system controls the flow of blood, not only would 

mechanical changes of tension and contour change skin resistance, 

but also the fact that whole blood has a higher resistance than extra¬ 

cellular fluid. However, experiments in which measurements of 

changes in finger volumn and GSR activity were made simultaneously, 

indicated' that there is no definite pattern between volumn changes 

attributable to vasomotor responses and the occurrence or amplitude 

of GSR activity, ^ 

Both this work and measurements of secretion give support of the 
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membrane theory. Also, studies done at this laboratory -with 

chemical environment at the site of the skin and with the polarity 

of the applied current indicate that the effector organ of skin 

resistance is an active superficial membrane which causes 

changes in "apparent resistance" by changes in its permeability,^ 

It is an "apparent resistance" because a polarized membrane 

would present a counter EMF source to the measuring electrodes, 

and since the magnitude of the counter EMF happens to be a 

function of current density over a limited range, the effector 

organ has the characteristics of a resistance. It is generally 

known that resting nerve cells have high polarization capacities 

and undergo a change in permeability upon stimulation. This 

polarized membrane with changing permeability is the most 

plausible cause of the endosomatic GSR, 

Work has been done at this laboratory with microelectrodes to 

determine if GSR activity originates in the sweat gland membrane 

and/or in the epithelial nerve membranes of the epidermus. Re¬ 

sults of these studies indicate that the epidermus contributes to 

the GSR activity independently of sweat gland secretion, and pro¬ 

duces GSR activity to both sensory and emotional type stimuli, ^ 

It is felt that the activity of the epithelial cells, following both 

sensory and emotional stimuli, may be the result of sympathetic 

nerve impules whose primary function is to sensitize the tactile 
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receptors* la general physiological studies, increasing attention 

i3 being given to the influence that the central nervous system exerts 

over the intake o£ environmental events by controlling sensitivity 

of the receptors* Along this line, the possibility exists that 

sensory and emotional stimuli produce changes in sensitivity of 

the tactile receptors and the GSR activity is a by-product of the 

nerve impulses to the epithelium. 

11-2. FACTORS AFFECTING MEASUREMENTS 

In order that measured changes of skin resistance reflect ac¬ 

curately changes in autonomic activity, the various factors outside 

the nervous system -which affect its amplitude must be controlled 

adequately* Because of the polarised membrane characteristics 

of the GSR effector organ, the chemical environment imposed by 

the measuring electrodes and skin temperature are factors to be 

considered. The effect of various positive and negative chemical 

ions on amplitude have been investigated and reported by this 

laboratory* ? The main requirement is to keep the chemical environ¬ 

ment constant during the measurements* Also, it should be noted 

that the polarisation of irreversible electrodes will produce an error 

in measurements of basal resistance# but since the GSR is a mono- 

phasic transient (A* C* component) of skin resistance# polarisation 

of an irreversible electrode will not significantly affect this mea¬ 

surement. For skin temperature effects, it has been found that both 

basal resistance and GSR vary inversly with temperature at approx- 
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imately 2 to 5 % per C°» but the change of GSR amplitude is only 

temporary, and the trend reverses after several minutes, In 

fact, cooling of a site below 20°C for several minutes attenuates 

GSR amplitude; and therefore in attaching the electrodes to the 

skin site, care must be taken not to obstruct the flow of blood and 

thus reduce skin temperature. 

In measuring changes of skin resistance with the exo somatic 

method, either a constant current source is used, and changes of 

voltage are measured* or a constant voltage source is used and 

changes in current are measured. In either case the effect of 

current density on the "device", the resistance of which is being 

measured, must be considered. Experiments by this laboratory 

show that GSR amplitude increases linearly with current density up 

to about 11/' amp/cm^i and then it appears that a temporary injury 

effect occurs'. It has been generally observed that excitable tissue 

can become completely depolarized when a sufficiently high current 

is passed through it, and current densities of lOOyv amp/cm show 

this effect on the GSR effector organ, In this laboratory a constant 

current source has been used almost exclusively, in order to avoid 

current density being a function of basal resistance, Basal resist¬ 

ance is known to change profoundly from one general level to another 

with general changes in the level of autonomic activity. Thus, these 

changes may produce current densities in the nonlinear region. 
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Basal resistance usually ranges from 20 to 200 K-A>and GSR 

activity produces changes up to 5 K-0-. Use of current densities 

at approximately 10/'amp/cm^ (with electrode areas of 1 to 2 cm^) 

does not require amplification for detection of skin resistance and 

its changes. However, for recording of this activity, either with 

galvonometer paper recorders or magnetic tape recorders, ampli¬ 

fication is needed. For basal resistance a D. C. hmplifier is needed, 

and for GSR activity, an amplifier with a frequency response down 

to 0.02 cps is required, while the upper limit of frequency compo¬ 

nents in GSR activity is approximately at 1> 0 cps* 
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III. PSYCHOLOGICAL APPLICATION OF GSR MEASUREMENTS 

It is generally known that as an individual things and experiences 

emotion his physiology undergoes changes of varying degrees, de¬ 

pending upon the intensity as well as the nature of the psychological 

process. In human behavioral studies increasing use is being made 

of these■ physiological changes to aid in obtaining clearer and more 

accurate definition of the many psychological processes. Measure¬ 

ments of physiological activity can make significant contributions 

to psychological studies because, in many cases* emotional re¬ 

sponses are primarily or entirely concealed, Particularly in group. 

situations* individuals tend to conceal and suppress external express 

sions of their responses when they are apprehensive about social or 

intellectual criticism. However, some aspects of physiological 

activity are,involuntary and beyond control or complete suppression 

by the individual. Another contribution that measurements of phys- , 

iological activity can make is objectivity, In psychotherapeutic inter¬ 

views, the interviewer must detect and evaluate the responses of the 

subject, and the suppression of primary expression by the subject 

results in secondary and less obvious responses. This adds to the 

complexity of the interviewer's task* and may result in the projection 

of his own feelings into the evaluation. Also, in efforts to determine 

the efficiency of an individual performing tasks which lead to fatigue 

or stress, the simple fact that one is being observed or tested will 
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arouse the subject and alter his behavior. Using physiological 

measures to detect fatigue or stress would introduce very little 

stimulus into the testing situation. 

IH-i. LEVEL OF ACTIVATION IN THE AUTONOMIC NERVOUS 
SYSTEM 

A great deal of experimentation has been done to characterise 

patterns of physiological processes in terms of the various psy¬ 

chological processes?* but the complexities of physiological activity 

produce difficulties in obtaining clear and consistent patterns. And 

it is generally felt that physiological measurements cannot be used 

exclusively to give complete definitions of the various aspects of 

psychological activity; they can only be used to aid in detection and 

characterisation of the bodily changes accompanying mental activity* 

However* it is generally agreed that the GSR and basal resistance of 

the skin are good indicators of cortical and higher level mental 

functions; and since GSR activity is particularly sensitive to mild 

emotional activity* it has found increasing use in eicperiments with 

personality. 

Turning to the problem of relating GSR activity to the wide spec¬ 

trum of psychological processes that can be described, it must be 

considered that the GSR activity is a reflection of the activity in 

the autonomic nervous system. For this reason the psychological 

12 



activity of interest must be related to the level of activation in the 

8 autonomic nervous system. For example, as one approaches 

deep sleep, autonomic activity approaches zero, and then as one 

comes from deep sleep to relaxation or light mental activity the 

autonomic activity begins to increase and continues increasing 

up through states of alertness, excitement or strong emotions, 

and finally to a physiological limit in a state of panic or extreme 

excitement. Used in this manner , the level of autonomic activity 

is an indicator of an individual’s degree of arousal} it is a com¬ 

posite index of several factors such as degree of alertness, aware-, 

ness, attention, and internal arousal* These factors are related 

to an individual’s response to his general environment, his response 

to specific Stimuli in the environment, and his level of internal 

arousal^ Because of these factors, the level of activity, or degree 

of arousal, becomes an intensity measurement of psychological pro¬ 

cesses, and can differentiate between various psychological processed 

only on an intensity basis* Nevertheless, this concept remains use¬ 

ful* because certainly emotions can be described to some extent on 

an intensity basis* and simple mental operations can be distin¬ 

guished from the deep concentration of difficult and complex mental 

operations on an intensity basis, and finally fatigue as opposed to 

stress can be characterized by intensity of autonomic activity. Also} 

it should be noted that degree of arousal is a composite index of a 

general situation} and the various factors which make up the general 
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situation will have varidua levels of activity;. This uncovers the 

possibility1 that measurements of- the -'various • ’'sub-indexes*1 wlil' 

provide differehUation between tha various psychological pro¬ 

cesses* For this reason studies of htiman behavior should use 

measures of several different physiological activities and seek to 

characterise each of the measurements in terms of degree of arousal 

and then correlate with the various psychdlogical procebses» This 

presents a vast and complex problem for experimental research in 

psychophysiology, and characterisation of GSR activity'Is only one 

aspect of the complete problem. But the sensitivity of GSR to niild 

emotional stimuli and its indication of the general level of autonoinic 

activity gives it an important role ih the overall problem* 

GSEACTXVITY AS A FUNCTION OF DUGRBS OF AROUSAL. 

Many experiments have been carried out to relate both basal 

resistance and GSR activity with the level of physical action* diffi¬ 

culty or ease In performing a task* level of sensory stimuli* inten¬ 

sity of emotional expression, and degree of surprise and uncertainty*^ 

Although these experiments recognised that GSR activity varies with 

degree of arousal, no complete nor clear characterization of GSR 

activity in terms of degree of arousal had been postulated. Some 

experiments using drugs to induce degrees of arousal ranging from 

depression to moderate arousal led the investigators to characterize 
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two aspects of GSR activity with the degree of arousal spectrum. 

As stated previously the degree of arousal is dependent upon the 

individuals response to his general external environment, to 

specific stimuli in this environment* and to his internal arousal, . 

Thus> GSR activity can be divided into two qualitative classes; 

specific and non-specific GSR* Specific GSR are those responses 

resulting from specific and well-defined external stimuli* while 

non-specific are those unrelated to any well-defined stimuli but 

representing background responses and depending upon a combi¬ 

nation of the general envlrohment and an individual’s internal level 

of arousal. These experiments using drugs to induce a low degree 

of arousal and a moderate degree of arousal showed that the number 

of non-specific GSR per 1 minute epochs decreased as the degree of 

arousal varied from control level to depression and a similar de¬ 

crease was observed in the amplitude of specific GSR, As the 

degree of arousal increased to moderate arousal* the number of 

non-specific GSR also increased* but the amplitude of specific GSR 

increased only up to a certain point* and then as the subject was 

pushed into a higher degree of arousal the amplitude of specific GSR 

began to decrease. It is felt that this latter decrease is due to the 

fact that an individual’s awareness and ability to focus attention is 

low in states of excitement and panic* thus giving decreased re¬ 

sponses to specific stimuli, From these experiments it was con¬ 

cluded that GSR activity can be characterized in terms of degree of 
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arousal by two relationships: the number of non-specific GSR in¬ 

creasing mononically with the degree of arousal, while the sum¬ 

mations of specific GSR amplitudes per epoch is a bell-shaped 

curve. These are shown asandZft curves in Fig. IH- R Also 

some experiments with fatigue and drig induced depression showed 

that the amplitude of specific GSR showed a racked increase at the 

point of light sleep or drowsiness. This is described as the" "par¬ 

adoxical spike" of over response, for it occurs under conditions 

at which it is normally expected to find depression. 

In using these parameters of GSR activity to define a degree of 

arousal, absolute values cannot be used, ft has been demonstrated 

that the GSR activity of individuals may be quite different in amplitude 

and number at a given degree of arousal. For this reason, it cannot 

be said that one set of values defines a particular degree of arousal 

for all individuals. Instead, changes in the values of the parameters 

show directinnal changes in the degree of arousal. 
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IV, THE ANALYSIS PROCESS 

The aim of the analysis process.is to abstract the.parameters 

of the GSR data significant in reflecting the. activity of the autonomic 

nervous system; now the. questions must be considered: what type 

of analysis yields the greatest amount of significant information; 

how accurately can this information be obtained; and how practical 

is it to carry out the analysis process? Although the work pre¬ 

viously described uses amplitude and time characteristics of GSR 

activity as the significant information, it is also possible that fre¬ 

quency characteristics of GSR activity may be useful* During this 

investigation, consideration was given to frequency analysis of GSR 

data and the type of results it might yield; but for the reasons des¬ 

cribed below it was not carried but* and an analysis process in the 

time domain was developed* 

rV-1. ANALYSIS IN THE FREQUENCY DOMAIN 

This type of analysis could be carried out by obtaining the 

amplitude of the frequency components of the GSR waves. Then the 

frequency spectrum of the GSR waves could be compared with measures 

of the other activity occurring during the same interval of time. For 

example, it is possible that the relative amplitudes of the frequency 

components change with some definite relationship to changes in the 
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degree of arousal, as in the case of the electroencephalogram. 

Therefore,, theoretically one could define a frequency spectrum 

for each level of arousal., And the important question would bet 

are the frequency spectra sufficiently different to distinguish 

different levels of arousal? No results of this nature are presently 

known, but it is felt that a frequency analysis of GSR data to corre¬ 

late with the other physiological data and lev el of arousal is imprac¬ 

tical. First, it is felt that the relative amplitudes of the GSR components 

do not vary in any recognizable pattern that can be correlated with the 

other measures. Fig* 1V-I shows two recordings of GSR activity re¬ 

corded under different conditions of arousal, and although there are 

changes of GSR waveshape from moment to moment, there is no 

marked shift of a dominant frequency, The outstanding difference is 

in the amplitude scale and differences in number per interval 

Second, frequency analysis depends on repeated operation at 

each frequency of interest, and consequently, results in a slow pro¬ 

cessing of data. Methods to compute Fourier coefficients of aperiodic 

. in 
functions by analog computer techniques have been developed* And 

a very convenient method would be to use a commercial frequency 

analyzer designed for low frequencies* However, both of these methods 

save only the time and labor of computing the Fourier coefficients by 

analytical or graphical means, and still depend on repeated operations 
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at each frequency of interest. Although the frequency range of GSR 

waves is limited to approximately 0.02 to 1 cps, a frequency analysis 

as compared to the time domain analysis developed in this investi¬ 

gation would yield a much slower rate of data processing. 

IV-2. ANALYSIS IN THE TIME DOMAIN 

The work described in Section III relates GSR characteristics, 

such as amplitude and number per epoch to the degree of arousal. 

Also, it is felt that the onset to peak time of each GSR wave, defined 

as active GSR time, is significant in reflecting autonomic activity. 

Assuming that the membrane theory is correct, not only would this 

active GSR time depend upon the state of the membrane polarization, 

but also upon the '’force” of the nerve impulses causing the changes 

in the membrane permeability. For these reasons, it is felt that an 

analysis process yielding amplitude and time characteristics re¬ 

flects significant changes in the nervous system. An analysis process 

has been developed which yields the number of GSR per epoch, z N, 

a summation of active GSR times per epoch, ZT, and a summation 

of GSR amplitudes per epoch, Z'A* The analysis process is such that 

it can be accomplished automatically by an electronic computer, and 

the rate of processing data is equal to the rate of generation of the GSR 

activity* Thus, the parameters of the analysis are available for com¬ 

parison with measures of the degree of arousal as it varies with time. 
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Also the epochs of summation can bo varied to be synchronised 

with the occurrence of external stimuli* 

For group studies of a sociological nature it is desired to 

obtain an analysis of the GSR data that gives an indication of the 

interaction taking place between the various subjects* Assuming 

that the flow of interactions will arouse the subjects and produce 

G3B activity* an analysis process was developed that yields the 

occurrence of simultaneous responses between a group of subjects 

and aids in determining to what degree each subject interacted 

with the other subjects* and with the group as a whole; 

IF-3, ANALYSIS OF GSR LATA TO YIELD IN* IT* AND rAi 

Since the active GSR time is defined as the time from onset to 

peak of each GSR wave, the first derivative of the GSR wave goes 

from aero, through finite values and back to zero at the peak of the 

GSR wave; Thus; the first two points of the derivative wave have 

the same time duration as the active GSR time; By converting the 

first derivative waves to a train of rectangular pulses, a digital 

indication of each active GSR time is obtained as shown In Fig, iV*2B, 

The area under this train of rectangular pulses is proportional to 

the sum of She active GSR times. Therefore* integration over the 

desired epoch will produce £Y; 
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To obtain the number of GSR per epoch* the train of pulses 

with widths corresponding to each active GSR time is converted 

to a train of equal width pulses* This gives a train of pulses with 

equal areas which can be integrated over the desired epoch to 

product £N» 

Again* considering the first derivative wave* it is noted that 

it represents the rate of change of the GSR wave; In particular* 

the first portion of the derivative wave (between the first two zero 

points) represents the rate of change from onset to peak of each 

GSR wave* Therefore* clipping of the second portion and inte¬ 

gration of the first portion will produce the amplitude of each GSR 

wave* and integration over the desired epochs will produce ^A* 

Another desired function of the analysis process is waveform 

recognition* Since the GSR activity is transformed to a voltage 

signal* the data is susceptible to noise voltages. There are two 

types of noise voltages that may arise in GSR data*’ One is low 

l^vel: slowly varying voltages due to the chemical effects of the elec* 

trade and any voltage drift in the amplifier used for measuring GSR 

activity* The other is high frequency voltages introduced by move* 

ment between the skin and the electrode* and in some cases intro¬ 

duced by a frequency modulated tape recording system. 
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Two methods were incorporated in the analysis process to 

reject noise signals. As stated previously* differentiation is one 

function of the analysis process. Differentiation gives relative 

attenuation of low frequency signals and amplification of higher fre¬ 

quency signals. Therefore, noise signals of lower frequencies than 

GSR signals will be at lower voltage levels and can be eliminated 

on a voltage level basis. This is accomplished in the analysis pro* 

cess at the point where the first derivative waves are converted to 

rectangular pulses. The element that accomplishes the conversion 

is designed to respond to the signals greater than a minimum volt¬ 

age level, and is designed so that the minimum level can be adjusted 

for varying conditions of low-frequency noise. Since differentiation 

amplifies the higher frequency signals,' the element converting the 

derivative waves to rectangular pulses will respond to higher fre¬ 

quency noise as well as GSR signals. The elimination of higher 

frequency noise can be accomplished after this point on a pulse width 

rejection basis. The rectangular pulses of the higher frequencies 

will have smaller pulse widths, and an element to reject all pulses 

shorter than a certain width was incorporated in the analysis process^ 

Thus, all pulseswith widths greater than a minimum width are passed 

to the remaining elements of the analysis process* Since no minimum 

width for active GSR time had been established, the element was 

designed to have an adjustable rejection width* These two types of 
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error voltages and their elimination are shown in Fig. IY-3. 

It should be noted that rejection of noise signals has been 

accomplished only for the operations yielding IT and £N. Noise 

can bo rejected from the FA operation to a certain extent by 

diode clipping of low level noise in the first derivative wave. But 

since the derivative signal contains also seme high level noise* 

complete rejection of noise In the FA operation cannot be obtained. 

Thus* from the time domain analysis of GSR data, three parameters 

have been obtained, FT* FN» and FA. Fig. IV-4 shows a recording 

of these three parameters over 1 minute epochs, and Fig. IV-5 ia 

a recording of the GSR, the derivative of the GSE, and the active 

GSR time rectangular pulses to which these three parameters corre¬ 

spond. 

The characterization of GSR activity in terms of degree of 

arousal, described in Section 111, distinguished between specific 

and non-specific GSR. Since there is no difference in waveshape 

between these two qualitative types of GSR activity, the automatic 

analysis system cannot make the distinction. Thus, the character¬ 

isation of f Ni FA, and FT in terms of degree of arousal must be 

modified. The parameter Z N will give the number of both specific 

and non-specific GSR's and will still increase monctonically, but 
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Z A and £T will Include a greater amount of non-specific GSR ac¬ 

tivity at higher degrees of arousal than at lower degrees. Therefore* 

these parameters will not marldy decrease at higher degrees of 

arousal* but will show only a gradual leveling off. This means that 

the upper leg of the bell-shaped curve (Fig. 111*1) will be displaced 

upward* and may even approach a monotonically increasing curve 

similar to the £N curve. 

One possible method of distinguishing between specific and non¬ 

specific GSR’s exists in using both the sole of the foot and the palm 

of the hand to record GSR activity. It has been demonstrated that 

specific GSR are more pronounced on the sole* and non-specific 

on the palm. Therefore* analysis of palm GSR for £N and of sole 

GSR for £ T and £A should give an analysis that* to some extent* dis¬ 

tinguishes between specific and non-specific GSR. In fact* the use of 

the sole of the foot as compared to the palm of the hand in GSR- Degree 

of Arousal analysis may be a fruitful area for future studies. 

IV-4. ANALYSIS OF GSR DATA BETWEEN SEVERAL SUBJECTS 

During tests where sociological interaction measures are made 

on a group of subjects* analysis of GSR data should provide a com¬ 

parison of the GSR responses between the subjects* A simple com¬ 

parison of £ A for each epoch could be made between subjects and 
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would indicate to what degree each subject of the group was aroused 

during the same epoch. A similar comparison could be made for £N. 

One drawback to this type of analysis is the fact that £A and are 

summations of responses over* normally 1 minute* epochs* and there¬ 

fore do not reflect differences in responses to each of several stimuli 

that may occur during the epoch* Another drawback stems from the 

fact that two subjects may have marked differences in amplitudes and 

number of GSR’s for the same degree of arousal* This would result 

in differences of £A not giving an accurate difference in responses to 

the same stimuli* 

Another method of comparison would be to compare active GSR 

times between subjects* Rather than comparing 2 T» the active GSR 

time rectangular pulses could be compared in real time. This would 

indicate when subjects responded simultaneously to the same stimuli* 

This has one drawback due to the differences in response times be¬ 

tween subjects; that is* if at to a stimulus is given to both subjects 

A and B» Ala GSR may begin ia seconds later* while B’s may begin 

% seconds later* and these times may vary from 0* 5 to 1.5 seconds; 

However* the majority of active GSR times are greater than 1 second* 

and so this method would still Indicate simultaneous responses in most 

cases* One way to compensate for differences in response times be- 
i 

tween subjects would be to delay one subject's train of rectangular 
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pulses by the difference in response times. This means that each 

subject's response time would have to be determined experimently 

under controlled conditions* and then the difference set into the 

analysis process. 

The GSR data from a group of four were analysed in this 

manner without compensation for differences in response times. 

All possible combinations of simultaneous responses between the 

four subjects are shown recorded in Fig. IV*6. Further analysis 

of this data can be carried out by counting the number of times per 

epoch simultaneous responses occur between all four, between com* 

binations of three, and between combinations of two. This type of 

analysis should indicate which two of the group were most interactive; 

or it may indicate which interacted the least with the group as a whole, 

or which interacted the most. Such questions as these are related to 

the sociological measures of influence of one group member on the 

others, to detection of topics of common interest to the various group 

members, and to measures of "group cohesion". 
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V. ANALOG COMPUTER SIMULATION OF THE ANALYSIS PROCESS 

Since the use of GSR data as obtained from the analysis process for¬ 

mulated in Section IV is in the experimental stage, the major portion of 

the proposed analysis was carried out with an analog computer. The 

use of the analog computer provided a versatile and convienent method 

for experimenting with the data in order to determine if the parameters 

of GSR activity chosen are significant in terms of psychological pro¬ 

cesses. Also, the use of the computer allowed a study of the problems 

and requirements of the electronic system without repeated rebuilding 

of test models. Since the operations of the computer can be changed 

with relative ease, the characteristics of the data reduction could be 

varied, and the results evaluated to define the optimum system. Thus, 

the detailed requirements for building a GSR analyzer could be formulated 

with minimum expense and time; 

As described in the previous section the operations to be performed 

are: 

(1) Differentiation. 

(2) Conversion to rectangular pulses with an adjustable 

response level. 

(3) Pulse width discrimination. 

(4) Summation over repeated epochs of amplitudes, 

active GSR times, and number. 
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(5) Comparison of active GSR time3 from member of a 

group for simultaneous occurrences. 

In addition to tbeoe( filtering of the input signal is necessary when 

the input is obtained from the frequency discriminators of a frequency 

modulated tape recorder* Because the exact range of the frequency 

components in the GSR wave is not known* the necessary characteristics 

of the filter had to be determined by trial and error. This was done 

conveniently on the analog computer by setting up an operational ampli¬ 

fier to have the desired transfer function and then varying the charac¬ 

teristics of Hie filter by changing the input and feedback components* 

V-l* LOW PASS FIJLTSR 

Previous information indicated that the sinusoidal components of 

the GSR signal are approximately from 0* 02 to 1 cps* Since the GSR 

signal is the sum of these components* phase shift as well as attenu¬ 

ation must be considered in designing the filter* The first filter tried 

is shown in Fig, V-l A, The transfer function for this circuit is** 

-Rf 
G(0) 2iRj{x 4 sTi)(i VsT|} 

where Tj c 
R^Cl

r r RjCf * 

This equation can bo put in a standard form to obtain the frequency 

response 
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c<j) = 
*»& 

1 - Si,* t jSJjf. 
. COo 

where; K= Rf 
2Rl* 

2 
Ci>o~r. 

Ti T£ <J * ~(Ti + Tf)- 

By choesiiig'tKe'propejr values o£| and coe, the upper cut-off frequency and 
... . v. 12 

the amount of phase shift in the band pass region can be determined. 

This filterf‘did not prove to be satisfactory* because to obtain a minimum 

amount of/phase shift at i cps* the upper cut-off frequency is too high to 

give satisfactory attenuation of the noise. Also* it should be noted that 

lessr?phase is obtained for smaller values of j * and j*?l is the minimum 

value that can be obtained with this type of transfer function. 

To obtain a more effective filter* one where j 2 1* the operational 

amplifier* Fig. V-IB* was set up to have a transfer function 

- 2Rf(l + s%cf) 
2 

G<s* " 2Rj(l + 2sRfCo + a «fCfC0) (1 + s^i^l) ’ 

By setting RfCf =‘ RJCJ this equation reduces to 

-Rf/Rx 
0{a) l + 2RfC0s + RfCfCoS* 

And the standard form of the frequency response is 

"' V _ . ■ - K . 

■ .* - * T COo 

-B, 
Rl* RfCfCo 

where K = > a>0 = °o 
Cf 
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Several values of j- and Mt'weve tried to give as much high frequency 

attenuation as possible without distortion of the signal. It was found ~ 

that neither phase shift of -55°, nor gain of 0* 8 db at 0* 5 cps produced 

any noticeable distortions, therefore, it is indicated that there are no 

appreciable sinusoidal components of the GSR signal above 0<i 5 cps» 

Two identical stages of filtering were used to give a high frequency 

cut-off rate of 24 db/octave* 

V^2. DIFFERENTIATION CIRCUIT 

To produce the derivative of the input signal, a circuit must have the 

transfer function G(s) = Its. A circuit with this transfer function gives 

increasing amplification with increasing frequency which results in in¬ 

stability and noisy operation. To prevent this, a circuit must be used 

that gives the derivative only over the frequency range of the input signal 

and does not have increasing amplification of frequencies above that of 

the Input signal. Several different circuits to meet these conditions were 

investigated and are described in the following* 

In Fig. V-2A is shown a circuit lused to obtain the first derivative which has 

a transfer function 
. • G(s) j -as ' ' ' 

1 4t bs 

where aiRC, b - RCf 

Since G^s) * as gives the true first derivative, the above is an approx- 1 
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imation which gives the first derivative only when bs *£<1, Since the 
Y 

highest expected sinusoidal component of the GSR wave is 0. 5 cps, the 

constant Jb was chosen so that the sinusoidal response of the circuit 

was better than 1% of the true first derivative at 0. 5 cps. The values of 

the components used are shown on the schematic and give a deviation 

from the true first derivative by.approximately 5° for a driving function 

of 0. 5 cps. The Constantsa was chosen to give the proper output level 

to drive the recorder. 

It is realized that the first derivative Can, be obtained by the use of in¬ 

tegrator and summer amplifiers as shown in Fig. V-2B* Since this uses 

an integrator instead, of a differentiator it does not have the high frequency 

problems of instability and increased noise, but the requirements of two 

operational amplifiers' as compared to one for the former method and 

the desire to use a minimum number of amplifiers dictated the use of 

the former method. And this method proved satisfactory if proper 

shielding conditions were observed* and particularly because of the re¬ 

latively low frequency irange of interest* 0* 02 to 0. 5 cps* This method 

of obtaining differentiation was used successfully when the source of the 

input was a GSR amplifier* However# when the source of the. input was 

iavediScriminator of a frequency modulated tape recording system* 

additional high frequency attenuation was necessary* 

For this case the circuit shown in Fig* V-2C was used to obtain 
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differ entiationjit lias a transfer function 

k 'V ; .-sK(l,+ sTfj 
^ ^ aTo 4 s2ToTf) 

■ where Tf =^l2i-; ;Ta = 2R|C0. ' T*- RiCj» K=2R£Ci* ' 

Setting ?£ f Tj givfes 

- ' ,-SK 'V / 

l ^sToi s’ToTf * 

In order to settheparameters of this circuitso that the transfer 

function approximates differentiation^■•to the desired degree of accuracy* 

it is useful; to escpress the transfer function in the standard form for 

frequency response 

GCH 1 CO ? 
j^K 
+ 

where <^0= T0Tf 

The values of j and where chosen to give an output that was within 

1% of the exact derivative over the frequency range of interest* The in¬ 

formation gained in designing the low pass filter indicated that the circuit 

should have a phase shift within 1 % of 90° at 0.5 epa Several valuos of 

g andT to? were tried until the output signal had a sufficiently low soiQQ 

level "ns WeHttbs the desired degree of accuracy* The final values of the 

components are shown in Fig. V-2C and those give values of Q.44 

and cc<j= 38 rad/sec.» which gives, a deviation of 4.3° from 90° at 5.5 ops. 
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A similar transfer function could be obtained using two integrators 

as shown in Fig* V-ZD. This circuit has a transfer function 

Gfe) = -rhs 
(s 4 a)(s r4 b) 

Use of two integrators in this method is the normal technique in analog 

computer systems# because integrators give a more stabilised and less 

noisy operation than a circuit which has a capacitor as an input component 

However# use of two integrators has two disadvantages; it requires two 

amplifiers as compared to one for the former method (Fig. V-EC)# and 

1 the error term (s + a)(s t b) as compared to the error term 

1 + sT0 -f S^ToTf is larger for a given cut**of£ frequency# For 

this reasbn the method of Fig^ Y-*2C. was used and proved to be sat* 

isfactbry. ■' 

V-3. CONVERSION TO RECTANGULAR PULSES 

As stated in the description of the analysis process (Section TV), the 

aero points of the first portion of the derivative wave corresponds to 

active GSR times* and one operation of the analysis is to sum the active 

GSR times. Therefore* the first portions of the derivative waves are 

converted into constant height pulses with the widths haying the same 

time duration as each active GSR time. Then this train of constant height 

pulses is integrated over the desired intervals of time to produce 2T. 

The most widely used method for converting a continuous signal into 
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a digital signal of the same time duration is a cathode coupled bistable 

multivibrator* commonly known as the Schmitt Trigger Circuit. An 

operational amplifier with back-biased diodes in the feedback circuit 

is the analog computer simulation of the Schmitt Trigger. Since,one 

phase of the investigation is the formulation of the requirements for 

building an automatic analyzer of GSR data, the Schmitt Trigger Circuit 

was used in place of an operational amplifier as a more economical means 

of conversion to rectangular pulses. 

When using Schmitt Trigger circuits to‘'square" the derivative 

waves', consideration must be given to the inherent hystersis of this 

type of circuit and to the voltage level at which triggering occurs; As 

6hown in Fig. V-3 the Schmitt Trigger circuit "triggers on" at E+volts 

13 
and "triggers off" at E- volts, and the hysterses voltage is EJJ= E

+
-E” . 

The amount of time error produced depends upon the slope of the input 

waves near the Ef and E- levels. Therefore, one method to reduce the 

time error would be to amplify the derivative waves before they are applied 

to the Schmitt Trigger, and also to add a D-C component to the derivative 

waves, so that the effective E- approaches zero* This method is illustra- 

ted in Fig. V-4. If E is an adjustable D-C supply , the effective trigger¬ 

ing level can be adjusted so that the circuit does not respond to low level 

waves; this is a desired characteristic of waveform recognition* pointed 

out in the description of the analysis process (Section IV- 3). 
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During one phase of the investigation an Engineered Electronics 

Co. Squaring Circuit* Z- 90001 was used and EJJ was on the order of 

10 V and E- was approximately 40V. Thus, the ratio of-^^ was set 

to be 15 and E was less than 39Vi Eater a Fackard-Bell Transistorized 

Schmitt Trigger Circuit was used, and this circuit has a Ej| of approx¬ 

imately IV and E- of approximately 3V. This small value of E intro- 
n 

duced a negligible error and so the driver amplifier was not used to 

reduce the effective EJJ and the D-C component was introduced at the 

derivative amplifier. 

V-4. PUESE WIDTH DISCRIMINATOR 

As stated in the description of the analysis process, the GSR 

signal contains some higher frequency error components; some are 

introduced by the recording system and some are caused by movement 
* 

between the electrode site of the skin and the electrode. Although 

filtering is used to attenuate these, the differentiation circuit amplifies 

those that are just above the range of the GSR frequencies. This ampli¬ 

fication is enough to cause the "squaring circuit1' to respond and produce 

a number of error pulses in the train of rectangular pulses. Since 

these error pulses are caused by waves of higher frequency than the 

GSR frequency, they have a shorter time duration. Thus, the purpose 

of the pulse discriminator is to reject all rectangular pulses of a width 

less than the minimum active GSRtime,, and to pass all pulses of width 

greater than this minimum. 

46 



1 
;‘J r- 

Since the value of the minimum active GSR time had not been estab¬ 

lished, it was necessary to make the rejection width of the pulse width 

discriminator variable. By this method several different settings of 

the rejection width were tried until an optimum signal to noise ratio was 

obtained in the train of rectangular pulses; a rejection width of 0.7 sec. 

faas found to give optimum performance in most cases. 

Fig. V-5 is a block diagram of the pulse width discriminator. Each 

pulse from the squaring circuit triggers a reference pulse generator 

which generates a rectangular pulse of width equal to the desired re¬ 

jection width. Then both the reference pulse and input pulse are applied 

to a logic "inhibit circuit11. The "inhibit circuit" is designed to have 

its output at the "0 state" any time the reference pulse Rj is present, 

but goes to the "1 state" when the signal Ej is present, but Rj is not 

present. In terms of logic algebra this is expressed as 

E = RjCE^ 

Since the reference generator is designed to trigger on the leading 

edge of fhe input pulse Ej, they have a time relationship as shown in 

Fig. V-5, therefore if Ej, is longer than Rj, the inhibit circuit gives 

an output of pulse width tE$ - tRj, but if the width of E| is shorter than 

Rl* there is no output from the inhibit circuit. 

At this point all pulses with widths shorter than the rejection width 

have been rejected, but all pulses with greater width have been shortened 

by the width of the reference pulse, Rj. Thus, the next stage is to add 
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a width of to all pulses from the output of the “inhibit1 * circuit* 

This is done by using the trailing edge of these pulses to trigger a se¬ 

cond reference pulse generator, which has its pulse width adjusted 

equal to . Then, both pulses are applied to a logic "Or circuit"; 

this circuit has the characteristic, that its output goes to the “1 state" 

whenever either pulse is present. In terms of logic algebra this is 

expressed as 

E0-E +-R2. 

Therefore, E0 has the same width as E*, but is delayed by tRi* And 

the overall characteristic of the pulse width discriminator Is 

,Eo(t)={Ei<‘0'tR) 
if t£*> tft 
if tEi^ tR 

where tR = tRj .* %2* 

The "Inhibit" and “Or" logic circuits are derived from the standard re 

sistor-transistor "Nor" logic circuit, and the reference pulse gen- 

13 erators are cathode-coupled phantastrons* 

V-5. SUMMATION OVER REPEATED EPOCHS 

As stated in Section IV, the outputs of the analysis process are 

summations over repeated epochs of active GSR times, £Tf number of 

GSR, XN and summations of GSR amplitudes, £/). Since the output of the 

pulse width discriminator is a train of constant height pulses with 
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widths corresponding to active GSR times, the areaunder this train of 

pulses is proportional to the summation of active GSR times, z T* 

Thus, integration of this train of rectangular pulses yields Z.T, Also, 

the output of the Eg reference generator in the pulse width discriminator 

is a train of constant area rectangular pulses* Therefore, integration 

of this train of pulses yields Z N* 

The integration of these two trains of pulses is accomplished with 

standard integrators of the analog computer as shown in Fig* V-6* To 

obtain the summation of GSR amplitudes, Z A, integration is performed 

on the first portions of the derivative waves* la order that the integrator 

operates only on this portion, the second portion must be clipped at the 

aero level, and the first portions are applied to the integrator as shown 

in Fig* V-6. Because of a certain amount of noise intthe derivative 

gignal, ant error is produced in the A integration* However, be¬ 

cause of imperfect clipping by the diode, an error in the opposite direc¬ 

tion (negative area) is also produced; therefore, these two errors tend 

to cancel each other* If the noise level is relatively high compared 

to the ‘’break point” of the diode (0* 1 to 0* 3 V), then the noise error 

will be greater and the diode should be biasedto a point at which It will 

clip most of the noise* 

It whs found that this method of obtaining ZA did not always give 

the desired degree of accuracy; another method can be used, but has 

not been carried out at the present*: This method would be to sample 

each GSR wave at its onset and peak values for a very short interval of 
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time, in the 50 microsecond range, during -which time it is valid to 

assume that the GSR wave remains constant at these two. points. The 

switch would have to be contolled by special timing and decision making 

circuits. . 

During this investigation, the GSR from the filter, the first derivative, 

and the rectangular pulses of active GSR times have been recorded 

continuously with a recorder speed that was suitable for observing 

the waveforms, Fig, IV-4B. The £ A, £T, and £N-integrators have 

been monitored continuously by recorders with relatively slow speeds. 

At the end of each desired epoch'the integrators are reset to aero, and 

bargraph type readouts are obtained as shown in Fig. IV-4A, 

: ■ . ■ ' '' ' . I 

V-6 ANALOG AND DIGITAL CIRCUITS FOR ANALYSIS BETWEEN 
SUBJECTS OF A GROUP . 

As described in Section IV-4, this analysis is to provide a com- • 

parison of active GSR times between fain subjects and to produce all 

possible combinations of simultaneous occurrences. Four channels 

of the system previously des cri.bed, witb. the exception of the integrators* 

are used to obtain the active GSR time rectangular pulses for each, 

subject. The four trains of rectangular pulses are then applied simul-r .■ 

taneously to logic "And Circuits" to give an indication when two subjects 

have simultaneously occurring GSR 'a. The logic "And Circuit" gives 

an output only when both inputs are present and gives a measure of the 

overlap time between two subjects as shown in Fig. V-7. To obtain 



all possible combination between four subjects* eleven ’’And Circuits” 

are used as shown in Fig, V-8« Standard resistor„iransistor "Nor 

Circuits" are use to provide the "And Circuits" in this arrangement. 

It should be noted that compensation for differences in GSR response 

times between subjects has not been accomplished in this arrangement. 

Time delays* corresponding to response time differences* could be set 

into each subject's train of rectangular pulses by "Inhibit::; Circuits" 

and "Or Circuits" as is* done in the pulse width discriminator. However j 

this would require determining the average response time for each 

subject before they are placed in the group situation. It is presently 

planned to continue using this type of analysis without compensation 

for response time differences. If it proves Useful in detecting group 

interactions and topics of common interest to the group* then experiments 

will be carried out with compensation for response time differences 

in order to determine if this added feature gives a more accurate analysis. 
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VI* CONCLUSIONS 

This investigation does not attempt to deal with all the problems 

of using psychophysiological characterizations in human behavioral 

studies* In order that extensive experimental research can be carried 

out in this area* a data reduction process tor GSR activity has been 

developed. The following conclusions can be made about the process 

and the electronic system} 

1* The data reduction can be done automatically by a 

special purpose electronic computer* 

- 2* The rate of data reduction is equal to the rate of 

generation of the GSR activity* 

3* The process is versatile in being able to select or 

■ reject GSR waves on the basis of active GSR times* 

Also* the epochs, of summation can be varied to be syn* 

chronized with the ocCurrenceyof external stimuli’* 

4* The process is limited {in that dinamot distinguish 

between non-specific and speci£ie4»SRis* However* 

use of data from, both the sole of-thefoot and the palm , 

of the hand may eliminate this limitation; 

5; In the analysis for simultaneous occurrences* compen*';':,'--;^ 

sation for differences.in response times is not carried 

out* and may cause a fairly large degree of error; 

Compensation can be made by time delays set into 

$& ' . 



the analysis process; the amount of accuracy this adds 

should be an area of future studies* 

6* The greatest source of inaccuracy is duo to the 

inability to reject completely all the noise signals* 

The accuracy o£ £ T and £N is satisfactory, and the 

accuracy of may be improved by the proposed method 

of sampling only the onset and peak value of each GSK wave.. 

7, Future electronic design will replace the general purpose 

analog computer with a special purpose computer utilising 

transistor amplifiers* and with digital counting circuits 

replacing theXJS and £T integrators, Also, application 

may be made of digital readout devices# such as a line 

printer or paper tape punch# which will put the GSR data 

in final form to be correlated with other measurements., 
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